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Built-n Audio .15lux CCD camera 12V
d.c. 200mA 480 hnes s/n ratio >48db
1V P-P output 110mm x 60mm x 50mm.

Ref EE1 £108.90

Excellent
purposeTV/TFT screen, works
as just a LCD colour monitor
with any of our CCTV cameras
or as a conventional TV. Ideal
for use in boats and caravans

quality multi-

49.7MHz-91.75MHz VHF
channels 1-5.168-25MHz-
222.75MHz VHF channels 6-
12, 471.25MHz-869 75MHz,
Cable channels 112-325MHz-
166-75MHz  Z1-Z7, Cable
channels 224.25MHz-
446-75MHz 28-Z35 5™ colour
screen. Audio output 150mWwW.
Connections, external aenal,
earphone jack. audio/video
nput, 12V d.c or mams,
Accessories supphed Power
supply, Remote control, Cigar
lead power supply. Headphone
Stand bracket 5" model
£152.90 Ref EES. 6" model
£163.90. Ret EE10

Colour CCTV camera. 8mm
lens, 12V d.c. 200mA
582x628 Resolution 380
lines Automatic aperture
lens Mirror function PAL
Back Light Compensation
MLR, 100x40x40mm.

Ref EE2 £75.90

Metal

CCTV
housings tor internal or
external use. Made from
aluminium and plastic they
are suitable for mounting
body cameras in. Available

camera

in two sizes 1 - 100 x 70 x
170mm and 2 - 100 x 70 x
280mm. Ret EE6 £24.20
EE7 £28.60 multi-position
brackets. Ref EE8 £8.80

AR

Self-cocking pistol picr002
crossbow with metal body.
Self-cocking for precise string
alignment  Aluminium  alloy
construction High tec fibre
glass limbs Automatic satety

Fullty cased IR light source
suitable for CCTV applications.
The unit measures 10 x 10 x
150mm, 1s 12V d.c. operated
and contains 54 infra-red LEDs.

catch Supplied with three
bolts Track style for greater
accuracy. Adjustable rear
sight 50ib drawweight 153t
sec velocity Break action 177
string 30m range £23.84 Ref
PLCRO02

Designed to mount on a
standard CCTV camera bracket. The
unit also contains a dayhght sensor
that will only activate the infra-red
lamp when the light level drops below
a preset level The infra-red famp 1s
suitable for indoor or exterior use,
typical useage would be 10 provide
additional IR illumination for CCTV
cameras. £53.90. Ref EE11

Mains operated and designed 10 be used
with any CCTV camera causing it to scan.
The clips can be moved to adjust the span
angle. the motor reversing when it detects
a clip. With the clips removed the scanner
will rotate constantly at approx 2-3rpm.
- 75 x 75 x 80mm £25.30. Ret EE12

Colour CCTV Camera measures
60x45mm and has a built-in light level
detector and 12 IR LEDs 0.2 lux 12 IR
LEDs 12V d.c. Bracket Easy connect
leads £75.90. Ref EE15

A high quality external colour
CCTV camera with built-in infra-
red LEDs measuring 60 x 60 x
60mm Easy connect leads
colour Waterproot PAL 1/4in.
CCD 542 x 588 pixels 420 ines
0-05 lux 3-6mm F2 78 deg lens
12V d.c. 400mA Built-in light
level sensor. £108.90. Ref EE13

Colour pinhole CCTV camera module
with audio Compact, Just
20x20x20mm, built-in audio and easy
connect leads PAL CMOS sensor 6-9V
d.c. Effective Pixels 628x582
lllumination 2 lux Definition >240
Signal/noise ratio  >40db  Power
consumption 200mW £38.50. Ref EE21

~ A small colour CCTV camera
measuring just 35 x 28 x 30mm.
Supplied complete with bracket,
microphone and easy connect
leads. Bullt-in audio. Colour 380
line resolution PAL 0.2 lux +18db
sensitivity. Effective pixels 628 x
582 Power source 6-12V d.c.
Power consumption 200mwW
£39.60. Ref EE16

Complete wireless CCTV sytem with
video. Kit compnses pinhole colour
camera with  simple  battery
connection and a receiver with video
output. 380 lines colour 2-4GHz 3 lux
6-12V d.c. manual tuning Availabie in
wo versions, pinhole and standard.
£86.90 (pinhole) Ref EE17, £86.90
(standard). Ret EE18

Small transmitier designed to transmit
audio and wideo signals on 2-4GHz. Unit
measures 45 x 35 x 10mm. Ideal for
assembly into covert CCTV systems
Easy connect leads Audio and video
input 12V d.c. Complete with aenal
Selectable channel switch £33. Ref EE19

2.4GHz wireless receiver Fully cased
audio and video 2.4GHz wireless
receiver 190x140x30mm, metal case. 4

channel. 12V d.c. Adjustable time delay,
\ 4s, Bs. 125, 16s. £49.50. Ref EE20

The smallest PMR446 radios currently
available (54x87x37mm).These tiny
handheld PMR radios not only look great,
but they are user friendly & packed with
features including VOX. Scan & Dual Watch.
Priced at £64.90 PER PAIR they are
excellent value for money. Our new favourite
PMR radios! Standby: ~ 35 hours includes: —
2 x Radios, 2 x Belt Clips & 2 x Carry Strap
£64.90 Ref ALAN1 Or supplied with 2 sets
of rechargeable battenes and two mains
chargers £93.49. Ref Alan2

Beltronics BEL550 Euro radar and
GATSO detector Claimed Detection
Range: GATSO up to 400m. Radar
& Laser guns up to 3 miles. Detects
GATSO speed cameras at least 200
metres away. plenty of time to adjust
your speed £350.90. Ref BEL550

\

TheTENS mini Microprocessors offer
six types of automatic programme for
shoulder pain, back/neck pain, aching

joints. Rheumatic pamn. migraines —
headaches. sports injuries, period pain. ]
In fact all over body treatment. Will not & i
interfere with existing medication. Not

suitable for anyone with a heart L] -

pacemaker. Batteries supplied. £21.95
Ref TEN327 Spare pack of electrodes £6.59. Ret TEN327X

Dummy CCTV cameras These motorisec

cameras will work either on 2 AA batteries or

with a standard DC adapter (not supplied)
ol They have a built-in movement detector that
will activate the camera if movement is
detected causing the camera to ‘pan’ Good
deterrent. Camera measures 20cm  high,
supplied with fixing screws Camera also has a
flashing red lLed. built in. £10.95. Rel
CAMERAB
INFRA-RED FILM 6" square piece of flexible
infra-red film that will only allow IR hght
through. Perfect tfor converting ordinary
torches, lights, headlights etc to infra-red
output only using standard light bulbs Easily
cut to shape. 6" square £16.50. Ref IRF2 or a
12" sq tor £34.07 IRF2A

GASTON SEALED LEAD-ACID BATTERIES

1-3AH 12V @ £5.50 REF GT1213
3-4AH 12V @ £8.80 REF GT1234
7AH 12V @ £8.80 REF GT127

17AH 12V @ £19.80 REF GT1217

All new and boxed. bargain prices.
Good quality sealed lead-acid
batteries

SOLAR PANEL 10 watt silicon solar
panel, at least 10 year life, 365 x
26mm, waterproot. ideal for fixing to
caravans, boat, motorhomes etc.
Nicely made unit with fixing holes for
secure fittings. Complete with leads
and connectors, Anodised frame.
Supplied with two leads, one 3M lead
is used for the o/p with two croc clips,
the other lead is used to connect extra
panels. Panels do NOT require a blocking
diode, they can be left connected at all
fmes without discharging the battery.
£93.49. REF PAN

8A  solar regulator 12V, 96 watt,
150mm x 100mm x 25mm. £30. REF
SOLREG2

High-power modules (80W+) using 125mm square
multi crystal silicon solar cells with bypass diode. Anti-
reflection coating and BSF structure to improve cell
conversion efficiency: 14%. Using white tempered
glass, EVA resin, and a weatherproof film along with
an aluminium frame for extended outdoor use, system
Lead wire with waterproof connector. Four sizes, 80W
12V de, 1200 x 530 x 35mm, £315.17. REF NE8O.
123W 12V d.c., 1499 x 662 x 46mm, £482.90. REF
NDL3. 125W 24V, 1190 x 792 x 46mm, £482.90. REF
NELS and 165W 24V, 157 x 826 x 46mm, £652.30

BULL GROUP LTD

UNIT D, HENFIELD BUSINESS PARK,
HENFIELD, SUSSEX BNS 9SL
TERMS: CASH, PO, CHEQUE PRICES + VAT
WITH ORDER PLUS £5.50 P&P (UK) PLUS VAT.
24 HOUR SERVICE £7.50 (UK) PLUS VAT.
OVERSEAS ORDERS AT COST PLUS £3.50

Tel: 0870 7707520 Fax 01273 491813
Sales@bullnet.co.uk
www.bullnet.co.uk

THE TIDE CLOCK. These clocks
indicate the state of the tide. Most
areas in the world have two high
tides and two low tides a day, SO
the tide clock has been specially
designed to rotate twice each
lunar day (every 12 hours and 25
minutes) giving you a quick and
easy indication of high and low
water. The Quartz tide clock will
always stay calibrated to the
moon. £23.10 REF TIDEC

v . ] = ]
LINEAR ACTUATORS 12-36V D.C. BUILT-IN ADJUSTABLE LIMIT
SWITCHES. POWER COATED 16n THROW UP TO 1.000ib
THRUST (400lb. RECOMMENDED LOAD). SUPPLIED WITH
MOUNTING BRACKETS DESIGNED FOR OUTDOOR USE
These brackets originally made for moving very large satellite
dishes are possibly more suttable for closing gates. mechamical
machinery. robot wars etc. Our first sale was to a company bullding
solar panels that track the sun! Two sizes available, 12in. and 18in.
throw. £32.95. REF ACT12. £38.45 REF ACT18.

POWERSAFE DEEP CYCLE BATTERIES
12V 51AH. NOW ONLY £29.95 EACH
YUASA 6V 100AH NOW ONLY £25 + £5 POSTAGE EACH

BRAND NEW MILITARY ISSUE
DOSE  METERS  (radiation
detectors). Current NATO issue.
Standard emergency services unit.
Used by most of the world's
mititary personnel. New and boxed
£75.90. REF SIEM69

NIGHT VISION SYSTEM.
Superb hunting rifle sight to fit
most rifles. grooved for a
telescopic sight. Complete
with infra-red illuminator.

Magntfication 2.7x. Complete
with rubber eye shield and
case. Opens up a whole new
world! Russian made. Can be
used as a hand-held or
mounted on a rifle. £108.90.
REF PN1

These Samanum  magnets
measure 57mm x 20mm and
have a threaded hole (5/16th
UNF) in the centre and magnetic
strength of 2.2 gauss. We have
tested these on a steel beam
running through the otfices and
found that they will take more
than 170Ib. (77kg) n weight
before being pulled off. With
keeper. £21.95. REF MAG77.

Peltier Effect heat pump.
Semiconductor thermo-
electric device which works
on the Peltier effect. When
supplied with a suitable
electric current, can either
cool or heat. Also when
subject to an externally
applied temperature gradient
can produce an electric
current. Ideal for cooling or
controlling the temperature of
sub assemblies. Each module
is supplied with a comprehensive 18 page Peltier design manual
featuring circuit designs. design information etc., etc. The Peltier
manual i1s also avalable separately. Maximum watts 56-2 40 x
40mm Imax, 5-5A Vmax, 16-7 Tmax (c-dry N2}, 72. £32.95 (inc.
manual. REF PELT1. Just manual £4.40 REF PELT2

New transmitter, receiver and
camera kit. £75.90. Kit contains four
channel switchable camera with built-
inaudio, six IR |.e.d.s and transmitter,
four channel switchable recerver, 2
power supplies, cables, connectors
and mounting bracket. £75.90.
Wireless Transmitter. Black and white
camera {75 x 50 x 55mm). Built-in 4
channel transmitter (swilchable)
Audio built-in 6 IR l.e.d.s. Bracket/stand. Power supply 30m range
Wireless Receiver 4 channel (switchable). Audiomdeo leads and
scart adapter. Power supply and manual, £75.90. REF COP24.

This miniature Stirling Cycle Engine N
measures 7in. x 4%in. and comes -
complete with built-in alcohol burner. Red
flywheels and chassis mounted on a green
base, these all-metal beauties silently
running at speeds in excess of 1,000 r.p.m.
attract altention and create awe wherever
displayed. This model comes completely
assembled and ready to run. £106.70. REF
OL!

SHOP ONLINE
WWW.BULLNET.CO.UK
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GIANT 10” 7-SEGMENT DISPLAYS
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ect Suppied in good RFE condition, complete with data sheet.
Lessthan30% Qnly £29.95@) or 4 / £99.00)
makers price Order AW44 Order PH26
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THE AMAZING TELEBOX

TV SOUND &
VIDEO TUNER

CABLE COMPATIBLE

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

IC's -TRANSISTORS - DIODES

OBSOLETE - SHORT SUPPLY - BULK

10,000,000 items EX STOCK

For MAJOR savinGs
CALL or see web site www.distel.co.uk
COMPUTER MONITOR SPECIALS
Legacy products
High spec genuine multysync.

CGA, EGA, VGA, SVGA

Mitsubishi FA3415ETKL 14" SVGA Multisync colour monitor with fine 0.28
dot pitch tube and resolution of 1024 x 768. A variety of
[ allows connection 10 a host of i

specification. quaranteed, in

used condition. Tt & Swivel Base £4.75
VGA cable for IBM PC included. Only £129 ® Ogérnas
External cables for other types of computers available - CALL

[ Generic LOW COST SVGA Monitors

We choose the make, which includes Compag,
Mitsubishi, IBM, etc. Supplied ready to run with all
cables, Standard RTB 90 day guarantee.

147 15" 17"
£50.00 | | £69.00 | | £79.00

PIP (picture in picture) setups. For complete compatibiity
without sound — an integral 4 watt audio ampiifier and low level Hi Fi audic out-

put are provided as standard. Brand new — fully guaranteed.

TELEBOX ST for composite video input type monitors £36.95
TELEBOX STL as ST but fitted with integral speaker £38.50
TELEBOX MB Muitiband VHF/UHF/Cable/Hyperband tuner £69.95
For overseas PAL versions state 5.5 or 6 mHz sound specification.
“For cable / hyperband signal reception Telebox MB should be con-
nected to a cable type service. Shipping on all Telebox's, code (B)

State of the art PAL (UK spec) UHF TV tuner module
with com te 1V pp video & NICAM hi fi stereo sound
X outputs. Micro electronics all on one small PCB only 73 x 160
X 52 mm enable full tuning control via a simple 3 wire link to an IBM
pc type computer. Suppli p with simple working program
and documentation. Requires +12V & + 5V DC to operate.
BRAND NEW - Order-as MY00. Only £39.95 code (B)
See www.dlstel.co.uk/data_my00.htm for picture + full details

HARD DISK DRIVES 272" - 14"

d cc

2%" TOSHIBA MK1002MAV 1.1Gb laptop(12.5 mm H) New £59.95
2%" TOSHIBA MK4313MAT 4.3Gb laptop (8.2 mm H) New£105.00
2'%" TOSHIBAMK6409MAV 6.1Gb laptop (12.7 mm H) New £98.00
2%" TOSHIBA MK1614GAV 18 Gb laptop (12 mm H) Newf£149.95
2%" to 3'2" conversion kit for Pc's, complete with connectors £15.95

New £199.00
£59.95

3%" COMPAQ 313706-B21 (IBM) 9 gFt\J ULT/SCSI3
3%" FUJI FK-309-26 20mb MFM I/F RFE

3%" CONNER CP3024 20 mb IDE I/F (or equiv.) RFE
3%" CONNER CP3044 40 mb IDE I/F (or equiv.) RFE

3%" QUANTUM 40S Prodri ve 42mb SCS! I/F, New RFE  £49.00
5%° MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE £49.95
5% SEAGATE ST-238R 30 mb RLL I/F Refurb 69.95
5%" CDC 94205-51 40mb HH MFM I/F RFE tested £69.95
5%" HP 97548 850 Mb SCSI RFE tested .00
5%" HP C3010 2 Gbyte SCSi differential RFE tested £195.00
8" NEC D2246 85 Mb SMD interface. New .

8"  FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00
8" FUJITSU M2392K 2 Gb SMD I/F RFE tested £345 00

Many other ﬂopp'{,& H drives, IDE, SCSI. ESDI etc from stock,
see website for full stock list. Shipping on all drives Is code

TEST EQUIPMENT & SPECIAL INTEREST ITEMS

MITSUBISHI FA3445ETKL 14” Ind. spec SVGA monitors
FARNELL 0-60V DC @ 50 Amps, bench Power Supplies
FARNELL AP3080 0-30V DC @ 80 Amps, bench Suppy
KINGSHILL CZ403/1 0-50V @ DC 200 Amps - NEW

1kW to 400 kW - 400 Hz 3 phase power sources - ex stock
IBM 8230 Type 1, Token ring base unit driver £760
Wayne Kerr RA200 Audio frequency response analyser £2500
INFODEC 1U, 24 port, RJ45 network patchpanels. #TH33 £49
3COM 16670 12 Port Ethernet hub - RJ45 connectors #LD97 £69
3ICOM 16671 24 Port Ethernet hub - RJ45 connectors £89
3ICOM 16700 8 Port Ethemet hub - RJ45 connectors NEW £39
1BM 53F5501 Token Ring ICS 20 port lobe modules £POA
IBM MAU Token ring distribution panel 8228-23-5050N £45
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE VO £550
ALLGON 8360.11805-1880 MHz hybrid power combiners £250
Trend DSA 274 Data Analyser with G703(2M) 64 i/o £POA
Marconi 6310 Programmable 2 to 22 GHz sweep generator £4500
Marconi 2022C 10KHz-1GHz RF signal generator £1550
HP1650B Logic Analyser £3750
HP3781A Pattern generator & HP3782A Error Detector £POA
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts  £1800
HP6264 Rack mount variable 0-20V @ 20A metered PSU £475
HP54121A DC to 22 GHz four channel test set

HP8130A opt 020 300 MHz pulse generator, GPIB e:c

HP A1, A0 8 pen HPGL high speed drum plotters - from

HP DRAFTMASTER 1 ggen high speed plotter
EG+G Brookdeal 95035C Precision lock in amp
Keithiey 590 CV capacitor / voltage analyser

Racal ICR40 dual 40 channel voice recorder system
Fiskers 45KVA 3 ph On Line UPS — New batteries
Emerson AP130 2.5KVA industrial spec.UPS

Mann Tally MT645 High speed line printer

Intel SBC 486/133SE Multibus 486 system. 8Mb Ram

£245

£995
£1850
£3950
£POA

Supplied in good used condition. Shipping code (D)

VIDEO MONITORS

PHILIPS HCS35 ﬁame style as CM8833) attractively styled 14"
colour monitor with both RGB and standard composite 15.625
Khz video inputs via SCART socket and separate phono jacks.
Integral audio power amr and speaker for all audio visual uses.
Will connect direct to Ami| ?a and Atari BBC computers. Ideal for all
video monitoring / security applications with direct connection to
most colour cameras. High quality with many features such as
"02:1 oonoefaled flap controls, VCR correction button etc. Good used
condition - fully tested - guaranteed

Dimensions: W14° x H12%" x 15'%" D. only 29900 {E)
PHILIPS HCS31 Ultra compact 9" colour video monitor with stan-
dard composite 15.625 Khz video input via SCART socket. Ideal
for all monitoring / security applications. High quality, ex-equipment
fully tested & guaranteed (possible minor screen burns). In attractive
i%mre black plastic case measuring W10" x H10" x 13%" D. 240 V

mains powered. Only £79.00 (p)

INDUSTRIAL COMPUTERS

Tiny shoebox sized industrial 40 Mhz 386 PC system measuring
only (mm) 266 w X 88 h X 272 d. Ideal for dedicated controt
applications running DOS, Linux or even Windows ! Steel case
contains 85 to 265 V AC 50 / 60 hz 70 Watt PSU, a 3 slot ISA
passive backplane and a Rocky 318 (PC104) standard, sir}gle
board computer with 8 MByte NON VOLATILE solid state 'Disk
On Chip' RAMDISK. System comprises: Rocky 318 (PC104) SBC
ISA card with 40MHz ALi 386SX CPU, 72 pin SIMM slot with 16
Mbyte SIMM, AMI BIOS, baneg backed up real time clock. 2 x 9@
pin D 16550 serial ports. EPP/ECP printer port, mini DIN key-
board connector, floppy port, IDE port for hard drives up to 528
MByte caracity, waltcl timer and PC/104 bus socket. The 8
MByte solid state 'disk on a chip’ has its own BIOS, and can be
fdisked, formatted & booted. Supplied BRAND NEW fully tested
and guaranteed. For full data see featured item on website. Order

as - .
's of applications inc:
firewall, routers, robotics etc Only £99.00 )
Unless marked NEW, i

this section are pre

HP6030A 0-200V DC @ 17 Amps bench power supply

Intel SBC 486/125C08 Enhanced Multibus (MSA)} New

Nikon HFX-11 (Ephiphot) exposure control unit

PHILIPS PM5518 pro. signal generator £1250
Moct’orola VME Bus Boards & Components List. SAE / CALL
£POA

Trio 0-18 vdc linear, metered 30 amp bench PSU. New

Fujitsu M3041R 600 LPM high speed band printer

Fujitsu M3041D 600 LPM printer with network interface

Siemens K4400 64Kb to 140Mb demux analyser

Perkin Elmer 2998 Infrared spectrophotometer

Perkin Elmer 597 Infrared rophotometer

VG Electronics 1035 TELETEXT ing Margin Meter  £3250
LightBand 60 output high spec 2u rack mount Video VDA's £495
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995
B&K 2633 Micrthone pre am £300
Taylor Hobson Tallysurt amplifier / recorder £750
ADC S5200 Carbon dioxide gas detector / monitor £1450
BBC AM20/3 PPM Meter (Emest Turner) + drive electronics £75
ANRITSU 9654A Optical DC-2.5G/b waveform monitor £
ANRITSU ML93A optical power meter

ANRITSU Fibre optic characteristic test set

R&S FTDZ Dual sound unit

R&S SBUF-E1 Vision modulator

WILTRON 6630B 12.4 / 20GHz RF sweep generator
TEK 2445 150 MHz 4 trace oscilloscope £1250
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955
TEK TDS380 400Mhz digltal reaitime + disk drive, FFT etc  £2900
TEK TDS524A 500Mhz digital realtime + colour display etc £5100
HP3585A Opt 907 20Hz to 40 Mhz spectrum analyser £3950
PHILIPS PW1730/10 60KV XRAY generator & accessories £POA
VARIACS - Lar%e range from stock - call or see our website
CLAUDE LYONS 12A 240V single phase auto. volt. regs £325

£POA
£650
£775
£5750

Surplus always
wanted for cashl

19" RACK CABINETS

Europe’s Largest Stocks of
quality rack cabinets,

enclosures and accessories.
Over 1000 Racks from stock

This month’s special G/G‘
33/ 42/ 47 U - High Quality S‘“’e J
All steel Rack Cabinets R ‘

Made by Eurocraft Enclosures Ltd to the highest possible
spec, rack features all steel construction with -
removable side, front and back doors. Front and
back doors are hinged for easy access and all
lockable with five secure 5 lever barrel locks.
The front door is constructed of double walled
steel with a ‘designer style’ smoked acrylic front
panel to enable status indicators to be seen
through the panel, yet remain unobtrusive.
Internally the rack features fully slotted reinforced
vertical fixing members to take the heaviest of
19” rack equipment. The two movable vertical
fixing struts (extras available} are pre punched for
standard ‘cage nuts’. A mains distribution
panel intemally mounted to the bottom rear, pro-
vides 8 x IEC 3 pin Euro sockets and 1 x 13 amp 3
pin switched utility socket. Overall ventilation is pro- &

vided bgi fully louvered back door and double skinned top section with
top and side louvres. The top panel may be removed for fitting of
integral fans to the sub plate etc. Other features include: fitted cas-
tors and floor levelers, prepunched utility panel at lower rear for cable
/ connector access etc. Supplied in excellent, slightly used condi-
tion with .::!s' Colour Royal blue. some grey available - CALL - Can
be supplied in many other configurations.

33U
Order as BC44
External dimensions
mm=1625H x 635D x
603 W. (64" H x 25" D

47U
Order as RV36
External dimensions
mm=2019H x 635D x
603 W. (88" H x 25" D

42V
Order as DT20
Extemmal dimensions
mm=2019H x 635D x
603 W. (79.5" H x 25"

"Gnly "Gy | [Gay"
£245 | £345 | £410

Call for shipping quotation

COLOUR CCD CAMERAS
Undoubtedly a miracle of modern technology & our Sel G
special buyung gower ! A quality product featuring 4 I/ P /
afully cased COLOUR CCD camera at a give away gl oy
price ! Unit features full autolight sensing for use in low . '9

light & high light applications.
A 10 mm fixed tocus wide angle lens
ives excellent focus and resolution
rom close up to long range. The com-
‘a4 Posite video output will connect to an¥
composite monitor or TV (via SCAR
socket) and most video recorders. Unit
runs from 12V DC so ideal for security &
portable applications where mains
power not available. Overall dmensions
66 mm wide x 117 deep x 43 high. Supplied BRAND NEW & fully
guaranteed with user data, 100's of applications including Security,
Home Video, Web TV, Web Cams etc, etc.

Order as LK33 ONLY £79.00 or 2 for £149.00 (s

SOFTWARE SPECIALS

NT4 WorkStation, complete with service pack 3
and licence - OEM packaged. ONLY £89.00 (s
ENCARTA 95 - CDROM, Not the latest - but at this price | £7.95
DOS 5.0 on 3'%" disks with concise books c/w QBasic . £14.95
Windows for Workgroups 3.11+ Dos 6.22 on 3.5" disks £55.
Windows 95 CDROM Only - No Licence - £19.95

Wordperfect 6 for DOS supplied on 32" disks with manual £24.95

SOLID STATE LASERS

Visible red, 670nm laser diode assembly. Unit runs from 5 ¥V DC at
approx 50 mA. Orginally made for continuous use in industrial bar-
code scanners, the laser is mounted in a removable solid atumini-
um block, which functions as a heatsink and rigid optical mount.
Dims of block are 50 w x 50 d x 15 h mm. Integral features include
over temperature shutdown, current control, laser OK ouput, and
ted TTL ON / OFF. Many uses for experimental optics, comms &
lightshows etc. Supplied complete with data sheet.

Order as TD91 ONLY £24.95 )

5650 DC POWER SUPPLIES

Virtually ever
can Imagline.
Ex Stock - Call or see our web site.

type of power supply you
ver 10,000 Power Supplies

RELAYS - 200,000 FROM STOCK

Save £££€'s by choosinglyour next mlag from our Massive Stocks
covering types such as Military, Octal, Cradle, Hermetically Sealed,
Continental, Contactors, Time Delay, Reed, Mercury Wetted, Solid
State, Printed Circuit Mounting etc., CALL or see our web site
www.dlstel.co.uk for more i ion. Many obsolete types from
stock. Save £££€'s

j vy

r

Surrey CR7 8PD
Open Mon - Fri 9.00 - 5:30

800, 8 4250, FE0 LS B ALL MAIL TO 18 Million Items On Line Now !
v s E [EP-C srees wee Dept P1E_|:‘29 (35 SSbt?‘"‘e Rd Leise Secure ordering, Pictures, Information
B EBYdo K . ! ornton Hea iSign .

WL R i : = www.distel.co.uk

Al prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. Bona Fide account orders

vokme.TopCASHpvgsfbaidgforaxptsgoo&.N

£100 are subject to 7 i
(eEdH:lB.(X). (W%msmmm% Alag,zodsstppiedtom
or

on a return to base basis. All i
raciemarks,

emall = admin @distel.co.uk

ALL 99 ENQUIRIES

0208 653 3333
FAX 0208 653 8888

SR S

Conditions of Sale which can be viewed at our website and Lniees stat-
L specifications without prior notice. Orders subject to stock. Discounts for
Display Electronics 2002. E & OFE..




NEXT MONTH

THUNDERSTORM
MONITOR

Lightning poses a significant risk to us all, it
causes more deaths than do most other natural
hazards, including hurricanes and tornados.
This “early warning system” monitors
atmospheric charge and indicates when an
unusually high potential difference between the
atmosphere and earth occurs. Under test this
inexpensive unit regularly picked up the
possibility of a thunderstorm well in advance of
any thunder or lightning. The monitor will
greatly reduce the risk of injury or death by
lightning strike.

LOGIC PROBE

When troubleshooting digital circuits, a logic probe provides a quick
and easy way of determining the logic level at a particular node. Unlike
voltmeters and oscilloscopes which are able to display a range of
analogue voltage levels, the logic probe is essentially a digital
instrument that provides a simple yet unamtiguous “yes” or “‘no”
indication of the node’s logic level.

Unlike many commercially available logic probes, the one described
next month is a precision instrument, in that it uses analogue
techniques to sense the voltage levels, thereby providing an accurate
indication of the true logic state. It is a pocket-sized instrument which is
easy to construct and simple to use.

The probe is powered from the circuit under test. Any supply in the
range 3V to 15V can be accommodated, thus allowing the probe to be
used on a wide range of TTL and CMOS logic families. The logic level
at any node in the circuit is detected simply by touching the probe tip to
the appropriate point.

FLOATING POINT FOR PICS

An introduction to the use of Microchip’s floating point maths routines
for the PIC16F series of microprocessors. The article takes a quick look
at the theory of fixed and floating point number representations, and
then descriptions are given of several customised files and utility
programs which can be downloaded from the EPE Downloads site, and
which together comprise everything necessary to use the floating point
code. The routines include floating point add, subtract, multiply and
divide together with some auxiliary functions.

NO ONE DOES

EVERYDAY

/" NI\
D

PRACTICAL ——
[EM 2 SUIRAON ULSS]
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MW AMPLITUDE
MODULATOR

A popular pastime amongst amateurs is
renovating old valve or transistor radios.
These radios are usuaily a.m. only, tuning
the medium and fong wave bands, with
maybe a shortwave band. With the advent
of high-quality stereo f.m. transmissions on
v.h.f. and more recently DAB radio a great
deal of music and other material is
unavailable to these radios. The unit
described here takes its input from the
audio output of the fm. or DAB receiver and
regenerates it intc an a.m. modulated
format in the medium wave band.

No modifications to the f.m. or DAB radio or
the radio receiving the output from the unit
are necessary. The unit will also take the
output from an amplifier connected to CD,
tape or record players, and again make this
available to a.m. m.w. radios via a screened
lead.

IT BETTER

DON'T MISS AN
ISSUE - PLACE YOUR
ORDER NOW!

Demand is bound to be high

671
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Quasar Electronics Limited
PO Box 6935, Bishops Stortford,

Tel: 0870 246 1826
Fax: 0870 460 1045
E-mail: sales @quasarelectronics.com

Add £2.95 P&P to all UK orders or 1st Class Recorded - £4.95. a——
Next day (insured £250) — £7.95. Europe - £5.95. Rest of World - £9.95 V/SA
(order online for reduced price UK Postage).

We accept all major credit/debit cards. Make cheques/POs
payable to Quasar Electronics Limited.

Prices include 17.5% VAT. MAIL ORDER ONLY.

Call now for our FREE CATALOGUE with detalils of over 300
high quality kits, projects, modules and publications.

sm'w
so;o
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electronics

Helpmg you make the nght connections!

PIC & ATMEL Programmers

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

Programmer Accessories:

40-pin Wide ZIF socket (ZIF40W) £15.00
18VDC Power supply (PSU010) £19.95
Leads: Parallel (LEAD108) £4.95 / Seriat
(LEAD76) £4.95 / USB (LEADUAB) £2.95

NEW! USB ‘All-Flash’ PIC Programmer
USB PIC programmer for all
‘Flash’ devices. No external
power supply making it truly
portable. Supplied with box
and Windows Software. ZIF
Socket and USB Plug A-B lead
not incl.

Kit Order Code: 3128KT — £29.95
Assembled Order Code: AS3128 — £39.95

Enhanced “PICALL” ISP PIC Programmer
Will program virtually ALL 8
to 40 pin PICs plus certain
ATMEL AVR, SCENIX SX
and EEPROM 24C devices.
!/ Also supports In System
Programming (ISP) for PIC
and ATMEL AVRs. Free software. Blank chip
auto detect for super fast bulk programming.
Requires a 40-pin wide ZIF socket (not
included)
Assembled Order Code: AS3144 — £54.95

- e s = Do <1
o

o

ATMEL 89xxx Programmer
Uses serial port and any
standard terminal comms
program. 4 LEDs display
the status. ZIF sockets
not included. Supply:
16VDC.

Kit Order Code: 3123KT — £29.95
Assembled Order Code: AS3123 — £34.95

NEW! USB & Serial Port PIC Programmer
USB/Serial connection.

- Header cable for ICSP. Free
Windows software. See web-

" site for PICs supported. ZIF
Socket and USB Plug A-B

lead extra. 18VDC.

Kit Order Code: 3149KT - £29.95

Assembled Order Code: AS3149 — £44.95

| Te——

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

Kit Order Code: 3081KT — £14.95
Assembled Order Code: AS3081 — £24.95

CREDIT CARD
SALES

ABC Maxi AVR Development Board
The ABC Maxi board - =
has an open architec-
ture design based on
Atmel’s AVR
AT90S8535 RISC
microcontroller and is
ideal for developing new designs.
Features:

8Kb of In-System Programmable Flash
(1000 write/erase cycles) ® 512 bytes
internal SRAM @ 512 bytes EEPROM

® 8 analogue inputs (range 0-5V)

® 4 Opto-isolated Inputs (1/Os are
bi-directional with internal pull-up resistors)
® Qutput buffers can sink 20mA current
(direct |.e.d. drive) ® 4 x 12A open drain
MOSFET outputs ® RS485 network
connector ® 2-16 LCD Connector

® 3:5mm Speaker Phone Jack

® Supply: 9-12VDC.

The ABC Maxi STARTER PACK includes
one assembled Maxi Board, parallel and
serial cables, and Windows software
CD-ROM featuring an Assembler,

BASIC compiler and in-system
programmer.

Order Code ABCMAXISP — £79.95

The ABC Maxi boards only can also be
purchased separately at £59.95 each.

Conirollers & Loggers

Here are just a few of the controller and data
acquisition and contro! units we have.
See website for full details. Suitable PSU for
all units: Order Code PSU445 — £8.95

Rolling Code 4-Channel UHF Remote
State-of-the-Art. High security.
4 channels. Momentary or
latching relay output. Range
up to 40m. Up to 15 TXs can
be learned by one Rx (kit
includes one Tx but more
available separately).

4 indicator LEDs.

Rx: PCB 77x85mm, 12VDC/6mA (standby).
Two & Ten Channel versions also available.
Kit Order Code: 3180KIT — £41.95
Assembled Order Code: AS3180 — £49.95

Computer Temperature Data Logger
Serial port 4-channel tem-
perature logger. °C or °F.
Continuously logs up to 4
separate sensors located
200m+ from board. Wide

S, range of free software appli-

cations for storing/using data.

PCB just 38x38mm. Powered
by PC. Includes one DS1820 sensor and
four header cables.

Kit Order Code: 3145KT — £19.95
Assembled Order Code: AS3145 — £26.95
Additional DS1820 Sensors — £3.95 each

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

717 7168

NEW! DTMF Telephone Relay Switcher
Call your phone number
using a DTMF phone from
anywhere in the world
and remotely turn on/off
any of the 4 relays as
desired. User settable
Security Password, Anti-Tamper, Rings to
Answer, Auto Hang-up and Lockout.
Includes plastic case. 130 x 110 x 30mm.
Power: 12VDC.

Kit Order Code: 3140KT — £39.95
Assembled Order Code: AS3140 — £49.95

Serial Port Isolated I/O Module

Computer controlled
8-channel relay
board. 5A mains
rated relay outputs
and 4 opto-isolated
digital inputs (for
monitoring switch
states, etc). Useful in a variety of control
and sensing applications. Programmed via
serial port (use our new Windows interface,
terminal emulator or batch files). Serial
cable can be up to 35m long. Includes
plastic case 130 x 100 x 30mm. Power:
12VDC/500mA.

Kit Order Code: 3108KT — £54.95
Assembled Order Code: AS3108 — £64.95

Infra-red RC 12-Channel Relay Board
Control 12 on-board relays
with included infra-red

; remote control unit. Toggle
or momentary. 15m+ range.
112 x 122mm.

Supply: 12VDC/0-5A.

Kit Order Code: 3142KT — £41.95
Assembled Order Code: AS3142 — £51.95

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

Features

® 11 Analogue Inputs — 0-5V, 10 bit (5mV/step)

@ 16 Digital Inputs — 20V max. Protection 1K in
series, 5-1V Zener

@ 1 Analogue Output — 0-2.5V or 0-10V. 8 bit
(20mV/step)

@ 8 Digital Outputs — Open collector, 500mA, 33V
max

@ Custom box (140 x 110 x 35mm}) with printed
front & rear panels

@ Windows software utilities (3-1 to XP) and
programming examples

@ Supply: 12V DC (Order Code PSU203)

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




'Hot New Kits This Summer!
Here are a few of the most recent kits
| added to our range. See website or join our
email Newsletter “or all the latest news.

L

NEW! EPE Ultrasonic Wind Speed Meter
Solid-state design
wind speed meter
(anemometer) that
uses ultrasonic
techniques and has
no moving parts
and does not need
calibrating. It is intended for sports-type
activities, such as track events, sailing,

| hang-gliding, kites and model aircratft flying,
to name but a few It can even be used fo
monitor conditions in your garden. The probe
is pointed in the direction from which the
wind is blowing and the speed is displayed
on an LCD display.

Specifications

® Units of display: metres per second, feet per
second, kilometres per hour and miles per hour

@ Resolution: Nearest tenth of a metre

® Range: Zero to SOmph approx.

Based on the project published in Everyday
Practical Electronics, Jan 2003. We have
made a few minor design changes (see web
site for full details). Power: 9VDC (PP3 bat-
tery or Order Code PSU345).

Main PCB: 50 x 83mm.

Kit Order Code: 3168KT — £34.95

NEW! Audio DTMF Decoder and Display
Detects DTMF
_tones via an
;on-board electret
microphone or
“direct from the
" phone lines through
the onboard audio
transformer. The
numbers are displayed on a 16-character,
single line dispiay as they are received. Up
to 32 numbers can be displayed by scrolling
the display left and right. There is also a
serial output for sending the detected tones
to a PC via the serial port. The unit will not
detect numbers dialled using pulse dialling.
Circuit is microcontrolier based.
Supply: 9-12V DC (Order Code PSU345).
Main PCB: 55 x 95mm.
Kit Order Code: 3153KT ~ £17.95
Assembled Order Code: AS3153 — £29.95

NEW! EPE PIC Controlled LED Flasher
*This versatile

- - PIC-based LED

t: or filament bulb

Y flasher can be
£e

9

used to flash

¥ © “from 1to 160
LEDs. The user arranges the LEDs in any
pattern they wish. The kit comes with 8
superbright red LEDs and 8 green LEDs.
Based on the Versatile PIC Flasher by Steve
Challinor, EPE Magazine Dec '02. See web-
site for full details. Board Supply: 9-12V DC.
LED supply: 9-45V DC (depending on
number of LED used). PCB: 43 x 54mm.

Kit Order Code: 3169KT ~ £10.95

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

FM Bugs & Transmitters

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

MMTX’ Micro-Miniature 9V FM Room Bug

- Our best selling bug! Good
@ performance. Just 25 x 15mm.
Sold to detective agencies

\ worldwide. Small enough to

') hide just about anywhere,
Operates at the ‘less busy’ top
end of the commercial FM waveband and
also up into the more private Air band.
Range: 500m. Supply: PP3 battery.

Kit Order Code: 3051KT - £8.95

Assembled Order Code: AS3051 — £14.95

HPTX’ High Power FM Room Bug

Our most power- e e s S
ful room bug. s G ik
Very Impressive ! —
performance. Clear and stable output signal
thanks to the extra circuitry employed.
Range: 1000m @ 9V. Supply: 6-12V DC (9V
PP3 battery clip suppied). 70 x 15mm.

Kit Order Code; 3032KT ~ £9.95

Assembled Order Code: AS3032 — £17.95

MTTX’ Miniature Telephone Transmitter

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

3 Watt FM Transmitter

Small, powerful FM
transmitter. Audio
preamp stage and
three RF stages
deliver 3 watts of RF
power. Can be used
with the electret
microphone supplied or any line level audio
source (e.g. CD or tape OUT, mixer, sound
card, etc). Aerial can be an open dipole or
Ground Plane. Ideal project for the novice
wishing to get started in the fascinating
world of FM broadcasting. 45 x 145mm.

Kit Order Code: 1028KT — £22.95
Assembled Order Code: AS1028 - £34.95

25 Watt FM Transmitter

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

Order Code: 1031M ~ £124.95

CREDIT
CARD
SALES
o871
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Helping you make the rght cornections!
Electronic Project Labs

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

500-in-1 Electronic Project Lab
This is the top of the range
and is a complete electronics
course taking you from
beginner to ‘A’ level standard
and beyond! It contains all
the parts and instruc-
tions to assemble 500
projects. You get three
comprehensive course books

(total 368 pages) — Hardware Entry Course,
Hardware Advanced Course and a micro-
computer based Software Programming
Course. Each book nas individual circuit
explanations, schematic and assembly dia-
grams. Suitable for age 12 and above.

Order Code EPL500 — £149.95

30, 130, 200 and 300-in-1 project labs also
available — see website for details.

Number 1 for Kits!

With over 300 projects in our range we are
the UK's number 1 electronic kit spacialist.
Here are a few other kits from our range.

1046KT — 25W Stereo Car Booster £29.95
3087KT ~ 1W Stereo Amplifier £4.95
3105KT ~ 18W BTL mono Amplifier £8.95
3106KT -~ 50W Mano Hi-fi Amplifier £19.95
3143KT — 10W Stereo Amplifier £9.95
1011-12KT — Motorbike Alarm £12.95
1019KT ~ Car Alarm System £11.95
1048KT ~ Electronic Thermostat £8.95
1080KT ~ Liquid Lavel Sensor £6.95
3003KT - LED Dice with Box £7.95
3006KT — LED Roulette Wheel £8.95
3074KT - 8-Ch PC Relay Board £29.95
3082KT ~ 2-Ch UHF Relay £26.95

3126KT ~ Sound-Activated Relay £7.95
3063KT — One Chip AM Radio £10.95
3102KT — 4-Ch Servo Motor Driver £15.95
3155KT — Stereo Tone Controls £8.95
1096KT ~ 3-30V, £A Stabilised PSU £32.95
3029KT — Combination Lock £6.95
3049KT - Ultrasoric Detector £13.95
3130KT - Infra-red Security Beam £12.95
SGO1MKT - Train Sounds £6.95

SG10 MKT ~ Animal Sounds £5.95
1131KT - Robot Voice Effect £9.95
3007KT — 3V FM Room Bug £6.95
302BKT - Voice-Activated FM Bug £12.95
3033KT — Telephone Recording Adpt £9.95
3112KT — PC Data Logger/Sampier £18.95
3118KT ~ 12-hit Data Acquisition Unit £52.95
3101KT - 20MHz Function Generator £69.95

0.1
SKIT

www.quasarelectronics.com

Secure Online Ordering Facilities @ Full Product Listing, Descriptions & Photos @ Kit Documentation & Software Downloads




EPE PIC PROJECTS
VOLUME 1
MINI CD-ROM

A plethora of 20 “hand-PICked” PIC
Projects from selected past issues of EPE

Together with the PIC programming
software for each project plus bonus articles ON L

(c) 1908 - 2003 TechBrtes Interactive inc.
& Wimborme Publshing Ud

The projects are: £1 4 45
PiC-Based Ultrasonic Tape Measure n
You've got it taped if you PIC this ultrasonic distance measuring INCLUDING
calculator VAT and P&P
EPE Mind PICkler .
Want seven ways to relax? Try our PIC-controlled mind machine! Order on-line from
PIC MIDI Sustain Pedal ) o www.epemag.wimborne.co.uk/shopdoor.htm
i}r\g?(;:ns;ﬁ/lg g?g ggi?%?lg% tgff}c;?::jsr m'.?' ine-up wifh tis or www.epemag.com (USA § prices)

- one, Fax, Email or Post.
PIC-based MIDI Handbells °_r by Ph ’ T or Post ]
Ring out thy bells with merry tolling — plus a MIDI PIC-up, of NOTE: The PDF files on this CD-ROM are suitable to use on any PC with a
course! CD-ROM drive. They require Adobe Acrobat Reader.

EPE Mood PICker

Oh for a good night's sleep! Insomniacs rejoice — your wakeful EPE PIC PROJECTS CD-ROM

nights could soon be over with this mini-micro under the pillow!
PIC Micro-Probe ORDER FORM
A hardware tool to help debug your PIC software
PIC Video Cleaner 1
Improving video viewing on poorly maintained TVs and VCRs :
PIC Graphics LCD Scope I
A PIC and graphics LCD signal monitor for your workshop 1
PIC to Printer Interface :
1
1
i
1

Please send me ........ (quantity) EPE PIC PROJECTS VOL 1 CD-ROM
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Price £14.45 each — includes postage to anywhere in the world.

How to use dot-matrix printers as data loggers with PIC
microcontrollers

PIC Polywhatsit

A novel compendium of musical effects to delight the creative
mus'c'an [ I R R N A )
PIC Magick Musick :

Conjure music from thin air at the mere untouching gesture of @ | =« - o v oo
fingertip '

PIC Mini-Enigma T Ny RPN (R [P 1 PostCode . ............
Share encrypted messages with your friends — true spymaster
entertainment

PIC Virus Zapper

Can disease be cured electronically? Investigate this
controversial subject for yourself

PIC Controlled Intruder Alarm

A sophisticated multi-zone intruder detection system that offers a

11 enclose cheque/P.O./bank draft to the valueof € . . .. ... ..

[1 Please charge my Visa/Mastercard/Amex/Diners Club/Switch

variety of monitoring facilities Card NO. ...t
PIC Big-Digit Display
Control the giant ex-British Rail platform clock 7-segment digits Card Security Code . .. ....... (The last 3 digits on or just under
that are now available on the surplus market the signature strip)
PIC Freezer Alarm

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

PIC World Clock

Graphically displays world map, calendar, clock and global
time-zone data

PICAXE Projects

A 3-part series using PICAXE devices - PIC microcontrollers
that do not need specialist knowledge or programming
equipment

PIC-based Tuning Fork and Metronome

Thrill everyone by at long last getting your instrument properly
tuned!

Versatile PIC Flasher

An attractive display to enhance your Christmas decorations or
your child’s ceiling

BECOME A PIC PROJECT BUILDER WITH THE HELP OF EPE!
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SEND TO: Everyday Practical Electronics,
Wimborne Publishing Ltd.,
408 Wimborne Road East, Ferndown, Dorset BH22 9ND.
Tel: 01202 873872.  Fax: 01202 874562.
Email: orders @epemag.wimborne.co.uk
Payments must be by card or in £ Sterling — cheque or bank draft
drawn on a UK bank.
Normally supplied within seven days of receipt of order.
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: Send a copy of this form, or order by letter if you do not wish to cut your issue.




Learn About Microcontrollers

*

PIC Training & Development System

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

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

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

include a plugtop power supply.

NEW 32 bit PC Assembler

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

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

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

C & C++ for the PC

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

Book + made up kit 2a + software ..... £57.50
Book + unmade kit 2u + software ...... £51.50

Book + top up kit 2t + software.......... £37.98
(PP UK £4, Europe £10, Rest of world £14)
The Kits

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

Assembler and C & C++

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

Universal mid range PIC programmer module

+ Book Experimenting with PIC Microcontroliers

+ Book Experimenting with the PIC16F877 (2nd edition)

+ Universal mid range PIC software suite

+ PIC16FB4 and PIC16F870 test PICs. . .. .. £159.00
(Postage & insurance UK £10, Europe £15, Rest of world £25)

Experimenting with PIC Microcontrollers

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

Hardware & Ordering Information

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

Telephone with Visa, Mastercard or Switch, or send cheque/PO for ‘

immediate despatch. All prices include VAT if applicable.
Web site:- www_brunningsoftware.co.uk

Experimenting with the PIC16F877

| The second PIC book starts with the simplest of experiments to

give us a basic understanding of the PIC16F877 family. Then we

| look at the 16 bit timer, efficient storage and display of text

messages, simple frequency counter, use a keypad for numbers,

| letters and security codes, and examine the 10 bit A/D converter.

The PIC16F627 is then introduced as a low cost PIC16F84. We

| use the PIC16F627 as a step up switching regulator, and to

control the speed of a DC motor with maximum torque still

available. We study how to use a PIC to switch mains power using

an optoisolated triac driving a high current triac. Finally we study
how to use the PICs USART for serial communication to a PC.

Mail order address:

® .
138 The Street, Little Clacton, Clacton-on-sea,
annlng so‘tware Essex, CO16 9LS. Tel 01255 862308

Everyday Practical Electronics, October 2004

675




GENT

ELECTRONICS

Tel 01283 565435 Fax 546932
http://www.magenta2000.co.uk

E-mail: sales@magenta2000.co.uk
LTD

EE266 135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST

All Prices include V.A.T. ADD £3.00 PER ORDER P&P. £6.99 next day

—
VISA
——

CLROCA U
Maye:a'h
- '."

MAIL ORDER ONLY e CALLERS BY APPOINTMENT

EPE PROJECT PICS

Programmed PICs for *EPE Projects
12C508/9 - £3.90; 16F627/8 — £4.90
16C84/16F84/16C71 - £5.90
16F876/877 — £10.00
All inc. VAT and Postage

(*Some projects are copyright)

EPE MICROCONTROLLER

P... TREASURE HUNTER
The latest MAGENTA DESIGN — highly
stable & sensitive — with 1.C. control of all
timing functions and advanced pulse
separation techniques.
o High stability

dnft cancelling
© Easy to build

& use
© No ground

eftect, works

in seawater

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

o Efficient quartz controlled
microcontroller pulse generation.
® Full kit with headphones & all

hardware
KIT847 ......... £63.95
68000 ramne ki

o NEW PCB DESIGN

 8MHz 68000 16-BIT BUS

© MANUAL AND SOFTWARE

¢ 2 SERIAL PORTS

® PIT AND /O PORT OPTIONS
© 12C PORT OPTIONS

KIT 621
k>, £99.95

* ON BOARD

5V REGULATOR
*PSU £6.99

o SERIAL LEAD £3.99

Stepping Motors

MD100..Std 100 step..£9. %Mw .'j
MD200...200 step...£12.99 )
MD24...Large 200 step...£22.95

PIC PIPE DESCALER

e SIMPLE TO BUILD e SWEPT
e 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 ....... £2%.95 POWER UNIT......£3.99

MICRO PEsT
SCARER

Our latest design — The ultimate
scarer for the garden. Uses

special microchip to give random
delay and puise 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.

e RANDOM PULSES

e HIGH POWER

o DUAL OPTION Plug-in power supply £4.99
KIT 867............ Da000000ac cee....£19.99
KIT + SLAVE UNIT........... Doomoooood £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.

KIT856...ccciiiiinncrieniannnne. . .£28.00

% TENS UNIT %

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 8686. . Full kit including four electrodes £32.90

1000V & 500V INSULATION
TESTER

Superb new design. Regulated
output, efficient circuit. Dual-scale
meter, compact case. Reads up to
200 Megohms.

Kit includes wound coil, cut-out
case, meter scale, PCB & ALL
components.

Set of
4 spare
electrodes
£6.50

EPE
TEACH-IN
2000

Full set of top quality NEW
components for this educa-
tional series. All parts as
specified by EPE. Kit includes
breadboard, wire, croc clips,
pins and all components for
experiments, as listed in
introduction to Part 1.

*Batteries and tools not included.

TEACH-IN 2000 -
KT 879 £44.95
muLTIMETER £14.45

)
SPACEWRITER Q’%‘
An innovative and exciting project. "q,_
Wave the wand through the air and %’
your message appears. Programmable t
to hold any message up to 16 digits long, 'h%
Comes pre-loaded with "MERRY XMAS". Kit *&,
includes PCB, all components & tube plus
instructions for message loading

KIT849............ £16.99

12V EPROM ERASER

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

KIT790............ £29.90

SUPER BAT
DETECTOR

1 WATT O/P, BUILT IN
SPEAKER, COMPACT CASE
20kHz-140kHz
NEW DESIGN WITH 40kHz MIC.

A new circuit using a

‘full-bridge’ audio

amplifier i.c., internal

speaker, and \
socket. W\

hea
The latest sensitive
transducer, and ‘double

balanced mixer’ give a Sl
stable, high perfor-
mance superheterodyne design.

KIT 861...........£34.99

ALSO AVAILABLE Built & Tested. .. £48.99

MOSFET MkIl VARIABLE BENCH
POWER SUPPLY 0-25V 2-5A

Based on our Mk1 design and
preserving all the features, but
now with switchin pre-
regulator for much higher effi-

iency. Panel meters indicate
Volts and Amps. Ful
down to zero. Toroidal mains
transformer.  Kit includes
punched and % rinted case and
all parts. As teatured in April
1994 EPE. An essential piece
of equipment.

variable
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Keep pets/pests away from newly
sown areas, fruit, vegetable and
flower beds, children's play areas,
patios etc. This project oroduces
intense pulses of ultrasound which
deter visiting animals.

e KIT INCLUDES ALL
COMPONENTS, PCB & CASE
e EFFICIENT 100V

ULTRASONIC PEsT SCARER

PEsT
SCARER

e UP TO 4 METRES
RANGE

SIMPLE PIC
= PROGRAMMER
KIT 857... £12.99
&, Includes PIC16F84 chip

disk, lead, plug, p.c.b.,
all components and

ggﬁﬂﬁfg'll'ng.EYRlNoAﬂrngLE OW C o

° oL URRENT xt 84 chips £3.84
TO HUMANS DRAIN = Plgﬂl?’:Su chp:3 99
KIT812.......cciiiiniiiiiiiienninees £15.00 s
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MAGENTA BRAINIBOT | & Il
o Full kit with ALL hardware m

and electronics

® As featured in EPE Feb '03 —
KIT 910

e Seeks light, beeps, avoids
obstacles

® Spins and reverses when
‘cornered’

e Uses 8-pin PIC

® ALSOKIT 911 - As 910
PLUS programmable from PC
serial port — leads and soft-
ware CD provided J

KIT 910 £16.99 KIT 911 £24.99

PIC 16F84 MAINS POWER 4-CHANNEL

CONTROLLER & LIGHT CHASER

e ZERO VOLT SWITCHING HARD-FIRED TRIACS
® OPTO ISOLATED 5 Amp WITH SOURCE CODE
® 12 KEYPAD CONTROL SPEED & DIMMING °OT.

EASILY PROGRAMMED
Kit 855 £39.95

PIC 16F84 LCD DISPLAY DRIVER

INCLUDES 1-PIC16F84 WITH DEMO Kit 860 £19.99

PROGRAM SOFTWARE DISK, PCB, R —

INSTRUCTIONS AND 16-CHARAC- Power Supply £3.99

HIERESCINE FULL ®ROGRAM SQURCE CODE
LCD DISPLAY SUPPLIED - OEVELOP

YOUR OWN APPLICATION!

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

16-character display, data, all components, and software o include in your own programs.
Ideal development base fos meters, terminals, calculators, counters, timers — Just waitng

for your application!

8-CHANNEL DATA LOGGER

As featured in Aug./Sept. ‘99 EPE. Full kit with Magenta
redesigned PCB - LCD fits directly on board. Use as Data
Lo?ger oras a test bed for many other 16F877 projects. Kit N
includes programmec chip, 8 EEPROMSs, PCB, case and alf components.

KIT 877 £49.95 inc. 8 x 256K EEPROMS

ICEBREAKER
0000000000

PIC Real Time
In-Circuit Emulator

@ Icebreaker uses PIC16FB77 in circuit debugger

@ Links to Standard PC Serial Port (lead supplied}

@ Windows™ (95+) Software included

@ Works with MPASM and MPLAB Microchip software

@ 16 x 2 L.C.D., Breadboard, Relay, I/O devices and patch leads supplied

As featured in March '00 EPE. Ideal for beginners AND advanced users.

Programs can be written, assembled, downloaded into the microcontroller and run at full
speed (up to 20MHz), or one step at a time.

Full emulation means that all IO ports respond exactly and immediately, reading and
driving external hardware.

Features include: Reset; Halt on externa! pulse; Set Breakpoint: Examine and Change
registers, EEPROM and program memory; Lead program, Sing.e Step with display of
Status, W register, Program counter, and user selected 'Watch Window' registers.

KIT 900 . .. £34.99

POWER SUPPLY £3.99 STEPPING MGTOR 100 STEP £9.99

Tel: 01283 565435 Fax: 01283 546932
Everyday Practical Electronics, October 2004

EPE TEACH-IN 2004

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

KIT 920...£29.99

ADDITIONAL PARTS — AS LISTED UNDER MISCELLANEOQUS - BUT
LESS RADIO MODULES, SOLENOID LOCK AND MOTOR/

GEARBOX.
KIT921...£12.99

EPE PIC Tutorlal V2

EPE APR/MAY/JUNE '03 and PIC RESOURCES CD

FOLLOW THIS SERIES WITH EPE PIC TOOLKIT 3

® THE LATEST TOOLKIT BOARD — 8, 18, 28 AND 40-PIN CHIPS
® MAGENTA DESIGNED P.C.B. WITH COMPONENT LAYOUT
AND EXTRAS
e L.C.D. BREADBOARD AND PIC CHIP INCLUDED
@ ALL TOP QUALITY COMPONENTS AND SOFTWARE SUPPLIED

KIT 880 . .. £34.99 WITH 16F84 OR BUILT £49.99
KIT 880 ... £39.99 WITH 16F877 OR BUILT £55.99

MARCH - APRIL - MAY '98
PIC TUTOR 1 EPE SERIES 16F84

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

PIC16C AND 16F - 6X, 7X, AND 8X
USES ANY PC PARALLEL PORT

USES STANDARD MICROCHIP e HEX FILES
DISASSEMBLER SOFTWARE

PCB, LEAD, ALL COMPONENTS, TURNED-PIN
SOCKETS FOR 18, 28, AND 40 PIN ICs

e SEND FOR DETAILED
INFORMATION — A
SUPERB PRODUCT AT Kit 862 £29.99
AN UNBEATABLE LOW
PRICE. Power Supply £3.99
PIC STEPPING MOTOR DRIVER ‘
INCLUDES PCB, Kit 863 £18.99
DEMO PROGRAM

' FULL SOURCE CODE SUPPLIED

%%%QFT‘FO%'SSC' ALSO USE FOR DRIVING OTHER
AND MOTOR. POWER DEVICES e.g. SOLENOIDS

Another Magenta PIC project. Drives any 4-phase unipolar motor — up to
24V and 1A, Kit includes all components and 100 step motor. Chip is
pre-programmed with demo software, then write your own, and re-program
the same chip! Circuit accepts inputs from switches etc and drives motor in
response. Also runs standard demo sequence from memory.

All prices include VAT. Add £3.00 p&p. Next day £6.99

E-mail: sales@magenta2000.co.uk
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Robots

Robot — automaton with human appearance; automatic mechanical device; machine-like person.

Robot — a mechanical man; a more than humanly efficient automaton; an automatic traffic
signal. [Czech robcta, statute labour; from Karel Capek’s play R.U.R. (1920).]

Robot — a mechanical device that can be programmed to perform a variety of tasks of manip-
ulation and locomotion under automatic control.

Three different interpretations of the word robot. The first from The New Little Oxford
Dictionary, the second from Chambers Twentieth Century Dictionary and the third from
McGraw-Hill Dictionary of Scientific and Technical Terms. The first two give what could perhaps
be described as a popular, non-technical interpretation of the word. They are, however, not what
I and, T guess, most other “technical” people think of as a robot. My own view is that a robot is
essentially a programmable device as described in the third definition. This means that the robots
in “Robot Wars” type encounters are not really robots at all but remote controlled fighting
machines.

Of course, the meanings or interpretations of words change over time and no doubt many
youngsters will think of Robot Wars devices when talking about robots, whilst older. non-techni-
cal, people may think of “a mechanical man”. It is obvious that the word is used in different ways
and covers a multitude of devices from humanoid automatons (androids), with or without intelli-
gence, to buggies like our Smart Karts, fighting radio controlled machines, robot arms and various
walking platforms ctc. even to “an automatic traffic signal”” — not sure where that one came from.

Our Robots — Special Supplement in this issue demonstrates the wide variety of devices now
available for what we know as robotics applications.

Smart Kart

Although our own Smart Kart presently lacks any manipulative ability it can be programmed,
has “locomotion uader automatic control” and will be extended over the coming months to give
it better vision and limited manipulation abilities. The designer, Owen Bishop, is planning a range
of developments which should see Smart Kart playing interactive games and learning about its
environment. The PIC brain used in the design comes from Microchip and constructors might be
interested in the Free Online Competition in this issue where Microchip have provided over

$2100 of PIC development tools as prizes.
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Constructional Project

Moon and Tide Clock

Calendar

John Becker

A pictorial guide to tracking moon and tide states throughout the year.

HIS article describes a novel design in

I which the phases of the moon and the

ebb and flow of the tide are shown on
a graphics liquid crystal display (GLCD),
along with clock and calendar data. It also
illustrates how a PS/2 PC keyboard can be
interfaced to a PIC-controlled circuit which
only infrequently needs to have its settings
adjusted, thus saving on the cost of the
pushbutton switches which would other-
wise be required.

A detailed discussion of interfacing a
PIC to a PS/2 keyboard, and also to a PS/2
mouse. was published in EPE August '04
(PIC to PS/2 Mouse and Keyboard
Interfacing).

In the application described now, the
keyboard is basically only required to set
the real-time factors for the Moon, tide,
clock and calendar. after which it can be
returned to the PC to which it belongs. It
may be re-attached to the PIC circuit at a
later date if required, to adjust clock timing
accuracy. for example. The various factors
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to be set are selected by pressing given key-
board keys, such as “M” for minutes or “Y”
for years etc, and then correcting the select-
ed values up or down by the use of the “+”
or “=" keys.

Current clock time is shown in 24-hour
mode, calendar information is displayed as
weekday, day of the month, month and
year. It automatically corrects itself for dif-
ferent month lengths, and for leap years. It
is not Millennium compatible as such
things do not actually bother us now (and
the Millennium Bug never significantly
intruded on our lives anyway)!

Well Phased

Moon status is displayed graphically,
mimicking what you actually see in real life.
Most Moon displays normally show only
four or eight phases per month — this design
provides a more detailed simulation, having
256 separate progressions from full Moon to
full Moon. With this degree of resolution,
you are unlikely to ever see the change from
one phase to the next, unless you actually
wait to see it, and that could mean a really
long wait (around three hours)!

Tide display is in a form of bargraph.

‘% When the tide is rising, a black triangle

slowly enlarges from nil near the
bottom of the screen, expanding
until its peak reaches the top
. of the screen. As the tide
then starts to fall, the
peak of the triangle is
slowly flattened,

the flatness progressively descending the
screen, until the tide has fully receded,
prior to rising again. Even from a distance
you can see the current state of the tide and
whether it is rising or falling

Just for fun, there is also an optional lit-
tle gimmick when high tide occurs -
revealed later! Simultaneously. the current
time is also shown below the tide triangle,
to the right, where it stays until changed at
the next high tide point.

Moon Calculations

We are (or should be!) aware that the
Moon orbits the Earth in an easterly direc-
tion, in a period which we know as one
month. As a rule of thumb, we probably
regard this period as taking 28 days. In fact
it is nearer to 29-53 days, although it varies
over the year, depending upon complex
gravitational factors, principally caused by
the Sun and our varying distance from it.

In the author’s Canute Tide Predictor of
June 2000, such factors were taken into
account for its assessment of the tides,
which are, of course, caused mainly by the
Moon, as further discussed shortly. This
Moon-Tide clock’s calculations are done
more simply, and are based on a continuous
unchanging Moon cycle, taken as 29-53
days, or 42524-05 minutes, or 2551443.-0
seconds per lunar month.

As said, the graphics display is capable
of showing 256 Moon states. A single
Moon state (segment) thus lasts for
25514437256 = 9966-5738 seconds (2
hours, 46 minutes, 6:57 seconds). In the
PIC program, a counter is set with the
whole number of seconds (9967) for one
segment. The counter is decremented (a
value of 1 deducted) every second. Each
time the counter rolls over to zero, it is reset
to 9967, and another counter is increment-
ed (a value of | added). Simultaneously, the
screen’s Moon display is updated to show
the new phase status.

Each of the 256 Moon segments has a
different curvature, to simulate the observed
changing shape of the Moon. The mathe-
matics behind this simulation are complex,
and based upon the sines of an angle of rota-
tion, of which there are 360 degrees in a full
cycle. Whilst it is possible (just about!) to
program a PIC to calculate sines. it was
decided that a simpler technique should be
employed, using a lookup table.
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QuickBASIC was used to do the actual
calculations, outputting to a disk file the
individual integer {whole number) results
for a simple curve of given diameter in rela-
tion to 180 degrees. These results were pre-
fixed by the PIC command RETLW, so
that the PIC software simply uses a looped
counter having 18C steps (angle positions)
and then accesses a table which returns the
value associated with that angle.

In fact, two tables are used, because what
is needed are the coordinates (x and y) at
which the screen should have a single pixel
set (black) or resat (normal clear back-
ground).

Lunamatics!
Hopefully, some of you will be

Flattening the Curve

When we view the Moon’s face, the
boundary (terminator) between light and
dark is seen as a curve whose radius
changes as the Moon orbits the earth.
Simulating this is actually somewhat easier
than might be supposed.

In the software, a multiplying factor
changes for each of tlie 256 phase posi-
tions. For the full external curve of the
Moon, the resulting answer is that for the
normal radius of the Moon (48 pixels
wide). At each subsequent phase, the
resulting value decreases horizontally (the
X coordinate gets smaller, while leaving the
Y coordinate intact).

Tideometry!

The relationship between the Moon and
the tides is, at one level, very straightfor-
ward — the Moon orbits the Earth while the
Earth rotates beneath the Moon. It should
be capable of software simulation using
simple equations, the Earth’s oceans
always being pulled towards the Moon’s
gravitational field, and swept around the
globe as a wave front. (In fact, it’s two tidal
wave fronts that actually exist, one on
either side of globe.)

Several factors prevent this simplistic
modelling portraying the true situation —
principally the influence of the Sun’s grav-
ity, and the land masses above and below

the seas and oceans. This was

interested in the maths behind
this, especially if you want to
draw a circle or ellipse on a
GLCD screen. In Fig.1 is shown a
circle and a right-angled triangle
drawn from the circle’s centre to
the perimeter. The angle used for
the calculation is that shown
marked as A. The line marked H is
the hypotenuse of the triangle and,
irrespective of the angle, its length
is always the same as the radius of
the circle.

[ T Y—y=

\ Co-ordinate
v

explained more fully in the
Canute article, and the software
of that design reflected this
greater complexity.

As with the Moon phase val-
ues, for this simple Moon-Tide
clock, a fixed average period
between tides has been used,
without reference to the Sun or
Moon. Using the same basic fig-
ures as with Canute, the average
period between one high tide and

The vertical line descending
from the point at which line H
meets the circumference is oppo-
site the angle and marked Y. The
horizontal line from the bottom of
Y to the centre is marked X, and is
the angle’s adjacent side.

Standard geometry tells us that
the sine of an angle has a value
equal to the length of the opposite
side (Y) divided by the length of
the hypotenuse (H), i.e.:

Sin(A) = opposite/hypotenuse

=YH
H = radius of circle
Y =Sin(A) x H
H2 = X2 +Y2

X = V(HE - Y3

0° and 89°
H = hypotenuse
Y = opposite

X = adjacent

A = angle, variable between

the next has been taken as
745-2361 minutes, i.e. 12 hours
25 minutes 14 seconds, or
44714166 seconds.

On the GLCD screen, 47 hori-
zontal lines have been allocated to
display the tide condition, rising
and falling. The full cycle from
one high tide point to the next
thus takes 47 x 2 = 94 positions.
Each position (segment) thus rep-
resents 44714-166 / 94 = 475-683
seconds (just under eight min-

sineA=Y/H

We know the length of H, the
radius of the circle, but we need to
know Y. The above equation can
be rearranged so that:

Y =sineA xH

This value represents coordinate Y at
which we wish to set or reset a pixel. But
we still need to know the horizontal posi-
tion for this pixel, coordinate X. This can be
calculated using tangents, but can equally
well be calculated using the formula:

hypotenuse? = opposite? + adjacent?. In
Fig.1 the adjacent side is X, the value we
need to know, so the above equation can be
rewritten as:

X =V(H>-Y?

We now have the X coordinate (the
GLCD’s horizontal line of pixels) and the Y
coordinate (the GLCD’s vertical line of
pixels). In the program, the X and ¥ coordi-
nates for angles 0° to 179° are held in two
separate tables. The software’s angle count-
er simply accesses the tables in turn and
returns with the two screen coordinates of
the pixel to be accessed.

For angles between 180° and 359° the
software uses the same values as those
between 0° and 179, the resulting X coor-
dinate being taken as a negative value.

It is worth commenting that the entire
suite of software routines for using a
GLCD was discussed in the author’s fea-
ture article Using PICs with Graphic
L.C.D.s (Feb '01). Those routines have
been imported to the Moon-Tide program
as a complete library file.

Fig. 1. Geometric principle used in the PIC’s software for cal-
culating Moon curves.

‘The multiplying value is also relative to
which “quarter” of the Moon is being
processed: no Moon seen, first quarter
(right side illuminated), full Moon, last
quarter (right side dark), no Moon, etc.

Note that even though the Moon's screen
diameter is only 48 pixels, it is still neces-
sary to use a loop that plots the curve posi-
tions for 180 degrees. This is because some
sections of the curve (those nearer the top
and bottom) need more than one pixel
set/reset on a given line.

Incidentally, in an early version of the
software, the Moon phases were original-
ly set at eight variants, as represented by
Jonathan Hare's interestingly simple PIC
Moon Clock of April '04. Putting that
type of image coding into a PIC turned
out to be complex, involving images first
created through Windows’ Paint and digi-
tised into lookup tables. Such techniques
were discussed in the author’s PIC World
Clock of Aug "02.

Having successfully done so, though,
there was a nagging feeling that a smoother
transition between phases could be
achieved with a bit of thought — which
turned out to be a lor of thought when
temptation was succumbed to!

The software files include the
QuickBASIC file (Cireltst.bas) which was
used to obtain the coordinates for the
GLCD circle plot.

Everyday Practical Electronics. October 2004

utes). To simplify the calcula-
tions, this has been taken as the
integer value of 476, representing
a theoretical accuracy of 0-0666%
(bare in mind that in nature the tides vary
by far greater amounts than this).

However, the program also takes into
account the timing between the high tide
points as well as individual segments,
resetting the tide segment counter in syn-
chronisation with the high tide period
counter, so effectively doubling the theoret-
ical accuracy to about 0-032%.

At fully low tide, the tide display area
of the screen is blank. At the first tide seg-
ment increment, a single pixel is activated
at the middle of the allocated tide area on
the lowest line, the apex of the forthcom-
ing triangle. At the next step, the first pixel
moves up one line, and the second line
displays three pixels. followed by five pix-
els at the next step. The triangle continues
to expand upwards by one pixel, and out-
wards by two pixels. The maximum base
width of the triangle is 64 pixels. Once
this has been reached, the upper triangle
continues to rise to its maximum of 47
pixels, but the base width remains at 64,
so a rectangle begins to form in the lower
part.
At the moment that the tide triangle
peaks at the top of the screen (high tide),
the current time in hours and minutes is dis-
played at the bottom right of the triangle,
and then remains unchanged until the next
high tide point, approximately 12 and a half
hours later.
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allocate those codes to
their respective key-
board notations and

ASCII equivalent
values. To the
untrained observer,

the relationship might
seem bizarre! It is,
though, the method
that has been widely
adopted, and is known
as the Scan Table 2
code.

In the Moon-Tide
clock the various cor-
rection functions have
been allocated specific
keyboard keys. On

Example display for a rising t/de W/th a fa/rly new-ish Moon.

Once the triangle kas peaked at the top,
its apex becomes progressively flattened as
the tide falls. a condition which continues
right down to the lowest display line, which
then disappears until the tide starts to rise
again, as described.

It is stressed that the tide displays on
the screen should never be used for any
situation which might endanger life. If
you really need to know the predicted tide
times for a particular location, consult the
Coast Guard (many seaside resorts also
have tide charts on view at seafront infor-
mation centres).

The tide displays on this clock are pure-
ly for general interest, indicating, for
instance, whether a morning or afternoan
trip to the coast might suit you better.

Keyboard Control

The Moon-Tide clock has been designed
solely for external adjustment via a PS/2
keyboard. No switches have been provided,
nor has :he software been written to make
use of them. It is emphasised that the key-
board must be a PS/2 type. This is the type
used with most modern PCs. They can also
be bought inexpensively from a PC retailer.

The principle of interfacing a PIC to
PS/2 keyboard and PS/2 mouse was
described in the author’s article referred to
earlier. A practical example of interfacing a
PS/2 mouse to a PIC was described in his
AlphaMouse Game of September '04. The
Moon-Tide clock is the follow-up design to
show a practical circuit contralled by a
PS/2 keyboard.

In essence, a keyboard can be interfaced
to any two PIC input/output pins. The pins
are buffered by two resistors of about 1kQ
and biassed normally high via two other
resistors, of about 10k€2. The keyboard has
two bidirectional lines. DATA and CLK
(clock), which are connected to the allocat-
ed PIC pins via the buffering resistars.
Power ta the keyboard is supplied by the
PIC unit’s 5V power supply.

Data is exchanged serially between the
keyboard and PIC, and the keyboard’s CLK
line synchranises its transfer. The PIC itself
does not generate any clock signals, it sim-
ply reads the status of the CLK line and
responds accordingly, inputting or aout-
putting serial data from/to the DATA line.
In many applications, including this Moan-
Tide clock, the PIC is simply required to
input keyboard data.

Keyboard data is coded in a complex
manner and requires a lookup table to
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receipt of the codes
for those keys, the
lookup table routes the
program to the required routine. The func-
tion modes are listed and discussed later.

While running, the program reads the
status of the two keyboard connection
lines. These are normally both held high by
the biassing resistors (allowing the key-
board to be disconnected when finished
with). If either line goes low, the software
assumes the keyboard wishes to send data
and immediately enters the keyboard data
receive routine. On receipt of the keyboard
scan code data, the lookup table is called
and the appropriate correction routine is
entered.

Keyboard data is continuously looked
for and processed accordingly. Any time
the ENTER key is pressed, the program
stores the mew correction values to the
PIC’s non-velatile EEPROM (electrically
erasable read-only memory). Even while
processing keyboard data, the PIC’s clock
and calendar (etc) routines continue to be
updated as usual.

Clock Counting

The PIC’s TMRO timer is set to rollover
50 times a second. Effectively (see later), at
each fiftieth rollover a seconds counter is
incremented. and if it has reached 60 (one
minute), it is reset to zero. A ripple effect
now ensues, in which the values for the
minutes, hours, days, weekday, month and
year are incremented as appropriate to the
value of the preceding counter.

The months counter when incremented
uses a table to set the number of days for
that month for the sake of the days
caunter’s maximum limit. While doing so,
the years value is
checked to see if a
leap year is current
and, if the month is
February, sets the days
limit to either 28 or 29
as necessary.

When the seconds
counter is increment-
ed, the tide and Moon
counters are decre-
mented, and when
either has reached
zero, it is reset to its
starting value and the
corresponding tide or
Moon phase display is
updated.

While the main pro-
gram is waiting for the
TMRO  timer to

rollover, it constantly reads the status of the
keyboard lines and immediately responds
to any change, so that there is an immediate
response to any keyboard press.

The action of plugging in or disconnect-
ing the keyboard does not interfere with the
program timing routines.

Further keyboard matters will be dis-
cussed after the Moon-Tide circuit diagram
and its printed circuit board assembly have
been described.

Circuit Description

The complete circuit diagram for the
Moon-Tide Clock Calendar is shown in
Fig.2. It is worth noting that it is almost
identical to that for the author’s PIC World
Clock referred to earlier. The only differ-
ences are that four extra resistors (R2 to
R5) have been added to suit the keyboard
input, and that the four previous switches
have been dropped. Indeed, the author’s
prototype Moon-Tide clock was actually
proved on the World Clock’s printed circuit
board, hard-wiring the extra resistors to it,
and ignoring the switches.

A PIC16F877 microcontroller (IC1) is
the active heart of the circuit. It is run at
3.2768MHz, as set by crystal X1 in con-
junction with capacitors Cl and C2.
Keyboard input is via socket SK2, with the
DATA line connected to PIC pin RAO via
buffering resistor R4, and the CLK line
connected via RS to pin RA1. Resistors R2
and R3, provide the required pull-up bias.

The GLCD display module (X2) is con-
trolled by PIC ports C and D. The pin use
order is identical not only to the World
Clock, but also to the original demo circuit
employed when the use of GLCDs was
described in the author’s Using Graphics
L.C.D.s of Feb "0l.

The GLCD requires a negative voltage as
well as a positive supply. This is generated
by the voltage inverter IC3, which outputs
a negative voltage of approximately -5V
when powered at +5V. Capacitor C7
smooths IC3’s output, and preset VR1 then
sets the current flow between IC3 and the
GLCD’s contrast setting pin, CX, so allow-
ing the screen display intensity to be
adjusted.

Provision has been made for the circuit
to be jointly powered by an internal 9V PP3
battery (B1) and an external 9V to 12V d.c.
mains adaptor connected via socket SK1.
Normally, the circuit would receive its
main power from the adaptor, with the bat-
tery supplying power in the event of a

Example display of a fall/ng tide, with a nearly full Moon.
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Fig.2. Complete circuit diagram for the Moon and Tide Clock Calendar.

mains power failure. Diodes D2 and D3
ensure that neither power source feeds into
the other. Capacitors C3 and C4 smooth the
input power supply.

Regulator IC2 reduces the input supply
to +5V, to suit ICl, IC3 and the GLCD.
Capacitors C5 and C8 help to stabilise the
5V supply lines. Power consumption is
around 22mA. The keyboard when con-
nected is also powered ait SV from the
regulated supply, typically taking about
another 80mA.

Following the publication of the World
Clock, a few readers questioned why a
lower power regulator had not been used in
preference to the 78LO05 regulator in that
design. They alsc wondered why the
GLCD and inverter IC3 could not be
switched off when the display was not
required for viewing. In principle, both
actions would help to conserve battery
power if the clock was in transit.

The answer is that the GLCD cannot be
powered-down without it subsequently
needing to be put through its initialisation
routine, the length of which could disrupt
the accuracy of the PIC’s clock timing rou-
tines. It is acknowledged, of course, that
another chip (PIC or dedicated real-time
clock timer) could allow this option with-
out timing disruption, but this option
was/has not been taken.

If anyone were to consider redesigning
the World or Moon-Tide clocks, there are
several real-time clock chips that could be
considered and the software amended to
suit them, and provide the standby power-
down option.

Because of the GLCD high power con-

sumption, the use of a lower power regula-
tor was not felt to be significantly benefi-
cial. It should also be noted that a 7805 1A
regulator has been used in this design in
order to provide sufficient current to power
the keyboard when connected.

COMPONENTS

Resistors
R1, R4, R5 1k (3 off) See
R2, R3 10k {2 off)
Potentiometer TALK
VR1 22k min. page
round preset
Capacitors
C1,C2 10p ceramic disc, 5mm
pitch (2 off)
C3 220uradial elect. 16V

C4, C5, C8 100n ceramic disc, 5mm

pitch (3 off)

C6, C7 224 radial elect. 16V

Semiconductors
D1 1N4148 signal diode
D2, D3 1N4001 rectifier diode
(2 off)

PIC16F877
microcontroller,
pre-programmed
(see text)

7805 5V 1A voltage
reguiator

IC1

IC2

As usual, the author has provided a pro-
gramming connector (TB1) for those who
wish to modify the software to suit their
own needs using his Toolkit TK3 pro-
grammer. Components D1 and R1 protect
the power line against adverse voltages
during programming. They should be

£58

7660 d.c.-to-d.c. voltage
converter

Approx. Cost
Guidance Only

IC3

Miscellaneous

SKi1 power socket for 9V
battery adaptor, p.c.b.
mounting

SK2 6-pin mini-DIN socket,
panel mounting

X1 3-2768MHz crystal

X2 PG*2864-F (or similar)

graphics l.c.d. module,
T6963-based)

Printed circuit board, available from the
EPE PCB Service, code 467; 8-pin d.i.l.
socket; 40-pin d.i.l. socket; PP3 battery
helder, p.c.b. mounting; 9V battery; 9V
battery adaptor, mains powered; plastic
case, 190mm x 110mm x 60mm (see
text); PS/2 keyboard (see text); 18-way
ribbon cable or pin-header connector pair,
p.c.b. mounting; mounting bolts to suit;
1mm terminal pins; soider, etc.
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retained even if re-programming is not
contemplated. —

Construction ® pra saTvERY HoVveR
The Moon-Tide clock is assembled on a &—
single-sided printed circuit board, whose a
component layout and tracking details are 03 ® ®
shown in Fig.3. This board is available X
from the EPE PCB Service, code 467. $+
Assemble in the usual order of compo- ® ®
nent size, starting with the few link wires, +SV
noting that some go under the IC1 and IC3 los oml— ., __m

8.0 woLR o SK1
socket positions. Leave the battery holder = \ (D]} ok p— A ]
| EOPS:: =
!
‘

Qo @ »0
Q- \ wQ
P4

until last. Correctly observe the orientation

of the polarity sensitive components as H o
indicated. Do not insert IC1, IC3 or con- NG —

nect the GLCD until the correctness of the T ==
5V regulated supply has been proved. Use IC3

Imm terminal pins for all off-board

. 0
connections. ch @
<>

Thoroughly check the assembled board COM
for component positioning errors and poor Ic2[f %+ I o @ g

IC1

soldering. <>
Any suitably sized plastic case can be

used; the prototype was housed in a simple

one measuring 190mm x 110mm x 60mm.
A rectangular cutout is needed in the lid to
suit the mounting of the GLCD, and two
holes are needed in the base to accept the
sockets for the power supply and keyboard

@
connector. ® [

First Tests
When power is applied, the PIC software

initialises various factors, including the i
GLCD. These factors include retrieving OV V, RO CD DO D2 D4 D6 FS
from the PIC’s internal EEPROM the initial

values relating to the clock, calendar, Moon TOGRAPHICL.C.O.
and tide display. Having done so, the main FG OV 45V V WR RD CE CD RST DO D) D2 03 04 D5 D6 D7 FS
screen is formatted. All factors at this time ‘ : : A : : ; : : 2 ; 2 1.3 : g ‘.6 ‘.7 :
are those last set by the author within the
source code (ASM file). TOP FRONT

The bottom two text lines show the clock GRAPHIC LCD.

and calendar data, the Moon display shows
the first segment of a new Moon, the tide is
shown initially rising fast from zero to S5 70 M)

nearly full (just for display interest), and is o o
then set to a half-way rise position. The

clock is now in full running mode. You will o o
probably need to adjust the GLCD’s screen
contrast setting preset, VR1, for the display IQI
to be visible.
Connect a PS/2 keyboard, whose l.e.d.s —)

will flash the moment that connection is h's
made and the keyboard’s own circuitry
receives power. Clock, Calendar and
Moon/Tide displays can now be set for the !
current time and date.

The first keyboard key worth using is 2 /
the question mark key (*?”). Repeatedly
pressing and releasing this causes the full g
cycle of correction mode headings to be oY |oco
shown at the right of GLCD text line 7 (out G | | O

4.0in (101.5mm)

o

o

o

o

o

o

o
of eight). 2 f = o

In addition to the mode heading itself, f e —— r\

o0 ).——o

the symbol of the key that individually calls L o
|

up that mode is displayed to its right. These
are the mode headings displayed:

Mode Key Function

TIDE Tide height adjust
MOON Moon phase adjust
HOURS Hours adjust
MINS Minutes adjust
SECS Seconds adjust o
DAYS Days of month adjust
MONTH Month (Lunar)
name/number adjust
Year adjust Fig.3. Component layout and master track pattern for the Moon and Tide Clock
Weekday adjust Calendar.

467

(]
(]

=]

YEAR
W-DAY

=< CQOwuzT#*-
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The modified World Clock p.c.b. used by

the published p.c.b. shown in Fig.3.

T-ADJ %  Clock timing accuracy
adjust

C-AD]J C (C for sea!) tide timing
accuracy adjust

M-ADJ 0O (O for orbit) Moon tim-

ing accuracy adjust

There are also five other functions whose
key notations are not displayed:

+ Increment value of selected
function

- Decrement value of selected
function

VA Reset seconds to zero

B Bird novelty display on/off (see

later!)

Store new values to PIC’s EEP-

ROM registers

ENTER

It will be seen from the above that the
modes are mainly called by their initial let-
ter keys. Because sorme modes have the
same initial letter, though, other keys have
been allocated tc access them.

When any heading is shown, the values
associated with that correction option can
be adjusted up or down by using the plus
(+) and minus (-) keys.

When changing values using the + and —
keys, note that there is a built-in restriction
which keeps the rate of change to a maxi-
mum of two per second. Whilst either key
can be held down to repeat the change of
value, this option should be treated cau-
tiously as it has been found that on rare
occasions the keyboard’s own repetition
rate has exceeded the ability of the PIC’s
half-second data reading to maintain syn-
chronisation, and brief “lock-up” has
occurred.

The reason is not known, but the PIC’s
restriction has to be maintained in order to
keep the change rate at a seasonable speed

that can be readily seen and reacted upon
by the user.

Setting Values

It is recommended that the values are set
in the following order:

YEAR (Y): The year value can be
cycled through 100 years, from 0 to 99.
The century prefix of “20” is not used or
displayed. The year should be set first
since a check is made for each value to
determine whether or not it is a leap year,
which the affects the maximum number
of days permitted when the month is
February (28 or 29). When the year count
reaches 99, the next increment via the
“+” key causes the year number to roll
over to zero; when it is at zero, the next
decrement via the “-” key causes a
rollover to 99.

MONTH (M): The month can be incre-
mented or decremented and is indicated by
the first three letters of its name, from JAN
to DEC, with the selection of February
being noted in relation to a leap year.
Rollovers are from DEC to JAN, and from
JAN to DEC.

DAYS (D): The day of the month can
be changed up or down. The maximum
upper limit is that appropriate to the
month. At the upper limit, the upwards
rollover is to a value of 1. Downwards
rollover from a value of 1 is to the maxi-
mum number of days for that month. As
said, February's maximum count is leap
year dependent.

WEEKDAY (W): Weekdays are shown
by the first three letters of their name, with
appropriate rollavers on a continuous 7-
step cycle.

HOURS (H): Hours are on a 24-hour
basis, rallovers 23 to 0, and 0 to 23.

MINUTES (M): Minutes rollovers are
from 59 to 0 and O to 59.
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the author when developing the Moon and Tide Clock Calendar. It differs slightly from

SECONDS (8S): Seconds rollovers are
also 59 to 0 and 0 to 59.

MOON (#): The Moon phase can be
changed forwards or backwards. The pro-
gression is slower than with the clock/cal-
endar changes as the software has to plot
180 points on the screen for each change of
value. There are 256 steps to the complete
phase cycle.

TIDE (T): Tide height can be changed
up or down and there are two program rou-
tines for it. One is for when the tide state is
being progressed forwards in time, the
other for when it is being receded back-
wards in time. This is because of the dif-
ferent way in which the display is shown
with regard to the upper section of the tide
triangle.

As said previously, when the tide is ris-
ing, the triangle peak rises up the screen;
when the tide is falling, the peak is pro-
gressively flattened. The rate of change in
response to the + and — keys is also slower
than with clock/calender changes, again
because of the number of software steps
required.

At the bottom right of the screen is
shown a number relative to the tide posi-
tion. When the tide rises from nil to full,
the number progressively decrements from
47 to (), and a rollover to 93 (one less than
94 because zero is also a used value), at
which point the tide is considered to be
falling. The countdown is then from 93 to
48, the lowest point of tide-fall, and at 47
the tide starts to rise again, back to zero
count.

It should be appreciated that the + and —
keys do not directly indicate the raising or
lowering of the tide display’s upper lines.
Rather, they should be regarded as tide time
travel forwards (+), or tide fime travel
backwards (-)! It will become apparent
when you use this mode.
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ZERO SECONDS (Z): Seconds can be
reset to zero simply by pressing key Z.

Timing Adjustments

As for any clock (unless triggered by the
frequency of the mains power supply)
adjustment to the actual rate at which the
seconds are incremented has to be adjusted
for accuracy. Even though this design is
crystal controlled, the true rate at which the
crystal oscillates can vary between individ-
ual units. For most applications these minor
tolerance differences do not matter. But for
a real-time clock they can become signifi-
cant over time.

A similar technique to that used in some
of the author’s previous designs has been
included with this Moon-Tide clock. As
mentioned previously, the PIC’s TMRO
timer has been set for a rollover every fifti-
eth of a second. An initial counter counts
these rollovers in batches of 25, i.e. it
counts half-seconds.

At each half second, a 24-bit value is
added to another counter. The uncorrected
value is hexadecimal number H’80 00 00°
(three bytes). When H’80’ (decimal 128)
is added to H’80’ the result is 256. With
an 8-bit byte, this results in the counting
byte being reset to zero, and a “Carry”
flag is set. In this clock, at each addition
of the three basic bytes, the Carry flag is
read and if it is set, the clock’s seconds
counter is incremented. If this rolls over
from 59 seconds to 0, a chain reaction
takes place, with subsequent clock/-
calendar values being incremented as
appropriate.

It will be seen that if the value added is
increased from H’80 00 00’ to H’80 00 01°,
the rate at which the seconds are incre-
mented is now speeded up slightly. On the
other hand, if the additive value is
decreased by one unit to H’7F FF FF’ the
seconds rate of increment is slightly
slowed.

The value of H’80 00 00’ is decimal
8388608. It can be changed upwards to
16777216, or decreased to just 1 (zero is
not allowed, because there would then be
no change following addition). The effect
of this range of possible additive values is
that the accuracy of the clock timing can be
very finely changed, by as little as
100/8388608% (0-0000119%).

When clock timing accuracy adjustment
is called using the “%” key (mode display
T-ADJ %), at the right of the bottom line is
displayed the difference between H’80 00
00’ and the value actually set. Without cor-
rection, a value of 0 will be shown. Using
the + and - keys, this correction can be
changed up or down in steps of one unit,
with a + or — symbol alongside.

In the first few days or weeks of putting
the Moon-Tide clock into service, do not
change the correction value. Instead, hav-
ing set the clock/calendar values to a
known time, periodically check the
GLCD time display against the current
true time. In due course, calculations can
be made on the difference between the
two values, and the correction counter set
accordingly.

Moon Rate Adjustment

The rate at which the Moon-Tide clock
triggers the Moon counter is dependent
upon the main clock timing routine’s accu-
racy just discussed. However, the rate at
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which the Moon counters change in
response to the main timer can also be
changed.

When “M-ADJ O” is selected using key
“O”, the right of the bottom screen line
shows the number of seconds between each
Moon phase segment (9967 unless previ-
ously changed). Should you ever find that
you wish to alter the Moon’s rate of
change, you can increase or decrease the
seconds base value to whatever value you
deem necessary.

Tide Rate Adjustment

As with the Moon rate, the tide rate can
also be adjusted if you ever wish to. When
“C-ADJ C” is selected using key “C”, the
value of 44714 seconds (or the previously
changed value) is displayed at the bottom
right of the last line. The value may be
changed to whatever you prefer.

Storing Values

When the ENTER key is pressed, all cur-
rent settings are stored to the PIC’s EEP-
ROM registers, where they remain even if
power is disconnected. In the unlikely
event that power is lost (your battery back-
up should keep the clock running correctly
for quite some time if mains power is lost),
when power is re-applied, the stored values
are retrieved from the EEPROM and
become the current values, While you will
have to plug in the keyboard and change the
clock values, the others will likely be still
relevant.

What is particularly important is that you
will not have lost the correction factors for
the clock, tide and Moon timings.

Novelty Ducking!

Just as a gimmick (and to entertain him-
self) the author decided to add a silly pic-
ture to the tide display at high tide — a bird
(duck or seagull?) taking advantage of the
high water. It’s a descendent of the swim-
ming bird shown in Demo 8 of the Using
Graphics L.C.D.s article referred to earlier.
It’s something that might entertain kids (as
well as the author!).

At the moment of high tide, this image is
superimposed on the tide display area. As
the tide then falls, the bird is gradually
erased until it is totally gone at low water
(“Mummy - help — Quacky’s drowning!”
Oh dear — ah well . . .). But it reappears at
the next high tide!

There is, though, the option to “extermi-
nate” the bird so that it does not appear.
Simply press keyboard letter B (for bird)
and the flag which activates the display at
high tide is toggled between on and off for
each pressing. If the bird is “active”, the
letter B is shown immediately prior to the
time of the last high tide, on line 7.

Final Ebb

Predicted tide times for your favourite
coastal area are usually posted on public
notice boards along the promenade at the
nearest resort. Yearly tide tables for select-
ed regions are available from local newspa-
per shops in that locality. National daily
newspapers frequently publish information
in respect of tide times at London Bridge,
along with “tidal constant” differences
between there and selected coastal towns.
Any of these sources will help you to set
the tide factor for the UK region of your
choice.

Valuable UK tide information can also
be obtained from the Proudman Oceanic
Laboratory (POL) via www.pol.ac.uk.
POL is the UK’s official tide prediction
organisation.

Additionally, there is an excellent web
site which has downloadable tide data soft-
ware for thousands of locations worldwide,
and which includes graphical displays of
real-time tide predictions. Browse
www.geocities.com/SiliconValley.
Horizon/1195/wxtide32.html.

Moon phase data is obtainable from all
the above sources, with the possible excep-
tion of POL.

Old Moore’s Almanac is also a useful
source for UK tide and Moon state predic-
tions throughout the year.

Finally, do note the use of the word pre-
diction in the above. Precise statements
about forthcoming tide states can never be
given. The actual states depend on many
natural phenomena, including weather con-
ditions, the erosion of the coasts, and the
silting of river estuaries.

All any tide predictor can ever be is a
guide to likely conditions. Fortunately,
Moon phase prediction is likely to be far
more reliable, at least in terms of conditions
over the next several thousand millennia!

Resources

Software, including source code files, for
the PIC Moon-Tide clock is available on
3-5-inch disk from the Editorial office (a
small handling charge applies — see the
EPE PCB Service page). It can also be
downloaded free from the EPE Downloads
page, accessible via the home page at
www.epemag.wimborne.co.uk. It is held
in the PICs folder, under PIC MoonTide.
Download all the files within that folder.

This month’s ShopTalk provides infor-
mation about obtaining pre-programmed
PICs, and the sourcing of components.

The PIC program source code (ASM)
was written using Toolkit TK3 software
(also available via the Downloads page)
and a variant of the TASM dialect. It may
be translated to MPASM via TK3 if
preferred.

The run-time assembly is supplied as an
MPASM HEX file, which has configura-
tions embedded in it (XT oscillator, WDT
off, POR on, all other values off). If you
wish to program the PIC yourself, simply
load this HEX file into the PIC using your
own PIC programming software and
hardware. O

o X o 2

Showing the optional novelty “duck”
that can be set to appear at high tide!

Everyday Practical Electronics, October 2004



A roundup of the latest Everyday
News from the world of

-

PHONES THEY ARE
A’CHANGING - AGAIN!

The old “dog n’ bone” is undergoing a 21st century makeover, as Barry Fox reports

HIS is the first time Alexander Graham

Bell would look at a phone system and
ask “what have you done to my idea? — |
don’t recognise it”, admits Matt Beal, the
man now responsible for making BT’s
phone system unrzcognisable to the inven-
tor of the telephone.

After 18 months of secret planning, BT
is spending £10 billion over five years on
becoming the first telecoms giant in the
world to convert a traditional PSTN (pub-
lic switched telephone network) to an IP
(Internet Protoccl) network. Instead of
switching direct voice connections
between users, the new 2lIst Century
Network will carry speech end-to-end as
packets of Internet data.

To make it more reliable, the 2ICN will
be quite separate from the Internet.

Market analyst Gartner Dataquest spots
this as a “major lift” for Marconi, because
the once-beleaguered company has been
chosen to supply squipment.

BT says the sea change will improve the
quality of service for those people who
install new equipment, and cause no prob-
lems for people who want to stick with
what they have got.

Emergency Problem?

But BT admits there is one key problem
still unsolved — how to guarantee an emer-
gency phone service if the lights go, during
a power cut or afier a terrorist attack.

2ICN trials start in Cambridge and
London this Octcber, with full UK
changeover beginning in 2006 and finished
by 2009. Extending the change worldwide
will be easy because BT's Global network
already uses IP 10 let large orgarisations
share data through 126 countries in Europe,
the Americas, Far East and Australasia.

Anyone with an Internet PC can already
use it with a microphone or modified phone
to make free voice calls to anyone else with
a similar system (New Scientist 11 Oct '03,
p 24). Speech is sent as packets of data, like
instant email messages. Enterprising taird
parties, such as Comcast or Vonage in the
US, charge a few cents a minute to connect
IP calls to existing PSTN networks and
phones. It is not even necessary to use a PC
to make IP calls; a standalone Internet
Access Device plugs by Ethernet network
cable between a broadband modem and an
ordinary telephore handset.

Money Talks

The incumbent telecoms giants have still
been making money, because people were
paying them by the minute to connect to the

Internet. But all-ycu-can-eat broadband serv-
ices, charged by the month at a flat fee, is cut-
1ing the telecoms operators out of the VOIP
revenue stream. It also puts an ever-heavier
burden on the Internet. Voice over IP calls
can sound disjointed and distorted as packets
of data are delayed and lost by congestion.

“The holistic change from PSTN to IP is
now inevitable. So let’s attack it and make it
happen. All the other majors, like France
Telecom and Deutsche Telecom are sitting
on the touchlines. But once BT duoes it, the
rest of the world will follow™, says Matt
Beal, whe came to BT as Director, 21CN
implementation and strategy, “bleeding”
from the experience of running a small VOIP
start-up company in the US, called NexBell.

By using its own IP network. and not
relying on the Internet, BT hopes to sell the
promise of a more reliable and cheaper
voice service, along with broadband
access, video on demand, FM quality
radio, automatic re-direction of speech
calls and data to mobiles — all down a sin-
gle pipe into the home or office. Voice
messages left on a network store can be lis-
tened to by phone, sent as sound files to an
email address, or converted by speech
recognition software into a text message in
the same or different language.

The IP pipe can be existing copper wire,
as used for ADSL, or fibre, or a Wi-fi
802.11 radio link, or even a 3G phone.
New phones, looking and behaving like
existing phones, will have computer and
modem chips inside to decode IF data into
analogue speech.

Surround Sound Phones?

Because 2ICN is independent of the
Internet, it can use the new IP Version 6,
which allows more user addresses and
gives speech priority over other data.
Initially all BT's VOIP calls will get the
same 64Kbps data rate used for today’s
digital PSTN calls. Higher data rates will
upgrade mono to stereo or even surround
sound, with FM radio quality.

Who could possibly want surround
sound for a phone call? A conference call
makes a lot more sense when speech from
different callers comes from different parts
of the room.

If people do not want to be part of the
brave new IP world, the local exchange can
convert IP to analogue and send it down
existing copper wires, to ordinary phones.

If an IP network subscriber wants to call a
rhone in a country which is still in the PSTN
age, the call is converted into PSTN format
by gateways at the edge of the IP network.
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Power-Loss Emergencies

But what happens when mains power is
lost? Conventional phones are powered by
a 50V low current supply fed down the
copper wire. So they work in a power cut.

Glass fibres cannot carry power, so need
copper wires wrapped round them. But
VOIP phones and PCs will often need
more current than the current PSTN system
delivers. Wireless links need power for
reception as well as IP decoding, so will
fail completely in a power cut.

BT is now researching the use of
rechargeable batteries, to go in all con-
sumer IP hardware. The batteries are con-
tinually topped up from the mains. But
rechargeable batteries degrade; after a year
or so they hold less charge. People cannot
be relied on to replace them.

“We are confronting the issue and are
confident we can solve it”, says Matt Beal.
But BT is not yet sure how.

Telecoms regulator OFCOM is blunt. *“It
is an absolutely essential legal obligation
that anyone using a telephone phone serv-
ice must be able to access lifeline services
like 999, 112, the operator or directory
enquiries” says Matt Peacock, OFCOM’s
Director of Communications. “We don’t
care how they solve the problem but they
have to do it to stay within the law. This is
not a grey area. It is not negotiable™.

FLIPPER DISC

The music industry now has the green
light for a new kind of hybrid disc, nick-
named the “flipper”, that plays like a music
or data CD from one side and a video or
data DVD from the other.

At a meeting in Seattle recently the DVD
Forum formally approved the idea of bond-
ing a thinner-than-usual CD, back to back
with a thinner-than-usual DVD. The com-
plete sandwich is still thicker than ordinary
CDs or DVDs, though, and may jam in
some players. The laser optics in the play-
er may not be able to focus accurately.

The Forum is still trying to decide
whether the new discs can carry the famil-
iar DVD logo. Philips, which controls CD
licensing, has already decided.

Says Philips: “A CD of about 0-9mm
thickness does not comply with the CD
specification. So the CD logo cannot be
used. We strongly advise the (record) labels
and disc manufacturers to apply a clear
warning on the package that informs con-
sumers of possible playback problems.”
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METER POWER

Lascar Electronics has recently launched a meter module that can measure any volt-
age from 4V to 25V d.c. with no extra supply needed. As the meter is signal powered,
most applications can be measured using only swo connections tc the easy-to-use ter-
minal blocks located on the rear of the module.

Housed in an attractive slimline design. the meter also has a vivid l.e.d. backlight that
can be powered from an external 5V source. The |.c.d. features an 18mm digit height.
The basic price is £24.95 + VAT, with discounts available for volume orders. The SP5
1200-BL is IP67 rated and splashproof.

For more information contact Lascar Electronics Ltd, Dept. EPE, Module House,
Whiteparish, Salisbury, Wilts SP5 2SJ. Tel: 01794 884567. Fax: 01794 884616. Web:
www.lasear.co.uk.

FAST
COMPONENTS

FAST Components Ltd is a new compo-
nent supplier targeting hobbyists with its
brand new range of component kits, offer-
ing “a fresh and more economic way to
buy components”.

“We sell brand new component kits,” say
co-founders Thomas Arundel and
Tsuyoshi Kihara. “As former product
designers we were frustrated with the time
and effort it took to build up a decent stock
of bench-top components. Once we started
investigating a supply chain, we realised
that we could sell kits of commonly
required components at one-third of the
price that those same components would
cost separately.”

Fast Components have opened their
range with kits containing 1000 1% metal
film resistors spread over 93 values; 240
50V ceramic capacitors spread over 24 val-
ues; 93 radial electrolytic capacitors spread
over 12 values; 100 miniature polyester
capacitors spread over nine values. The
resistor kit retails at £9.99, and the capaci-
tor kits at £4.99. “We plan to follow-up
with more passives, SM kits, mechanical
hardware and semiconductors”, says
Thomas.

For more information contact Fast
Components Ltd, Dept EPE, Winchester
House, Winchester Road, Walton-on-
Thames, Surrey KT12 2RH. Tel: 0870 750
4468.

Fax: 0870 137 6005.

Email: sales@fastcomponents.co.uk.

Web: www.fastcomponents.co.uk.

PicoScope 3000 Series
PC Oscilloscopes

The PicoScope 3000 series oscilloscopes are the latest
offerings from the market leader in PC oscilloscopes
combining high bandwidths with large record memories,
Using the latest advances in low power el2ctronics, the
oscilloscopes draw their power from the USB port of any
modern PC, eliminating the need for mains power.

» High performance: 10GS/s sar.np’lil'iyﬂce\

& 200MHz bandwidth ——
* 1MB buffer memory e g—
* Advanced display & erigger—mudes
* Compact & portable
* Supplied with PicoScope (oscilloscope/spectrum

analyser) & Picolog [data acquisition) software.

Tel: 01480 396395
www.picotech.com/scope204
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AL Atlas House, Kiln Lane
) www.peakelec.co.uk i Bocton
Derbyshire, SK17 9JL, UK

electronic design Itd €A |es@pea kelec.Co.UK 120570012 Fo1298 70046

Passive Component Analyser
Automatic ldentification
and Measurement

Inductance: 1uH to 10H <&
Capacitance: 1pF to 10,000uF
Resistance: 102 to 2MQ
Basic accuracy: 1%

“Astonishingly, this little unit
seems to pack most of the pusich
of a large and very expensive
automated LCR bridge
into its tiny case.”

Andy Flind - EPE Magazine

—

£60/,

fdtiss ine s

Automatic Pin-out Identification:
Just connect any way round!

Transistor gain measuvrement
MOSEET gate threshold nicasurement
PN junction characteristics measurement
Shorted Junction identification
Transistor leakage measurement
Auto power on‘off

Bipolar transistors, Darlington transistors.,

e Diode protected transistors, Resistor shunted transistors,
Enhaacement mode MCSFETs. Depletioan mode MOSFETS,
§ Junction FETs, Diodes and diode networks.,
-

LEDs (1bicelours)
cnclosure colours may yvar

i

LCR40 and DCAS5 Pack
Why not order ‘both.analysers in the L
NEW special edition carry case 2

and save yourself £20! otal Sl |

Visit www.peakelec.co.uk ‘0 download the data sheets, usel"guities and copies of independent Also avalable from Farnell,
reviews. You can pay using a cheque, postal order, credit or debit card and even pay securely Maplin, Rapid and CPC
online. Please contact us for your volume requirements. (prices vary)
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Daddy or Chips?

With rich content and bloatware demanding ever more bandwidth -
how can we cope? asks Andy Emmerson.

cial, the choice was simple — daddy

or chips. As decisions go, it was a
tough one but at least she had all the facts
at her fingertips. The choice for people
looking to cable their homes and offices is
one of three alternatives, not two, in a
world where the technology options are by
no means clear-cut.

Glossy Home Automation

A look along the shelves of most
newsagents will reveal at least two glossy
monthlies devoted to the automated home,
a key element of which is some kind of
fancy network systems for audiovisual
entertainment, PC networking, Internet
access and general domestic automation of
heating, lighting and alarms.

The appeal is largely “aspirational” and
for many readers the notion of fully-
equipped homes is little more than a distant
dream, but there’s enough trade in these
systems to keep a number of firms in busi-
ness. On a smaller scale, many computer
users have already data-networked their
homes using either cables or a wireless sys-
tem and of course the same applies to just
about every commercial business.

But where is this all leading? Are cabled
solutions old hat? Is wireless the answer?
Or should we be looking along the lines of
optical fibre? And is the answer the same
for all users?

One Size Fits All?

Much as everyone might like, where
networking’s concerned, the universal
solution doesn’t exist. The separate tech-
nologies of copper cable, optical fibre and
wireless networking exist in their own
right for a mighty good reason, simply
because each solution has its own merits
and applications where neither of the
others would be as appropriate. Each also
has its limitations.

Let’s take wireless first. It's sexy and has
considerable appeal to anyone looking for
an easy, quick-fix solution. There’s no
drilling through walls and if you move, you
just unplug the wireless kit and go. It’s
great for home users and even better for
commercial users, eliminating the spaghet-
ti junction of under-desk cabling, making
offices tidier and avoiding the cost and
time overheads that moves and changes
bring.

Equipping two or three PCs at home for
wireless networking won't break the bank
for most people, but Wi-Fi systems are not
cheap to install on a commercial scale.
Industrial-quality kit is not cheap and to
achieve rock-solid wireless coverage addi-
tional apparatus is often needed to elimi-
nate “black hole” reception areas.

FOR the little girl in the TV commer-
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What’s more, wireless LANSs lag behind
copper and fibre in terms of data rate
capacity and there are no signs of this
changing. Many users find difficulty in
managing the security aspects of WLANs
too, making them a decidedly risky option.

Fibre is Good For You

This is true, although few nutritionists
would advocate an all-fibre diet. The same
applies to networking and most observers
consider a system using optical fibre
cabling technically elegant but otherwise
unwieldy. For home users optical cable is
hardly a practical proposition; the connec-
tions require skills that only trained
installers possess. In the office environ-
ment an all-optical system, with fibre cable
installed from the server all the way to the
desk or workstation could make economic
sense if not for the cost of the adapter
equipment that interfaces user devices to
the fibre.

Most active equipment (switches and
servers) ship currently with copper inter-
faces, as does nearly all desktop equip-
ment. The cost of fitting fibre adaptors to
all this equipment would wipe out any
operational benefits.

This is not to say that fibre has no place
at all in the commercial networking envi-
ronment and fibre is definitely the appro-
priate solution for the “backbone™ links
between floors of a building and from one
building to another on larger sites. In other
applications copper still dominates the
world market for voice and data cabling
and all indications point to this tried and
trusted technology remaining the safest
strategy for most users.

Copper Bottomed

Copper has in fact been synonymous
with cabling from the very beginning of
electrical communication in the 1830s.
Some 150 years later copper began to lose
out to optical fibre and its greater band-
width, which was fine for inter-city and
intercontinental communication but hardly
the tool for cabling homes or offices.

This summer copper caught up to a
major extent and the launch of a copper
cabling system delivering 10 Gigabit/s
(Gbit/s) data transmission now means that
copper is neck-and-neck with fibre for
speed for local networking. Factor in the
installation advantages of copper and you
can see why commercial users are having
to reconsider their networking strategies.

Brand-named CopperTen and made by
the international company Krone, this
remarkable cabling product is able to carry
10Gbit/s Ethernet signals for spans of 100
metres, adequate for any normal office or
industrial application. Being a direct

replacement for the existing standard for
office systems, Category 6, full backward
compatibility is assured. No new installa-
tion techniques are involved, so deploy-
ment will not be delayed by the need to
learn new skills.

If, like me, you were wondering just how
many applications for 10Gbit/s networking
exist in the real world right now, I'll tell
you the honest answer is probably none.
But that’s irrelevant. Moore’s law, stating
that computing power doubles every 18
months, has a powerful knock-on effect on
networking. Computers are being changed -
every two to four years, and active network
equipment replaced every four years.

You wouldn’t expect to change your
plumbing this frequently, though, and nor
do users want to change their cabling infra-
structure, simply because of the disruption
that renewal creates. In fact most organisa-
tions find the opportunity to cable a build-
ing or floor only once every seven to ten
years, meaning they must seize any avail-
able opportunity to futureproof their instal-
lation. On that basis, installing data cable
that’s good for 10Gbit/s makes sound eco-
nomic sense, particularly when you realise
that cabling costs are only a minor factor in
the total cost of networking.

Wider World

So much for communication within the
home or office — what about the world out-
side? The answer once again is horses for
courses.

A decade or so ago technology guru
Nicholas Negroponte set the cat among the
pigeons when he claimed that wires and
wireless would change place. Tasks tradi-
tionally performed by radio (such as broad-
cast entertainment distribution) would turn
increasingly to cable, he argued, whilst a
wirefree future beckoned for communica-
tion functions previously handled exclu-
sively by wired means.

Modestly, he called this turnabout the
“Negroponte Switch™ and to a degree his
prediction has come true. More recently he
has clarified his reasoning and now he
argues that both wired and wireless tech-
nologies have their place, with wireless
being the ideal “transport mechanism” for
short-haul communication that’s essential-
ly personal or private.

And this of course just has to be right.
There's a huge network of copper cable
installed already and the huge success of
ADSL delivery of broadband shows that
there’s plenty of potential left in copper.
For users on the move there’s no real alter-
native to wireless; no other technology can
satisfy customers’ growing demands for
access to an increasing range of services
while retaining their personal mobility.
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BS2-IC BS2-SX BS2E-IC BS2P/24 BS2P/40

Parallax BASIC Stamps - still the easy way to get your project up and running!

Serial Alphanumeric and Graphic Displays,
Mini-Terminals and Bezel kits

www.milinst.com

Animated Head 3-Axis Machine Six-Legged Walkers _ Robotic Arms

Robotic models for both the beginner and the advanced hobbyist
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INGENUITY

Our regular round-up of readers' own circuits. We pay between
£10 and £50 for all material published, depending on length
and technical merit. We're looking for novel applications and
circuit designs, not simply mechanical, electrical or software
ideas. Ideas must be the reader's own work and must not
have been published or submitted for publication else-
where. The circuits shown have NOT been proven by us.
Ingenuity Unlimited is open to ALL abilities, but items for
consideration in this column should be typed or word-
processed, with a brief circuit description (between 100 and
500 words maximum) and full circuit diagram showing ail
component values. Please draw all circuit schematics as
clearly as possible.

Send your circuit ideas to: Ingenuity Unlimited, Wimborne
Publishing Ltd., 408 Wimborne Road East, Ferndown Dorset
BH22 9ND. (We do not accept submissions for /U via E-mail.)

Your ideas could earn you some cash and a prize!

High-Efficiency L.E.D. Torch -

THE high forward voltage of led.:s is a
challenge for efficient battery use. In the
circuit shown in Fig.1a, a 74HC14 inverter is
used to “double” the voltage of a 6V
rechargeable ex-mobile-phone battery and
drive a string of three 5mm l.e.d.s. The oscil-
lator around ICla and IC1b generates a
square wave at about 2-8kHz, and its output is
buffered by IC1c and IC1d used in parallel to
maximise current to the doubler.

Booster

WIN A PICO PC BASED

OSCILLOSCOPE WORTH £586
¢ 100MS/s Dual Channel Storage Oscilloscope
¢ 50MHz Spectrum Analyser
o Multimeter @ Frequency Meter
o Signal Generator
If you have a novel circuit idea which would be
of use to other readers then a Pico Technology
PC based oscilloscope could be yours.

Every 12 months, Pico Technology will be
awarding an ADC200-100 digital storage
oscilloscope for the best IU submission. In
addition, a DrDAQ Data Logger/Scope worth
£69 will be presented to the runner up.

two spare inverters, ICle and IC1f, which can
be wired as shown in Fig.1b. They provide
variable-duty voltage pulses which directly
drive a logic-level MOSFET and the string of
three l.e.d.s, D7 to D9, via current limiting
resistor R8.

With resistor R7 and potentiometer VRI
setting a total resistance of 3-9MQ, the fre-
quency is 15Hz at 20% duty cycle. At 3m

Doubly Flaslhy

distance from the subject the illumination
appears continuous, but closer in the flicker is
very obvious, like a strobe. Negotiating con-
fined spaces, e.g. a spiral staircase, by this
light is a challenge as the walls move as you
climb. The output voltage is about 10-8V with
a 0-8V ripple at the pulse frequency. The out-
put current is limited by the inefficiency of
the doubler.
Increasing the frequency to
35Hz (R7 + VR1 = 1-6MQ) results
in 35Hz, producing a good light,

Using a 6V supply and with
IN4148 diodes in the rectifier,
which comprises D1 and D2 plus
capacitors C2 to C4, results in a
rectified voltage of 9-6V having a
12mA output capability for a
24mA supply current — an electri-
cal efficiency of over 80%. Using a
6-3V battery the output voltage is
10V and the available current
increases to 16mA.

If Schottky diodes are used for
D1 and D2, there is an increase in
voltage of 100mV, resulting in a
20% increase in available current,
to 19mA (6-3V supply), at similar
efficiency, and a much brighter
light. Using these diodes there
might be benefit in increasing the
oscillator frequency substantially.
This is set by the values of R1 and
Cl.

At night, the torch casts a pool
of white light two metres wide to
a range of over 6m without a
reflector, perfect to walk by. Side
leakage is useful but seal the
l.e.d.s at the rear as back-scatter is
irritating. Nearby colours are
vibrant compared with the gloomy
monochrome of incandescent
torches.

Pulsed Light

Anecdotal evidence suggests
that a subjectively brighter light is

even to read by, though some
flicker can still be seen as the duty
cycle is 30%. Average current con-
sumption is 21mA at 6-3V, with an
l.e.d. current about 28mA.

Right Choice

In this application, 40106 or
74C14 CMOS chips are so
markedly inferior to the 74HC14
that they are unsuitable. The pub-
lished maximum voltage rating of
an 74HC14 is 7-0V. The high ini-
tial voltage of a freshly charged
battery may be tamed to within
this limit by switching in a diode

(e.g. IN4001) until the terminal
voltage has fallen somewhat.

John Crichton,

Orange 2800, Australia

Warning

Be warned that flashing at
frequencies in the 7Hz to 10Hz

obtained by low-frequency pulsing
the l.e.d.s at currents higher than
their continuous rating. There are

694

Fig.1. Circuit diagram for a High Efficiency L.E.D. Torch.
a) basic circuit. b) pulsed circuit.

range is irritating and should be
avoided as it could trigger an
epileptic attack.
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Temperature Controller - 5ot
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Fig.2. Circuit diagram for a water Temperature Controller. The relay contacts must be rated according to the appliance being

controlled.

HE circuit diagram in Fig.2 shows a

simple yet highly efficient circuit for
controlling water temperature. The heart of
the controller is ar LM311 op.amp used as a
comparator, and naving an open-collector
output, allowing a relay to be driven directly
from it. The opamp senses the voltage
across thermistor R2, which is a 100kQ at
25°C device. Potentiometer VRI sets the
comparator’s “window” for a temperature

between 5°C and 95°C. The set temperature
can be maintained within a variation of
+0-2°C.

Initially adjust VR1’s wiper towards the OV
end. To set a temperature of, say, 40°C, heat
the water to this temperature, measuring it
with a normal thermometer. Then carefully
adjust the wiper of VRI slowly towards the
+VE end until the output state of IC1 pin 7
goes low.

Once fully wired up, the circuit will turn on
the relay when the temperature is below the set
point, and turn it off again once the temperature
has reached the required setting. If desired, the
potentiometer’s knob can be calibrated.

This mains electricity circuit must only
be constructed by those who are suitably
qualified or supervised.

Ejaz ur Rehman,
Islamabad, Pakistan

Glitch-Free Switching - Clean

REQUIREMENT in an aircraft simulation

project was to produce a short but clean
clock pulse each time the operator charged
the position of a single-pole changeover
switch (actually the undercarriage lever in a
cockpit). This resulted in the development
and verification of the simple circuit shown in
Fig.3.

It has generaliszd application to any situ-
ation where events must be triggered from
a changeover switch, especially if the
designer is obliged to use whatever switch
already exists and has no choice regarding
its specification.

Switch S1 is the toggle, its two detented
positions being referred to as Up and Down.
To the human eye, it appears to be function-
less as either position will connect the select-
ed output pole to OV (ground). However,
ingenuity in the design recognises that logic
circuits react vastly more quickly than
humans. What is actually seen at ICI pin |
(trigger input) is a low voltage changing
briefly but significantly to a high while the
switch is in transit (the pull-up resistor R2
sees to this) and then reverting to low again
when the switch once more comes to rest.

Each high to low transition_triggers the
monostable IC1 whose output Q is normally
high. The monostable’s output pulse here is
low and very short, determined by capacitor
C1 and resistor R3. This is still long enough
to cover S1’s contact-bounce, the monostable
being a non-retriggerable type.

Summary

In summary, the instant that S1°'s moveable
contact touches a pole, it triggers a negative-
going pulse, typically of many tens of mil-
liseconds, from IC1. This pulse can then trig-
ger any further logic as required, such as a
555 timer to produce a long time period, for
example. The positive-going pulse from out-
put Q can also be used, depending on the
application.

O N= 7] 37
PANNY)) gg A\ Z@ ,g =
oSN =

“RAW" UP-GOING TRIGGER
o 1o
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16 R3
— . 27k
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Fig.3. Glitch-Free Switching circuit diagram.

To demonstrate the flexibility stemming
from this approach, another (non-clean,
“raw”) trigger has been tapped off from the
UP side of S1. This means that another mono-
stable could be triggered selectively at the up-
going switch movement, isolated from the
effects of the down-going movement by

diode DI1. Whilst in isolation, this signal is
still pulled up by R1. A similar extension
could offer selective triggering on down-
going movements only.

Godfrey Manning G4GLM,
Edgware, Middx

INGENUITY UNLIMITED N
BE INTERACTIVE i

IU is your forum where you can offer other readers the \ Vs ,‘,P
benefit of your Ingenuity. Share those ideas, :
earn some cash and possibly a prize!
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EPE READER ONLINE COMPETITION

WIN MICROCHIP
DEVELOPMENT TOOLS!

Everyday Practical Electronics is offering its readers the chance to
win five development tools from Microchip. Worth over $2,100

The first prize is an MPLAB ICE2000 In-Circuit Emulator (ICE) and the four runner up prizes
are Microchip’s new PICkit 1 Flash Starter Kits.
For the chance to win one of these development tools, log onto
www.microchip-comp.com/epe and enter your details in the on-line entry form.
All entries must be made on-line before November 15th 2004

The Microchip MPLAB ICE2000 is a high-end, full-featured
emulator that provides higher-performance emulation capabili-
ty for PICmicro MCUs, reducing development and debugging
time.

MPLAB-ICE 2000 is worth $2000 and is small, portable and
lightweight. It offers real-time in-circuit emulation to maximum
speeds of up to 33MHz and emulation down to 2.0 volts. It is
CE compliant, features full speed emulation, low voltage oper-
ation, software configurable voltage and clock, parallel port
interface, interchangeable processor modules and device
adapters, and unlimited software breakpoints. It has a 32K by
238-bit trace, and includes sophisticated trace analysis, com-
plex breakpoints, and the ability to monitor internal registers.

= The emulator system runs on the Windows-based MPLAB

Integrated Development Environment (IDE), which gives devel-

opers the capability to edit, compile and emulate from a single user interface. The MPLAB desktop provides the

development environment and tools for developing and debugging applications as a project, allowing quick move-
ment between different development and debugging modes.

The new PICkit 1 Flash Starter Kit is a low-cost ($36), easy-
to-use programmer, evaluation and development kit for the
company’s 8-pin and 14-pin Flash-based microcontrollers.
Supporting the PIC12F629, PIC12F675, PIC16F630 and
PIC16F676 devices, the PICkit 1 Flash Starter Kit gives users
the benefits of creating advanced microcontroller designs for a
very low price.

The kit includes a 3-inch by 4-5-inch printed circuit board
featuring a USB-powered programming tool that runs on a per-
sonal computer. The board’s evaluation area features eight
l.e.d.s, one potentiometer, one switch and a sample 8-pin
PIC12F675 Flash device. The development area features a
snap-off prototype board that enables users to connect exter-
nal circuitry to the microcontroller for quick set-up of an
application-specific prototype. Programming the PICmicro Flash microcontroller is provided by the standalone
graphical user interface.

The kit also includes a CD-ROM containing a user’s guide with tutorials and example software code, the MPLAB
Integrated Development Environment with HI-TECH PICC Lite C compiler, Microchip’s Software and Hardware
Tips n’ Tricks for 8-Pin Microcontrollers and a USB interface cable.

Competition entries must be made on-line before November 15th 2004.
The names of the prizewinners will be published in the January 2005 issue of EPE.
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INTELLIGENT ELECTRONICS START WITH MICROCHIP

Thought you couldnj;

—

3§ {

mlcrocontroller In your
_‘Thmk agam'

(S

PIC10F200 Flash 3a4 6 6 0
PIC10F202 Flash 768 24 6 0
PIC10F204 Flash 384 6 6 1
FIC10F206 Flash 768 24 6 1

Thought you couldn’'t use a microcontroller in your
design? Think again! Microchio has packed a high-
performance 8-bit PIC” microcontroller into a tiny 6-pin
SOT-23 package. The PIC10F solves cost or board
space problems in your applications. Fully code-
compatible with larger PIC microcontrollers, you can
start developing today with Microchip’s existing

W
[ =) . FARNELL
mvicRocHie  N\\NOUV. mo

Arrow Electronics
Tel: 01279 626777
Fax: 01279 455777

Farnell In One
Tel: 08701 200200
Fax: 08701 200201

www_buymicrochip.com

The Microchip name, logo and PIC are reg Y
OMMMTMMMWMMHW ld

FUTURE
ELECTROMIOS
Future Electronics
Tel: 01753 763000
Fax: 01753 767745

The World’s Smallest 8-Bit Microcontroller - The Microchip PIC10F Family

1-8 bit, 1-WDT SOT-23 yes 4 MHz
1-8 bit, 1-WDT SOT-23 yes 4 MHz
1-8 bit, 1-WDT SOT-23 yes 4 MHz
1-8 bit, 1-WDT SOT-23 yes 4 MHz

development tools, including the MPLAB® Integrated
Development Environment (IDE) that can be
downloaded FREE from the Microchip website. First
choose the PIC10F and then create your design!

Go to buy.microchip.com or contact your local
distributor today.

11
Memec

Memec Unique
Tol: 01296 332376
Fax: 01844 210929

MICROCHIP

www.microchip.com/pic10F

) in the USA and other
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Robert Penfold

INTRODUCING VB.NET AND VB 2005 EXPRESS

IT was originally intended to start a
series of parallel port add-ons this
month, but developments on the soft-
ware front have delayed the start until
next time. The Interface articles have
been dominated by software issues for
some time now, and this has been mainly
in response to requests from readers for
information or help in sorting out prob-
lems.

It has to be pointed out that much of
the requested information has been cov-
ered in previous Interface articles. In par-
ticular, the basics of using various ver-
sions of Visual BASIC with add-on pro-
jects have been given a lot of coverage in
the past. Delving through back issues will
provide answers to many of the questions
we are asked.

VB.Net

As regular readers of these articles will
know, most of the example software is
written using Visual BASIC 6.0. This is
well suited to our purposes, as is Visual
BASIC 5.0.

There is a slight problem with these
languages in that they are no longer cur-
rent, and have been replaced by Visual
Basic Net (VB.Net). Unfortunately, the
new version has gained features that are
irrelevant to project interfacing, and lost
some that were very useful in this
application.

As explained briefly in reply to last
month’s Readout letter “Interfacing to
VB”, it is difficult to use VB.Net with an
add-on such as Inpout32.dll that permits
the ports to be easily accessed. The prob-
lem is simply that VB.Net seems to have
no way of importing the BAS file that is
used to tell the program how to use the
added commands.

In the case of Inpout32.dll, there are
just two added commands. These are the
Inp and Out commands, which are used
in exactly the same way as the same com-
mands in GW BASIC, QBASIC, and
Quick BASIC. Unless the BAS file is
imported into VB.Net, it cannot use the
routines in Inpout32.dll, and trying to
use the Inp and Out commands will just
produce error messages.

Through the Backdoor

A ploy “borrowed” from the Internet
seems to find a way around this problem,
and gets the BAS file loaded “via the back-
door”. The basic idea is to load into
VB.Net any program that uses
Inpout32.dll, and already has the BAS file
imported. A program such as this will not
be compatible with VB.Net, but it can still
be loaded. VB.Net will convert the pro-
gram into its own format and then load it.

Once the program is in VB.Net it can
be “fine tuned” in much the same way as
if it was in Visual BASIC 6.0. Things can
be taken a stage further, and you can

698

obliterate most of the
original program and
use the remaining
shell as the basis of
your own program.

Converting

The conversion
process is  quite
straightforward, and
it starts by opening
the project via the
usual route (File -
Open - Project). Using
the browser to select
and open the project
results in the program
detecting that it was
written using Visual
BASIC 6, and it then
automatically launch-
es the Visual BASIC
Upgrade Wizard.

After the usual
Welcome screen, you
have to select the
type of project that
you wish to upgrade
to, and the EXE
option must be select-
ed here (see Fig.1).
The upgraded project
does not overwrite the original version,
so the next screen is used to specify a loca-
tion for the new version (see Fig.2).

After a warning that the process is about
to start and may take a few minutes, the
conversion begins. If all goes well, the
conversion should end with the upgraded
project loaded in VB.NET In Fig.3 the
demonstration program provided with
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Visual Basic Upgrade Wizard - Page 2 of 5

Choose a Project Type
The wizard can upgrade your project to one of several new project types.

Your Visual Basic 6,0 project is a Windows Application.
What type of project would you like this to be upgraded to?

Fig.1. The EXE option must be selected when this page of
the wizard appears.

Where do you want your new project created?

The project will be created as: C:\Srared\npout32_source_and_bins'\test
applications\VB_test_app\Project] NET\Project.vipro)

Fig.2. Choose a folder for the files produced by the upgrade.
Several files and folders will probably be generated.

the new version of Inpout32.dll has been
successfully loaded into VB.Net.

The process does not always go entirely
smoothly, and on one occasion it caused
the mouse to “freeze” However, when
experimentally upgrading several simple
projects the process never actually failed.

Once a project has been upgraded and
loaded into VB.Net, it is possible to use it
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Fig.3. The Inpout32 test program has been successfully loaded into VB.Net.
Upgraded programs can be edited and compiled in the usual way
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much like a “real” VB.Net project. It can
be edited, and there seem to be no prob-
lems if further Inp and Out instructions
are added to the code. Compiling pro-
jects, or "building” them as it becomes in
VB.Net terminology, seems to produce
fully working EXE files, although I have
not given this aspect of things extensive
testing.

From Scratch

This method is fine if, for example, you
would like to modify the software for an
EPE project, or use it as the basis for one
of your own projects. It is less satisfactory
when starting from scratch. It then
becomes necessary to delete everything
in the program that you do not need,
while being careful not to damage any
code that is important.

Be EXx Yew fopct Bad Oetug Took Wndow e

Pru-suad rum o
O%leae v TL 4%%A.
. EmptyFormLv | EmpeForml vo (Deegn]®  EmptyFormivb®

8.5 oy -

SET AS INPUT

K27

Fig.5. A simple test program based on
the “empty” VB.Net program has com-
piled and run successfully

B orojecit

Micreaoft Visual Basic 2005 Express Edition Beta

In use VB Express looks much like
VB.Net (see screen shot Fig.6). It presum-
ably lacks many of the more advanced
features of VB.Net, but it has plenty of
features, including a full range of compo-
nents that can be added to forms.

It will upgrade and load VB6 and
VB.Net programs. It worked fine with the
test application provided with the new
version of Inpout32.dll, and this is shown
loaded in Fig.6. When the finished ver-
sion is available it should provide a low
cost way of writing the support software
for PC projects.

INPOUTV4.BAS

Loading Inpout32.dll’s supporting BAS
file seems to cause more than its fair share
of correspondence. The file for the new
version of Inpout32.dll is called
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Fig.4. Using the Out command has caused VB.Net to respond

with the appropriate hint-text

Life would be much easier if an
“empty” program complete with the BAS
file could be loaded. This would remove
the need to delete anything before start-
ing to add your own code. It would also
guarantee that there would be no “left-
overs” that could give problems with
your program.

I tried loading the supporting BAS file
for Inpout32.dll into VB6, and saving the
otherwise empty program. This was then
loaded into VB.Net, upgraded, and saved.
The resultant project gives the desired
result. It can be loaded into VB.Net,
which will then recognise and use the Inp
and Out commands. The screen shot in
Fig.4 shows that the BAS file is listed in
the Window near the top right-hard cor-
ner of the screen (INPOUTV4.vb), and
typing "Out” into the code window has
resulted in VB.Net responding with the
correct hint-text for this command.

Proof of Pudding

As an initial experiment I tried produc-
ing a simple program that sets the printer
gort to operate as an input type when a

utton is pressed. It also displays a fresh
reading from the printer port’s data lines
ten times per second. The program there-
fore uses both the Inp and Out instruc-
tions.

There were no problems when adding
the code for the program, but VB.Net
does seem to insist on adding brackets
that would not be required when using
Visual BASIC 6.0. The test program

4%

Fig.6. The Inpout32 test program can be loaded into VB

Express, which is essentially a cut-down version of VB.Net

compiled properly and the resultant EXE
program file ran perfectly on a computer
running Windows XP (see screen shot
Fig.5).

In fact everything seems to work well
whether using the “empty” program or
upgrading a complete Visual BASIC 6
program. There is obviously no guarantee
of perfect results every time, but this
method appears to be a practical
approach for users of VB.Net.

The files for the “empty” program will
be made available on the EPE web site in
the Interface folder, and this should pro-
vide an easy starting point for anyone
wishing to experiment with VB.Net and
interfacing.

VB 2005 Express

One of the problems with VB.Net is
that it is an extremely complex piece of
software that uses large amounts of hard
disk space. Microsoft seems to have
realised that it is a bit “over the top” for
many purposes, and a simpler version
called VB 2005 Express should be avail-
able in due course. Information about
downloading a free beta test version was
given in last month’s Readout feature. It
is well worth dowr\loadin% and trying
this new program, but do bear in mind
that it is a beta test program, and that it is
not guaranteed to be fully working and
stable. Just the opposite in fact, and it is
guaranteed to contain a few bugs. Never
run beta software on a PC that is used for
any important purpose.
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INPOUTV4.BAS and after unzipping the
downloaded file it will be found in the
\inpout32_source_and_bins\test applica-
tions\vb_test_app subfolder.

When using Visual BASIC 6.0, it is
loaded by selecting Add File from the
Project menu and then using the browser
to locate and open the file. Once loaded, it
will be listed in the Project window as a
module called “inpout”.

It is possible to use Inpout32.dil with
VBA (Visual BASIC for Applications), as
supplied with various programs such as
Microsoft Word and Excel, Autocad, etc.
Obviously VBA is not intended for mak-
ing standalone executable files, so there
will be limitations on the ways in which it
can be used.

There should be an Import or Import
File option available from the File menu,
and this is used to load INPOUTV4.BAS.
If there is no Import function available, it
is unlikely that Inpout32 can be used with
that version of VBA. Note that there are
differences between VB and VBA code, so
most VB programs will have to be modi-
fied in order to run under VBA.




Constructional Project

Volts
Checker

Anthony H. Smith, BSc. (Hons)

A handy tester suitable for universal a.c. and d.c. supplies

HEN measuring voltages around
WIhe home, in the lab, or out in the

field, some kind of voltmeter —
either a traditional moving coil type, or a
digital “multimeter” version — is usually
indispensable. However, there are many
instances where a basic “go/no go” indica-
tion is more than sufficient. For example,
when tracing a fault in a car electrical sys-
tem, or when checking a mains circuit to
see whether it is “live”, a simple “yes” or
“no” visual indication can be the easiest
and quickest way of checking for a healthy
voltage supply.

In this respect, an l.e.d. (light emitting
diode) provides an ideal solution. Unlike
an incandescent filament bulb, the l.e.d.
does not require much power, and it can
operate at very low voltages where tradi-
tional neon indicators have not got a
chance.

However, using an l.e.d. to indicate the
presence of a voltage ranging from less
than 3V to more than 200V - both d.c. and
a.c. — requires something more than just a
resistor and a suitable l.e.d.

Handy Size

Housed in a small plastic case, the Volts
Checker is a handy, pocket-sized instru-
ment that can be used to check an a.c. or
d.c. voltage as low as 3V or as high as
240V r.m.s. (root-mean-square). Using the
unit could not be easier — just connect the
two leads to the circuit under test and the
l.e.d. will illuminate if there is a healthy
voltage present,

240V RMS
max.

VOoLT
CHECKER

Furthermore, there is no need to worry
about which node is positive and which is
negative, the unit automatically senses any
d.c. voltage regardless of polarity.
Alternating voltages, such as those pro-
duced by step-down transformers in con-
sumer equipment or high-voltage mains
domestic circuits, are dealt with just as
easily.

The circuit is based on the two-transistor
l.e.d. current regulator described in Light
Emitting Diodes - Operation and
Applications Part Two (elsewhere in this
issue), and makes good use of a “low cur-
rent” l.e.d. to minimise power consumption
and permit operation at
high voltages. The cir-

cuit diagram of this

Volts Checker, shown
in Fig.1, is almost iden-
tical to the aforemen-
tioned circuit, but with
some important addi-
tions, the most obvious
of which is bridge rec-
tifier, REC].

A.C./D.C.

Full-wave a.c. to d.c.
conversion is a familiar
function in  many

mains-operated power

FS1%
SKi
*SEE TEXT
Vrear

VOLTAGE
UNDER
TEST

SK2 O

Fig.1. Circuit diagram for the Volts Checker.
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supplies, where a bridge
rectifier, comprising

four power diodes, converts each cycle of
the mains sinusoidal waveform to a unipolar
voltage. In Fig.1, RECI provides just the
same function, in that an a.c. voltage wave-
form applied to the circuit’s inputs via sock-
ets SK1 and SK2, will be full-wave rectified
so as to present a unipolar voltage to the cur-
rent regulator.

This is illustrated by the graph in Fig.2,
where the full-wave rectified waveform
(dashed line) has a “half-sinewave” shape
and reaches a peak on every half cycle of
the mains waveform.

For a sinewave. the peak value, Vpyg, of
the waveform is given by:

Ve =VZ x Vs (V)

where Vs is the roat-mean-square value
of the waveform, represented by a solid line
in Fig.2.

Clearly, for a mains voltage with Vg =
240V, the waveform will peak at around
340V. The full-wave rectified waveform
peaks at roughly the same value (actually,
just slightly less due to the voltage drop
across the bridge rectifier diodes).

Note that the bridge also ensures that a
d.c. voltage of any polarity will also be
“rectified” such that the le.d., D1, will
illuminate regardless of the polarity pre-
sented via SK1 and SK2. The only price to
be paid for this convenience is a slight
increase in the minimum operating voltage
due to the voltage drop across the rectifier
diodes.

Current Regulator

Transistors TR1 and TR2 combine to
provide the negative feedback loop
required to maintain a constant current in
l.e.d. D]1. However, bias resistors R1 and
R2, and transistor TR2 must be chosen very
carefully to accommodate mains voltages
safely.

At each peak of the mains waveform,
when the “+” terminal of bridge rectifier
RECI is at 340V with respect to the “-"
terminal, the voltage across the collector-
emitter terminals of TR2 is given by:

VCEZ = 340V -~ VF - VBEI (V)
where Vi is the l.e.d.’s forward voltage, and

Vg is the base-emitter voltage drop of
TRI.
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2-12mA, the dissipa-
tion in TR2 is just over
2oc half a watt when Vg,
= 240V rm.s., well
below the 1W maxi-
mum rating of the
ZTX458, thereby
allowing plenty of

TIME () margin.

MAING VOLTAGE
WAVEFORM

CAUTION: do not
substitute  another
transistor for the
ZTX458 unless it can
match or exceed the

vCEgmax) and l)D(max)
specifications!

Power and voltage

Fig.2. Effect ot full-wave rectification on mains voltage Tatings must also be

waveform.

Assuming Vg is around 2V, and taking
Vgg; = 0-7V, we see that TR2 must be able
to withstand a maximum collector-emitter
voltage, Vcgax, Of around 337V! This
demands a high-voltage device for TR2;
common-or-garden devices like the
BC108 and BC547 simply will not do.
Fortunately, there are several high-voltage
npn transistors on the market, and the one
best suited to this application is the Zetex
ZTX458.

Important Characteristics

The ZTX458 has a maximum collector-
emitter voltage rating of Vcgpax) = 400V,
allowing it to handle peak a.c. voltages of
340V with plenty of margin. However,
power dissipation is also an important con-
sideration; the ZTX458 has a maximum
power rating, Pp, ..., of 1W, quite impres-
sive for a relatively small package. The
power dissipated in TR2 is given by:

PD = IC2 x V(’Ez (W)

where I, and Vg, are the r.m.s. values of
collector current and collector-emitter volt-
age, respectively. To see why power dissi-
pation is important, we can rearrange this
equation to determine the maximum per-
missible collector current when Vg, =
240V:

l(‘2(m.1x) = PD(max)/vCEZ = 1WR240V =
4-17mA

In practice, the collector current is set
much lower than this to allow a healthy
safety margin. The value of resistor R3
determines the magnitude of I¢» by the
simple relationship:

]C2 = VBE'/R3 (A)

where Vgg, is TR1’s base-emitter voltage.
With R3 = 3309, and taking Vgg, = 0-7V,
the nominal collector current in TR2 is:

Iy = 0-7V/ 330Q = 2:12mA
Low Current Diet

These results highlight the need for a low
current l.e.d. Attempting to use a standard
le.d. needing a forward current of, say,
15SmA for adequate brightness, would
require a transistor capable of dissipating
over 3-6W when measuring mains voltage!
Instead, by using a low current device for
le.d. DI, ihe required power rating is
reduced enormously. In fact, with I, =

considered when

selecting bias resistors
R1 and R2. Using two equal-value resistors
in series rather than just a single resistor
has two advantages.

First, it means that the required maxi-
mum voltage rating is effectively halved.
Since the peak voltage appearing across R1
+ R2 is roughly the same as that across
TR2, namely 340V, it follows that each of
the two resistors need only be rated to
170V.

The second advantage concerns the
resistors’ power rating, which itself is dic-
tated by the total resistance value required
to ensure adequate bias current for TR2. As
we shall see in a moment, connecting two
resistors in series halves the dissipation in
each one, provided they are equal in value.

Biased opinion

For proper, reliable operation, the bias
current flowing into the junction of TR1’s
collector and TR2's base should be at least
twice the maximum base current, Igs(max)
required by TR2.

Now, Igymaxy = lca/MrE2(miny where
hggaominy 18 the minimum base-collector
current gain of TR2. Since the ZTX458 has
higminy = 100, it follows that Igy .y =
2:12mA/100 = 21-2uA. Therefore, the cur-
rent flowing in R1 and R2 should be at least
42-4uA. However, in order to calculate the
values of R1 and R2, we need to know the
minimum voltage across them.

If we follow the current path from termi-
nal SKI1, through one of the diodes in
RECI, through R1 and R2, through the
base-emitter junctions of TR2 and TRI,
respectively, then through the opposite
diode in REC1 out to terminal SK2, we see
that the voltage across R1 + R2 is:

Vri+r2 = V1esT = 2Vp =~ Vae2 = Ve (V)

where Vrggr is the terminal voltage, 2V is
the voltage drop across the two bridge
diodes, and Vgg, and Vg, are the transis-
tors’ base-emitter voltages.

If we take a minimum value of 5V for
VTEST* and with VD‘ VBE2 and VBEI each
equal to 0-7V, we find that Vg gy = 2:2V.
Therefore, it follows that the required total
value of Rl + R2 equals 2-2V/42-4uA =
51-8kQ. This suggests that we make R1
and R2 each equal to around 26kQ.
However, we must first check the power
rating.

Power and Voltage Ratings

We know that the maximum r.m.s. volt-
age across R1 + R2 is roughly 240V, or
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120V r.m.s. across each resistor. Therefore,
the minimum permissible resistance value
(for each resistor) is given by:

Rein = ]202/PD(max)(Q)

where Pp.x, 1S the maximum power rat-
ing of the resistor. If we use 0.5W types, we
find that R, = 120%05 = 28.8kQ- The
nearest larger preferred value is 30kQ.
Although this is some 4k greater than the
ideal value (26k€2) calculated above, it is
essential to use a value of 30kQ2 to ensure
R1 and R2 do not overheat when the unit is
being used to test mains voltage.

Maximum ratings must also be consid-
ered when selecting an appropriate bridge
rectifier for REC1. Thanks to the current
regulator, the maximum current through
the bridge will never be more than around
2.5mA under normal circumstances, so
current ratings are not an issue. The
bridge’s peak reverse voltage rating, how-
ever, is most important.

Bridge rectifiers are used in linear power
supplies where they are usually found on
the secondary side of a mains transformer,
and in this role they rarely have to deal with
reverse voltages greater than 100V, or so.
However, in the Volts Checker, the diodes
in RECI may encounter peak reverse volt-
ages as high as 340V, and so a suitably
rated bridge is essential.

The recommended part, a W04, can tol-
erate maximum reverse voltages of 400V,
which is more than sufficient. It is impor-
tant not to substitute a bridge rectifier
with inferior voltage specifications as it
could break down when checking mains
voltages!

Protection

Fuse FS| may seem unnecessary given
that the circuit regulates the current to just a
few milliamperes. However, a circuit fault,
such as a short-circuit in the bridge rectifier,
could result in catastrophically high current
flow, even when testing relatively low volt-
ages. Therefore, the fuse, connected
“upstream” of all other components, pro-
vides an essential safety function and will
rupture in the unlikely event of a circuit fault.

Component Types

Resistors R1 and R2 may be 0-5W parts,
such as the Welwyn MFR4 series, or 0-6W
such as the Philips MRS2S series. A 0-25W
resistor is adequate for R3, although a
330Q part from the MFR4 series or
MRS25 series will fit just as well.

Most small-signal npn transistors with
good current gain are suitable for TRI;
although a BC547 has been specified, other
types such as the BC108 should be suitable.
The device specified for TR2, however,
should not be substituted for another type.

A low-value, quick blow fuse should be
used for FS1. The exact rating is not criti-
cal, but should be in the range 50mA to
100mA. Higher values should not be used.

The white, molded ABS case used for
the prototype is inexpensive and was cho-
sen because it accommodates the p.c.b. and
4mm connectors without crowding and is
easily machined. If a smaller case is
desired, it may be necessary to omit the
connectors and, instead, hard wire the test
leads directly to the board.

CAUTION: The case must be a plastic
type with no metal parts passing through it.
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A metal case, such as diecast aluminium, is
not suitable since a fault within the unit
could cause the case to become “live” when
testing mains voltages.

An Agilent HLMP-D155, Smm red l.e.d.
is recommended for D1. although other low
current types could be used. The HLMP-
D155 provides very good intensity at the
nominal 2mA operating current, although it
suffers somewhat from a relatively narrow
viewing angle, typically 24°.

Some alternative low current Agilent and
Kingbright l.e.d.s are shown in Table 1.
This list is not exhaustive — several other
manufacturers produce low current le.d.s
which may be suitable. Whichever part is
used will depend on personal preference,
but the chosen type should have low for-
ward voltage, Vg, and good luminous inten-
sity, Iy, at 2mA.

Construction

Assembly of the p.c.b. is straightforward
and requires no special techniques. The
component positioning and track layout
details are shown in Fig.3. This board is
available from the EPE PCB Service, code
468.

Solder the three resistors in place first,
then the transistors and bridge rectifier.
Take care with the orientation of RECI —
make sure the positive (“+”) terminal is
next to the le.d.

Fit the fuse clips next, then solder the
l.e.d. in place leaving approximately 15mm
of lead length between the top surface of
the board and the base of the l.e.d. Take
care with polarities, ensure all component
leads are properly cropped and check care-
fully for solder splashes.

Testing and Troubleshooting

When assembly is finished, and thor-
oughly checked, the circuit should be tested
before fixing the board in its case. Fit the
fuse into the fuse clips and connect leads
via sockets SK1 and SK2 to a d.c. voltage
source, such as a bench power supply or
battery of around 5V to I0V. The led.
should illuminate. If it does not, check that
the fuse is intact and that the l.e.d. has been
inserted with correct polarity. If the l.e.d.
still does not light, check that the bridge
rectifier has been inserted correctly.

Next, reverse the polarity of the voltage
source and check that the l.e.d. still glows.
If it does not, the problem is almost

Table 1: A selection of l.e.d. comparisons

L.E.D. Type Colour Luminous Forward Viewing
Intensity, I, (mcd)  Voltage, Vg (V)  Angle
Agilent HLMP-D150  Diffused red 3typ. @ 1ImA 1.8 max. @ 1mA 65°
Agilent HLMP-D155 Clear red 10typ. @ TmA 1.8 max. @ 1mA 24°
Agilent HLMP-4700  Diffused red 23typ. @ 2mA 2.0 max. @ 2mA 50°
Agilent HLMP-4719 Diffused yellow  2.1typ. @ 2mA 2.5 max. @ 2mA 50°
Agilent HLMP-4740 Diffused green  2-.3typ. @ 2mA 2.2 max. @ 2mA 50°
Kingbright WS3LID  Diffused red S5typ. @ 2mA 2.5 max. @ 20mA  30°
Kingbright W53LGD  Diffused green 2typ. @ 2mA 2.5 max. @ 20mA 30°
Kingbright W53LYD Diffused yellow 2typ. @ 2mA 2.5 max. @ 20mA 30°
Kingbright WS3LSRD  Diffused red 20typ. @ 2mA  2.5max. @ 20mA  30°

certainly a faulty bridge rectifier. It is
advisable to check the operating current,
especially if the lLe.d. seems very dim or
too bright. Connect a d.c. ammeter in series
with one of the supply leads and measure
the current. It should be in the region of
1.5mA to 2-5mA; if the value is outside this
range, check that R3 is the correct value.

Completion

When the p.c.b. has been successfully
tested it can be bolted into place in the plas-
tic case. First, four holes must be drilled in
the base of the case. Positioning of the two
holes in the bottom is fairly critical to
ensure correct alignment of the l.e.d. The
two small holes should be approximately
3mm in diameter — countersink if required.
The single lid hole should be just over Smm
in diameter so as to accommodate a Smm
led.

In the short side of the base at the oppo-
site end to the p.c.b., drill two holes to
accommodate the 4mm sockets. The holes
should be symmetrically spaced, approxi-
mately 20mm apart, with a diameter of
about 8mm.

Solder two wires each approximately
20mm long to the supply terminals on the
p-c.b., then screw the board into place using
nylon screws and nuts, fitting two nylon or
fibre washers underneath it, then solder the
wires to the sockets. Position the lid on the
case to check that the l.e.d. protrudes
through the hole correctly.

If the lid cannot be seated properly,
remove the board, de-solder the led.,
shorten the lead length above the board, re-
solder and repeat the process until the le.d.
is at the correct height. If this process
proves troublesome, there is no reason why
the l.e.d. should not be connected to the

K
* \\
-~y

1.0in (25.4mem)

xﬁf{(‘" =,
e

1.5in (38.1mm)

Fig.3. Component layout and master track pattern for the

Volits Checker.
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Resistors ~
R1, R2 30k 1%, DN\~
0-5W (or

0-6W), TALK
200V (or Page
greater), metal film
(2 off)

R3 330Q 1%, 0-25W metal
film

Semiconductors

D1 red l.e.d.,.5mm low
current (see text)

TR1 BC547 (or similar) npn
transistor

TR2 ZTX458 high voltage npn
transistor (see text)

REC1 WO04 bridge rectifier. 400V

Miscellaneous

FS1 fuse, quick blow , 20mm x
5mm (see text)
SK1, SK2  4mm socket (2 off)

Printed circuit board, available from the
EPE PCB Service, code 468; 20mm
p.c.b.-mounting fuse clips (pair); 6BA
12mm countersunk screws, non-metallic
(2 off); 6BA nuts (2 off); 6BA fibre (or
nylon) 1mm-thick washers (2 off); 6BA
tock washers (2 off); plastic case, 25mm
x 73mm x 51mm (see text); connecting
wire, solder etc.

Approx. Cost
Guidance Only
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board using short flying leads and fixed
into the lid using either adhesive or a suit-
able Smm mounting clip.

Before screwing the lid into place,
labelling and symbols could be applied to it
as desired. Having screwed down the lid,
the Volts Checker is then ready to use.

In Use

Measuring of a.c. mains voltages
should only be carried out by those who
are suitably qualified or
supervised.

No special techniques are required to #
operate the Volts Checker, although the ©
following precautions must be observed
when testing high voltages, especially
mains supplies.

Only properly insulated sockets, plugs
and test leads should be fitted, and on no
account should the unit be used to test
high voltages with the lid removed.
Furthermore, tae le.d. is effectively at a
very high potential when the unit is con-
nected to mains voltage. Normally, this is
not a problem, since the l.e.d.’s plastic cas-
ing provides adequate insulation. However,

a faulty l.e.d. could cause the insulation to
break down. As a precaution. it is best to
avoid touching the l.e.d. when testing high
voltages.

Tests on the prototype showed that the
le.d.’s forward current, Ip. remained

extremely stable over a wide range of ter-
mina] voltages. For example, at 5V, I was
1-66mA, whereas at 50V, the forward cur-
rent was 1-91mA. In other words, for a ten-
fold (900%) increase in terminal voltage, I
increased by just 15%.

Note that Ig was slightly lower than the
nominal 2-12mA calculated earlier
because TRI1’s base-emitter voltage was
found to be somewhat lower than the
assumed value of 700mV. When measur-
ing the Volts Checker’s operating current,
remember that the terminal current equals
the sum of Ig plus the bias current through
R1 and R2. However, even at 50V, the ter-
minal current was just 2-7mA. Even
though this is much higher than the input
current taken by high impedance volt-
meters, it is still small enough to be negli-
gible when checking most voltage
sources.

The prototype unit worked well down to
a minimum terminal voltage of 3-5V, where
the l.e.d.’s forward current was 1-23mA. At
3.0V, I was just 0-48mA, and the l.e.d. was
fairly dim, whereas at 2-5V, it was barely
visible.
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Constructional Project

FPE
Theremin

Robert Penfold

06-0 )

- -

Create your very own weird and wonderful music with this modern-day version of
Leon Theremin's famous, "handsfree”, 20s sound machine

in the 1920s by Leon Theremin, and

the basic idea has been periodically
reborn since then. The Theremin is proba-
bly more popular now than at any time in
the past, and still manages to keep some of
its mystique in this technological age when
just about anything seems possible.

A Theremin is an electronic musical
instrument that is played without any phys-
ical contact being made with the instru-
ment. The pitch is controlled by moving
one hand closer to an “aerial” or sensor
plate to produce an increase, or moving it
further away to provide a reduction in
pitch.

A similar method is used to vary the vol-
ume. Moving the other hand closer to a sec-
ond aerial gives an increase in volume, and
moving it further away produces a reduc-
tion in volume.

Hand Capacitance

Changes in pitch and volume are reliant
on “hand capacitance”, which is something
that is normally a problem and has to be
avoided when designing radio frequency
equipment. In this case hand capacitance is
exploited and aerials are used to greatly
increase the effect.

Each “capacitor” is comprised of an aer-
ial and one of the user’s hands. These are
effectively the plates of the capacitor with
the air between each hand and its aerial
acting as the dielectric. Placing a hand
closer to an aerial gives an increase in
capacitance.

This gives a form of variable
capacitor, but the maximum

THE ORIGINAL Theremin was produced

where sum and difference frequencies are
generated. For example, suppose the oscil-
lators are operating at 900kHz and 901kHz.
The sum frequency is 900 plus 901 =
1801kHz, and the difference frequency is
901 minus 900 = 1kHz.

The sum frequency is very high and is of
no use in the current context. It is therefore
removed, together with signals at the input
frequencies. by a simple lowpass filter at
the output of the tone generator.

The difference frequency is at an audio
frequency, and provides the required audio
tone. Placing a hand close to the aerial
results in more capacitance being intro-
duced to the tuned circuit of one oscillator,
which slightly reduces its output frequency.

On the face of it, the user’s body must be
“earthed” for this to work properly, but in
practice this is not necessary. The user’s
body acts as a sort of miniature artificial
earth, and the extra capacitance is added
across the existing capacitance in the tuned
circuit.

The reduction in frequency will not be
very high in percentage terms, but even 0-1
percent or so will give a reduction of about
1kHz. This is the point of using high fre-
quency oscillators and mixing their outputs
to produce the difference frequency via
what is called the heterodyne effect. A
small change in the frequency of one oscil-
lator gives a large shift in the pitch of the
audio output.

Suppose the 900kHz oscillator is the one
that is altered. Its output frequency will
reduce to 899kHz, giving a difference

frequency of 901 minus 899 = 2kHz. This
represents a doubling of the output fre-
quency from only a minute change in the
frequency of one oscillator. In practice this
system enables a range of several octaves to
be obtained from small changes in hand
capacitance.

In this example a reduction in the fre-
quency of one oscillator was used to pro-
vide an increase in pitch at the output.
Moving a hand towards the aerial sensor
would therefore produce an increase in
pitch. Probably most peaple find this more
instinctive than having the pitch reduce as
their hand is moved towards the aerial, but
both methods are possible. It is just a mat-
ter of adjusting the oscillators for suitable
starting frequencies.

If the 900kHz oscillator was set at
903kHz initially this would give a differ-
ence frequency of 903 minus 991 = 2kHz.
Reducing its frequency to 902kHz would
reduce the output frequency to 902 minus
901 = 1kHz. In other words, the same fre-
quency range as before, but with the pirch
reducing as :he user’s hand approached the
aerial.

Volume Control

A real world Theremin tends to be sub-
stantially more complex than the block dia-
gram of Fig.1 would suggest. mainly due to
the inclusion of circuitry to control the vol-
ume via the second aerial. The full block
diagram for the EPE Theremin design is
shown in Fig.2.

The tone generator has two high fre-
quency LC Oscillators with one
having variable tuning and the

capacitance obtained is extremely
small. It is far too small to permit
an audio oscillator to be tuned
over a sufficiently wide range of
frequencies. In order to obtain a
wide enough pitch range it is nec-
essary to use two high frequency
oscillators with one operating at a
fixed frequency and the other
being “pulled” by hand capaci-
tance. The general scheme of
things used for a Theremin’s tone
generator is shown in Fig.1.

Sum Difference

&
»
-—
-
4
RF. OSCLLATOR -_‘
MIXER R.F.FILTER [

2200

A.F, OSCILLATOR

/)

other incorporating the aerial. The
tuning control enables the
required tone range to be set, and
in practice a range of around
100Hz to a few kilohertz can be
achieved. The outputs of the oscil-
lators are mixed, filtered. and then
amplified to produce a strong tone
signal.

This is fed to a VCA (voltage
controlled amplifier), a buffer
stage, and then a small power
amplifier that drives an internal
loudspeaker. The volume is gov-
erned by the control voltage

The output signals of the two
oscillators are fed to a mixer
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Fig.1. Block diagram for a basic Theremin.

applied to the VCA. There is
approximately unity voltage gain
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when the control voltage is equal to the
supply potential. Reducing the control volt-
age produces increasing losses, and the out-
put signal is cut of: when the voltage falls
to about 0-5V.

There are numerous ways of generating
a suitable control voltage. and some of
them do not involve hand capacitance at all.
For example, the amount of reflected light
or infra-red from a pulsed l.e.d. can be
used. In this case the design is reasonably
true to the original concept and it does use
hand capacitance to control the volume.

Like the original. it is also based on a
damped oscillator. In this case the oscillator
is a CR type operating at an ultrasonic
frequency. It has a Gain control that is
adjusted so that the circuit is barcly able to
sustain oscillation.

and it gives a finished unit that is based on
the same principles as the original
Theremin. One drawback is that when
applied to a low voltage semiconductor
design it does not give very precise control
of the volume. The range of hand move-
ment needed to vary the volume from max-
imum to minimum is quite small.

On the upside, this makes it easy to pro-
duce rapid changes in volume and to produce
a tremolo effect by wiggling one’s hand.
There is a potential problem of interaction
when using any dual aerial system. In other
words. varying the volume tends to produce
small changes in the pitch of the output sig-
nal. This does not seem to be a major prob-
lem with this design, and it is probably aided
by having the volume controlled by a rela-
tively limited amount of hand movement.

the circuit a reasonably quick response
time. Using a mid-audio frequency it can
take a second or two for oscillations to
build up or die away.

The “aerial” is coupled to the CR net-
work via capacitor C4. and the hand capac-
itance is effectively in parallel with C3.
Increased hand capacitance pulls the oper-
ating frequency slightly lower, but of
greater importance it tends to damp oscilla-
tions. The damping will have no significant
effect if the circuit oscillates strongly. as it
will be insufficient to reduce the amplitude
of the oscillations.

Potentiometers VR 1 and VR2 control the
amount of negative feedback applied to
ICI. and therefore control its closed loop
voltage gain. In practice the amount of gain
has to be critically adjusted so that the
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and hand capacitance are used
illations as the user’s hand

cillator, and oscillation
if the user’s hand is
e aerial.

oscillator is fed to
1o a rectifier and
ut from the
d.c. voltage
e strength

The output of the
a buffer amplifier and t
smoothing circuit. The
smoothing circuit is a posi
that is roughly proportional t
of the oscillations trom the CR

This signal is fed to a d.c. amp
has only a low level of voltage g&
inversion is provided by this amplifier."
therefore provides practically
zero output voltage

under Q
standby conditions. The output

voltage from the rectifier cir-
cuit falls when the oscillations
subside. causing the output
voltage from the amplifier to
increase. The output voltage
reaches maximum when
oscillations cease.

This gives zero audio
output under standby con-
ditions, with increasing
volume as the user’s hand
is placed closer (o the aer-
1al. For most users this
gives a more natural
form of control than hav-
ing the volume decrease =
as their hand is moved
towards the aerial.

Using a damped
oscillator is a relatively
simple means of con-
trolling the volume,

Fig.2. The full block schematic diagram for the EPE Theremin showing a general breakdown of the

Circuit Operation

The full circuit diagram for the EPE
Theremin is shown in Fig.3. The top haif of
the circuit contains the volume control and
audio output stages, and the tone generator
section in the bottom half.

Starting with the volume control circuit,
the CR oscillator is a Wien type that is
based on IC1. Positive feedback is provid-
ed via the network comprised of resistors
R3. R6 and capacitors C3 and C5. This
controls the operating frequency, which is
not too important in this application.

However, the operating frequency needs
to be above the audio range in order to give
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closed loop voltage gain of IC|
sufficient to sustain oscillati
VR2 respectively operul?
Coarse Gain controls. 7

Loading on the outp
tor can result in the v
to resume oscillaf
ceased, which gi
characteristic,
ensures that

uit being reluctant
ns after they have
s an awkward control
he buffer stage. IC2.
e is minimal loading on the
oscillator and thus helps to

of 10210 a basic half-wave rectifier circuit

based on diodes DI and D2. Germanium

diodes are used due to their
lower forward voltage drop than
the silicon variety. Schottky
diodes should also work well in
this circuit.

The smoothing circuit is
comprised of resistor R7 and
capacitor C7. and the values
have been chosen to give rea-
sonably fast attack and decay

times. The circuit responds

quite rapidly 1o variations in
the output level from the
oscillator. enabling rapid
changes in volume to be
obtained.

The d.c. amplifier is
based on IC3. which is an
operational amplifier used

] in a standard inverting

mode circuit. Diode D3 is

& ® o J
™ * an l.ed. indicator that

switches on when the out-
put of IC3 goes high. It is
not essential. but it can be
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useful when adjusting controls VR1 and
VR2.

Voltage Controlled Amplifier

The VCA is a conventional design that is
based on operational transconductance
amplifier IC4. Like an ordinary operational
amplifier it has inverting (pin 2) and non-
inverting (pin 3) inputs, but it is current
rather than voltage operated.

The output current is a function of the
relative input currents and the bias current
fed to pin 5. This bias input has no equiva-
lent in an ordinary operational amplifier,
and it enables the gain of the device to be
controlled.

Although ICS is current operated, resis-
tors R13 and R18 are respectively used in
series with the bias and audio inputs, effec-
tively converting them to voltage operation.
Resistor R17 is used as a load resistor at the
output of IC4, giving an output voltage that
is proportional to the output current that
flows through R17. ICS is a simple voltage
follower buffer stage at the output of the
VCA.

Some lowpass filtering is provided in the
tone generator circuit, but R19 and C9 are
used to provide some additional filtering.
VR3 is a conventional volume control that
is used to set the required maximum vol-
ume from the instrument.

The output signal from the wiper
(moving contact) of VR3 is fed to the non-
inverting input (pin 2) of a simple audio
power amplifier based on IC6, which is the
ever popular LM380ON. This normally
drives a miniature built-in loudspeaker
(LS1), which, if preferred, can be switched
off using S2. The signal available at output
socket SK1 can then be fed to an external
amplifier and loudspeaker. The direct out-
put from IC6 is likely to be slightly exces-
sive for use with an external amplifier, so
resistors R21 and R22 are used to provide a
modest amount of attenuation.

Tone Generator

The two high frequency oscillators in the
tone generator circuit are based on transis-
tors TR1 and TR2, and they are essentially
the same. Operation of the circuit based on
TR2 will be described here, but obviously
they both operate in the same manner.

A form of Colpitts oscillator is used, and
this relies on a capacitive tapping on the
tuned circuit. This avoids the need for a
tapping on the inductor, which can there-
fore be a standard “off the shelf” item.
Inductor L2, with the series capacitance of
C20 and C21, provides the tuning capaci-
tance and the capacitive tapping. The latter
connects to earth.

The tuned circuit acts as a basic single-
wound transformer, and the important point
is that a signal fed to one end of the tuned
circuit produces an out-of-phase signal at
the other end. It is connected between the
input and output of a common emitter
amplifier based on TR2. The input and out-
put of a common emitter amplifier are out-
of-phase, but the inversion through the
tuned circuit results in positive feedback
being provided. The circuit therefore
oscillates at the resonant frequency of the
tuned circuit, where the most feedback is
produced.

Capacitor C23 couples the tone genera-
tor’s aerial (Aerial 2) to the output end of
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COMPONENTS

Resistors See
R1, R2, R14,

R15, R24, @[}ﬂ@@

R28 6k8 (6 off)

R3, R6 470k (2 off) TALK

R4, R7, R9 100k (3 off) P#9®

R5 150k

R8 3M3

R10 56k

R11 4M7

R12 2k2

R13 27k

R16 270Q

R17 22k

R18, R19,

R21 10k (3 off)

R20 2Q7

R22 3k3

R23, R27  1M8 (2 off)

R25, R29  4k7 (2 off)

R26, R30  560% (2 off)

R31, R33 39k (2 off)

R32 2M2

R34 3k9
All 0-25W 5% carbon film
Potentiometers

VR1 10k rotary carbon, lin

VR2 22k rotary carbon, lin

VR3 10k rotary carbon, log.

VR4 1k rotary carbon, lin
Capacitors

C1,C25 100u axial elect. 10V

(2 off)
Cc2 100u radial elect. 10V
C3, C5,
C16 22p ceramic plate (3 off)

C4, C18,

C24 330p ceramic plate (3 off)
Cé 220n polyester
C7,C26 1u radial elect. 50V (2 off)
(o} 220u radial elect. 10V
C9, C27 4n7 polyester (2 off)
c10 2u2 radial elect. 50V
C11, C28,

c29 100n ceramic (3 off)

Approx. Cost
Guidance Only

£30

excl. case & batts.

C12 100n polyester
C13 470u radial elect. 10V
C14,C19  47u radial elect. 25V (2 off)

C15,C21  47p polystyrene (2 off)

C17,C22  1n mylar (2 off)

c20 33p polystyrene

c23 100p ceramic plate

VCi1 5-6 to 65p miniature
polypropylene dielectric,
single turn, preset
trimmer

Semiconductors

D1, D2 OA91 germanium signal
diode (2 off)
D3 red panel l.e.d.
TR1, TR2,
TR3 BC549 npn silicon
transistor (3 off)
IC1, IC2,
ICS TLO71CN j.f.e.t. op.amp
(3 off)
IC3 CA3140E MOSFET
op.amp
IC4 CA3080E
transconductance
op.amp
IC6 LM380N audio amp i.c.
IC7 78L05 +5V 100mA voltage
regulator

Miscellaneous

L1, L2 1mH radial inductor (2 off)

S1, §2 min. s.p.s.t. toggle switch
(2 off)

SKi1 phono socket

LS1 miniature 8 ohm
loudspeaker

B1 9V battery pack (6 x AA

size cells in holder)

Stripboard, size 34 copper strips by 82
holes; 8-pin d.i.l. socket (5 off); 14-pin d.i.I.
socket; telescopic radio aerial (see text) —
2 off; PP3 type battery connector; control
knob (4 off); large plastic case (see text);
connecting wire; solder pins; nuts, bolts
and spacers; solder etc.

the tuned circuit. The hand capacitance is
therefore in parallel with C21 and tends to
pull this oscillator lower in frequency.

One of the oscillators must be tuneable
so that the required starting pitch can be
set. Trimmer capacitor VC1 enables the
operating frequency of the oscillator based
on transistor TR1 to be tuned over a fairly
wide range of frequencies. In theory it
should be sufficient to set the required tone
using this trimmer, and then make no fur-
ther adjustment.

In practice, even though the two oscilla-
tors are basically the same, their frequen-
cies are likely to drift apart over time. It is
therefore advisable to have an externally
accessible tuning control so that the tuning
can be periodically readjusted.

Unfortunately, suitable variable capaci-
tors, at a reasonable price, are difficult to
obtain these days. Therefore, capacitor C16
and potentiometer VR4 are used to effec-
tively provide a crude variable capacitance
in parallel with timmer VCI.

This arrangement gives only a rela-
tively limited tuning range, but it is per-
fectly adequate in this respect. Coarse

tuning is carried out using VCI, with
VR4 only being needed to make minor
adjustments.

Be Stabilised

There can be a major problem with any
circuit that uses two oscillators operating
on similar frequencies. Any coupling
between the two oscillators tends to lock
them onto the same frequency.

This has to be largely avoided with a
Theremin circuit as it would prevent an
audio beat note from being produced. In
this case any coupling is minimised by
using the low impedance output signals at
the emitters or TR1 and TR2, plus a sim-
ple passive mixing circuit that uses rela-
tively high value series resistors (R31 and
R33).

Transistor TR3 is used as a common
emitter amplifier that compensates for the
losses through the passive mixer. The slight
non-linearity of TR3 helps to generate the
sum and difference frequencies, with
capacitor C27 filtering the input and sum
frequencies to leave the required difference
signal.
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Fig.3. Complete circuit diagram for the EPE Theremin. The two distinct sections of the “instrument” can be seen.
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A stabilised 5V supply for the tone gen-
erator is provided by voltage regulator IC7.
Using a well stabilised supply for the oscil-
lators helps to minimise any problems with
tuning drift. The supplies to the oscillators
have separate decoupling networks
(R24/C14 and R28/C19), which helps to
avoid problems with the oscillators locking
on to the same frequency.

The basic current consumption of the
Theremin circuit is a little less than 20mA,
but it rises considerably when the “instru-
ment” is played at high volumes. It is there-
fore advisable to use a fairly high capacity
9V battery, such as six AA size cells in a
holder.

Construction

The EPE Theremin is constructed on
large piece of 0:1 inch pitch stripboard
having 82 holes by 34 copper strips. This is
not a standard size for stripboard so a larg-
er piece must be trimmed to size. The top-
side component layout for the board
appears in Fig.4, together with details of
the cuts required in the copper tracks on the
underside.

Stripboard is easily cut along rows of
holes using a hacksaw, but some boards are
quite brittle so it is advisable to proceed
gently. Cutting along rows of holes tends to
leave rough edges, but these can be careful-
ly filed flat. If you use a board that has
around 36 to 39 copper strips it is probably
not worthwhile trimming off the extra
strips. Just ignore the unnecessary strips
along one edge of the board.

The cuts or breaks in the copper can be
made using a hand-held twist drill bit of
about 5Smm in diameter or you can pur-
chase a special tool for track cutting. A
substantial number of cuts are required so

EPE THEREMIN - CIRCUIT

make sure that none are overlooked and be care-

ful with their placement. Double-check

placement of each one before actually cutting the strip. Do
not cut deeply into the board, but make sure that each cut

fully severs the copper strip.

Board Assembly

Construction of the board is not particularly difficult and
it presents little that is out of the ordinary. However, with a
board of this size it is obviously very easy to make position-
al errors when fitting the components, so take due care with
the placement of each component; working from the small-
est up to the largest. Dual in-line (d.i.l.) sockets are recom-

mended for all the i.c.s.
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Top-left of the circuit board showing
layout for the tone generator.
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JAYCAR - A SOURCE
FOR ROBOTICS PERIPHERALS
(AND OTHER PRODUCTS)

YG-2730

Low Cost Motor & Gearbox Set £5.20

This set comes with a 3VDC 12,000r.p.m.

motor and a set of plastic gears that

enable various ratios to be assembled.

Output speeds vary depending on the

gears selected.

Approx. output speeds
3,000/750/187/46/12/9r.p.m.

Shaft diameter 0-12in.

YG-2734

High Torque 12VDC Reversible Geared Motor £5.50
This powerful 12V motor features a hardened steel shatt
and sintered bronze bearings for a long service life and will
deliver plenty of torque. Great for driving wheels or other
traction devices.

Torque 10-4lb/in,

Gearing ratio 244:1

Approximate length  2in.

Current at full load 1380mA

Output shaft speed  36r.p.m.

Output shatt dia. 0-16in.

Other models are also available that will deliver up to
43-3bfin.

YG-2783

Spider Coupler Set £1.80

Allows connection of a motor and a
shaft that may be slightly misaligned or
short. Also provides torsional shock
absorption.

Accepts a '%in. shaft

1-2in. overall length

YG-2796

Robot Wheel Kit £27.50

Designed tc simplify mechanical assembly and
provide an easy solution for skid-steering systems.
Torque 3-21b/in.

Wheel dia. 2-5in.

Gear ratio 30:1

No load speed 200r.p.m.

Operating voltage 4-5VDC to 12VDC

YM-2776

High Power 12VDC Motor £5.50
This un-geared motor has a
hardened shaft, sintered bronze
bearings and direct drive output.
Torque 0-37b/in.
Approximate length  3-5in.
Current at full load 4.7A
Output shaft speed  9,800r.p.m.
Output shaft diameter 0-12in.
Other models are available that
operate on voltages of 6V or 12VDC

YG-2792

Motor Mind DC Motor Controller £30.25

This module is ideal for small robotic applications and will
control 2 x 10-24VDC brushless motors, The motor outputs

can be paralleled to control a single, larger motor if desired.

4 amps max continuous current
Over current and over temperature prctected

BT-1363

Book — Combat Robots Complete
£16.00

Covers subjects such as electronics
and wiring, R/F remote control,
wheels, batteries, chassis, armour,
weapons, and much more. Includes a
CD with three robot plans.

Other titles include:

BT-1370

Robotics, Mechatronics and
Artificial Intelligence £35.20

BT-1365
Robot Builder's Sourcebook
£39.97

BT-1367
PIC Robotics - A Beginner’s Guide
to Robots £39.97

2 - FOBOTS SUPPLEMEMNT
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YG-2780

12 Plece Gear Set (48 Pitch) £22.00

A versatile range of 12 gears ranging from 10 to 100 teeth.

The set enables a vast range of ratios to be assembied and
are made from industrial quality nylon. They do not require

lubrication.

YG-2786
14 Piece Sprocket set £16.50

Made from industrial grade nylon, these sprockets are
ideal for driving parallel shafts that are too far apart to be
gear driven. size range from 3 to 48 teeth.

Max chain load 2-4Ib.

YG-2794

Carrier Board for Motor Mind and BASIC Stamp
Controlier £33.00

With the Motor Mind C carrier board your development
shifts into overdrive as all connections are accounted
for, a programming port for the BS2 is in place and all
1/0 pins are brought out to wiring points.

Screw terminals for motor connection

7VDC to 30DVC

JAYCAR ELECTRONICS

Log on to
www.Jaycarelectronics.co.uk/catalogue
for your FREE catalogue!

TOLL FREE ORDERING 0800 032 7241
100 Silverwater Road, Silverwater, NSW 2128,
Sydney, Australia

WCN SUPPLIES

Specialists in bargain value
offers

A selection of stepper motors
currently on special offer at
£1 each

The Old Grain Store
Rear of 62 Rumbridge Street
Totton, Southampton S040 9DS
Telephone or Fax on: Southampton 023 8066 0700
Email: info@wcnsuppplies.fsnet.co.uk
www.wensupplies.com
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MILFORD INSTRUMENTS
SPECIALISING IN
ROBOTIC BASES

BigFoot £76.38

BigFoot is a low cost walking biped
model using only two servos and the
Stamp1 derivative controller. The control
board is supplied pre-assembled and
tested and all the body parts are
precision cut for simple mechanical
assembly. BigFoot is supplied with a
standard programme that may be
modified by the user using the Parallax
editor software.

Alex-Animated Head £123.38

A simple but highly effective introduction to
animatronics. The A ex head uses four
servos and a pre-built control board with
sound recording/playback facilities to
generate urmervingly realistic head-like
actions. No computer is required as the
sequence is recorded action by action in

Boe-Bot £217.38

user experimentation.

A very popular roving robot using the Stamp2.
Used extensively in education and well supported
in terms of user code and add-on sensors and
accessories. Incorporates a breadboard area for

real time from the controller board.

Toddler £276.13

Toddler is a Stamp2 biped based on
the original BigFoot design. The body
parts are from aluminium for durability
and the kit comes complete with
extensive documentation and code
samples.

Tec-Arm - Robotic Arm £299.63

Tec-Arm uses powerful RC servos to provide 6 degrees
of rotation in this robotic arm. The Tec-Arm runs under
Windows with the supplied software and allows
movements to be controlled and recorded in real time.
The arm components are pre-cut for ease of assembly
and the control board is supplied assembled and tested.
The maximum working reach of the arm is approximately
250mm.

StampBug?2 £111.63

This is the latest Stamp2 based version of
the popular walking insect kit. The kit is
supplied pre-soldered and just requires
simple mechanical assembly. StampBug is
provided with sample code routines to
make the Bug walk forwards, backwards,
stop and turn which can be incorporated
into the user's own programmes.
StampBug uses a Windows programming
environment and programming is achieved
using a standard serial port or from a USB
port with suitable adaptor.
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HexCrawler £706.18

Stamp2 based walking robot for serious walking studies. Sturdy
aluminium chassis and two servis per leg for complex walking
patterns. Extensive documentation and code samples.

MILFORD INSTRUMENTS LTD |
Tel: 01977 683665 Fax 01977 681465
Sales@milinst.com

www.milinst.com
Prices include shipping and VAT

TWO EPE ROBOTS

ACDING CYBERNETIC FUN TO YOUR
HOBBYIST ELECTRONICS ACHIEVEMENTS!

BRAINIBOT BUGGY

An easy-build design with a mind of its own!
By Mark Stuart and Peter Balch
Published in EPE February '03

Kit available from Magenta Electronics,
price £16.99.
Tel: 01283 565435 Fax 546932
sales@magenta2000.co.uk
www.magenta2000.co.uk

SMART KART

By Owen Bishop
Educational and programmable mobile
robot with “bells and whistles” and more!
Series commencing in EPE October '04
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TOTAL ROBOTS
ROBOTICS, CONTROL AND
ELECTRONICS TECHNOLOGY
SPECIALISTS

Lynx 6 Arm

Lynx 6 Arm Combo Kit: £240.00 (ex delivery
and VAT)

Lynx 6 Arm Assembled: £300.00 (ex delivery
and VAT)

Spec:

No. of axis: 5 + Gripper

Servo motion control: local closed loop
Height (arm parked): 140mm

Height (reaching up): 458mm

Reach (forward): 368mm

Gripper opening: 51mm

Lift weight (arm extended): approx. 85-05g
Range of motion per axis: 180°

Accuracy of motion per axis: Se-vo controller

Xde
Kit Price: £259.00 (ex delivery and VAT)
Assembled Price: £289.00 (ex delivery and VAT)
Spec (approx.):

Height: 135mm

Width: 160mm (wheel to wheel-edge)

Length: 240mm dependant (SSC 0-72°)

Weight: 815g (with battery pack) Servo voltage: 6 VDC

View more details here: View more details here:
http://www.totalrobots.com/program_files/x4e_rover.ntm http://www.totalrobots.com/program_files/robot

_arm.htm

Sted-E-man

Prices:

Sted-E-Man Kit (without OOPic-R microcontroller):

£155.00 (ex delivery and VAT)

Sted-E-Man Kit (with OOPic-R): £224.00 (ex delivery and VAT)

The Solarbotics Sumovore is a strong, modular design with over 500 g:%%goh'::: :j(;tlifli::;p;r:‘én{;:;%verslon SLIGLE

Sumovore

Single price: £56.00

Pair Price: £106.00

(Prices exclude delivery and VAT)

man-hours of development and 21 prototypes behind it.
View more details here:
http://www.totalrobots.com/beam.htm#minisumo

Spec (approx):

Height: 230mm; Width: 200mm; Length: 150mm; Weight: 860g
View more details here:
http://www.totalrobots.com/stedeman_files/stedeman.him
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View video clips here:
http://www.totalrobots.com/program_files/hexapod.htm
Price: £310.50 (ex delivery and VAT)

Spec:

Servo motion control: local closed loop

Motion speed: more than 12in. per seconed

Height: 140mm

Width: 432mm (leg to leg)

Length: 343mm

Ground clearance: 89mm

Weight (without batteries): 1247.4g

Servo voltage: 6 VDC (Std servos used at 7-2 VDC)

TR Rover

if you're looking for a programmable mob le robot suitable
for a beginner, with the potential to add increasingly
sophisticated features, the TR Rover is the product for you.
http://www.totalrbots.com/program_files/tr_rover.htm
Dimensions (approx.): Height: 125mm, Width: 220mm,
Length: 220mm.

The TR Rover comes with an OOPic-C microcontroller
mounted to the Iobotics Control Board Version2 (RC3V2).
In the image, a Linetracker sensor and Infra Red Control

Module have been added, enabling the TR Rover to be L
controlled by a TV remote control in manual mode, or

follow a black on white line in autonomous mode.

Kit Price: £140.00 (2x delivery and VAT)

SRF04 Mount

(This is part of the X4e Kit but is also available separately)
View more details here:
http://totalrobots.convaccess_files/sensors.htm#srf04_ultra
The SRF04 Ultrasonic Range Module is a high quality
ultrasonic range finder which can easi'y be connected to the
OQPic (or other) microcontroller to measure/detect the
presence of obstacles. Price: £14.50

(Price excludes delivery and VAT)

IRPD_Mount (This is part of the X4e Kit but is available separately)
http://www.totalrobots.com/access_files/sensors.htm#irproxdetect

When you have perfected the use of snap switches as whiskers on your
small mobile robot, then it's time to move up to a no contact method of
obstacle detection. The IRPD coupled with a microcontroller is the next
step in obstacle detection and avoidance

Price: £25.00

(Price excludes delivery and VAT)

KIT-KSW2001

The Scoutwalker 2

This kit produces a very capab-e four moter battery-powered walking
robot with forward/backward/left/right capaopilities controlled by a pair
of tactile sensors — all without a microprocessor!

Kit Price: £80.00

Assembled Frice: £230.00

(Prices exclude delivery and VAT)

View more details here:
http://www.totairobots.com/beam.htm#scoutwalker2
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USEFUL ROBOTICS WEB LINKS

Active-Robots. www.active-robots.com
Robot kits, controllers and accessories

Android World. www.androidworld.com
Site devoted to androids, with links

Arrick Robotics. www.robotics.com
Masses of robotics information and links

Channel4 Robots.
www.channeld4.com/science/microsites/R/robots
Channel 4 TV's robotics site

Chaoskids. http://chaoskids.com
Photographs and other images of toy robots

Commotion. www.commotiongroup.com
Motors, gearboxes, wheels, gears, construction materials, etc

Cybermarket. www.cybermarket.co.uk
Robot kits, etc

Dangerous Machines. www.dmachine.tv
Radio control interfaces, mainly for Robot Wars robots, etc

Devantech Ltd. www.robot-electronics.co.uk
H-bridge drivers, servos, etc

Dr Gavin Miller's Snake Robots. www.snakerobots.com
Descriptions and photos of snake robots, with links

Fischertechnik. www.sciencekits.com
Construction kits, motors, sensors, controllers, etc

GoRobotics. www.gorobotics.net
Robot links and more

Greenweld. www.greenweid.co.uk
Robot components, motors, gears, caterpillar tracks, pneumatics, etc

GT Electronics. www.gt-electronics.freeserve.co.uk
Motor speed and servo controllers, etc

Hitec. www.hitecrcd.com
RC systems, servos, etc

Instruments Direct. www.Instrumentsdirect.co.uk
Importers and distributors of robot kits, etc

Jaycar Electronics. www.jaycarelectronlics.co. uk
Motors, gear boxes, gears etc

Lego. http://shop.lego.com
The renowned construction system site

LeToy. www.letoy.co.uk
Robot kits, science and educational toys, etc

Lynxmotion. www.lynxmotion.com
Robot kits, components and boards, etc

Magenta Electronics Ltd. www.magenta2000.co.uk
Robot kits, motors, components, etc

Mark 11l Robot Store. www.junun.org
Autonomous robot components, sensors, wheels, motors, drivers,
servos, etc

Mekatronix. www.mekatronlcs.com
Autonomous mobile robots and robot kits

Mike’'s Models. www.mikes-models.co.uk
RC systems, servos, components

Milford Instruments. www.milinst.com
Robot arms, animated heads, biped and six-legged walkers, motor
driver boards, ultrasonic modules, etc

Mobile Robotics Research Group.

www.dal.ed.ac.uk/groups/mrg/MRG.htmi
A group of people who share a broad approach to Al and robotics

8 - ROBOTS SUPPLEMENT

Mondo-tronics Robot Store. www.robotstore.com
Robot kits, circuits, motors, RC models, accessories, etc

Parallax Inc. www.parallax.com
Robot kits, components, servos, etc

Real Robots. www.realrobots.co.uk
Roboteers club, magazine, links, shop

Retrofire Rockets and Robots. www.retrofire.com
An interesting browsing site, with links

Ripmax Plc. www.ripmax.com
UK wholesale importers and distributors of RC models and systems,
etc

Robot Store. www.robotstore.com
Robot kits, parts and ideas

Robotic Research Group. www. robots.ox.ac.uk
A group of like-minded engineers working in robotics research and Al

Rumble Robots UK. http:/rumblerobots.fateback.com/home.htm
“The ultimate Rumble Robots Fansite!”

Squires Model & Craft Tools. www.squirestools.com
Motors, gears, pulleys, materials, tools, etc

SuperDroid Robots. www.superdroidrobots.com
Autonomous robot projects, sensors, etc

Team Deita. www.teamdelta.com
Motors, RC interfaces, controllers, bearings, etc, mainly for combat
robots

Teaching Resources. www.mutr.co.uk
Motors, components, pneumatics, books, etc

Technobots Ltd. www.technobots.co.uk
Motors, speed controllers, RC systems, etc

Total Robots Ltd. www.totalrobots.com
Robot kits, components, etc

Victorian Robots. www.bigredhair.com/robots
Images and information on Victorian-era robots

W.Hobby Ltd. www.hobby.uk.com
Kits, tools, materials, books, etc

WCN Supplies. www.wensupplies.com
Stepper motors, components

4QD. www.4qd.co.uk
Speed controllers. joystick interfaces, RC interfaces, motors, etc .

BIG-EARS BUGGY

Published in EPE August 02
By Thomas Scarborough

A mobile “pet” that follows your voice!
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Inevitably, a fair number of link wires

are required, and due care has to be taken in
B OA R D C o N ST R U CTI O N order to avoid overlooking any. Some of the
link wires are quite long. In order to avoid
short circuits these links must either be
very taut or insulated with pieces of plastic
sleeving. Fit single-sided solder pins at the
points where connections will eventually
be made to the controls and other off-board
components.

The two inductors used in the prototype
are radial components, but the circuit
should work just as well using axial ones
mounted vertically. The trimmer capaci-
tor specified for VCI has a pin layout that
matches up with holes in the board, but
the three pins are too large to fit into the
holes.

Rather than enlarge the holes and risk
damaging the board it is better to fit single-
sided pins and then solder the tags of the
o o1+ trimmer to these. This should be straight-
1 d forward provided both sets of pins are
tinned with solder first.

Any trimmer capacitor having a maxi-
mum value of around 40pF to 65pF is suit-
able electrically, but fitting alternatives
into this layout could be awkward. Also,
in order to fit into this layout easily the
polyester capacitors should be printed cir-
cuit types having a pin spacing of Smm
(0-2in).

Only one static-sensitive device is used
in this design, and it is the CA3140E
MOSFET op.amp used for IC3. The nor-
mal anti-static handling precautions should
be observed when dealing with this compo-
nent, and the most important of these is for
it to be mounted in a socket.

Diodes D1 and D2 are germanium
diodes and they are consequently more vul-
nerable to heat damage than normal silicon

374849505152535455565756596162
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semiconductors. It is not essential to use a heat-shunt when
connecting these two components, but each soldered joint
must be completed reasonably quickly.
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Component layout on the large circuit board. It is recommended that sockets be used for all the i.c.s.

aerials used on the prototype can be angled
away from each other, which enables satisfac-
tory results to be obtained with a relatively
small gap between them. Normally a gap of at
least 300mm is required, and it should prefer-
ably be nearer S00mm.

A telescopic aerial or a metal rod about
300mm long is probably the best choice for
Tuning Aerial 2. In theory at any rate, a
stout rod will give better operating range
than a relatively thin telescopic aerial. In
practice a telescopic aerial gives good
results though. Bear in mind that having a
large operating range for this aerial makes
it necessary to have the other aerial mount-
ed further away.

Although a second telescopic aerial was
used for Volume Aerial I, with hindsight a
metal plate about 150mm square would
have been a better choice. The operating
range using any form of rod aerial is likely
to be quite small, making the instrument
relatively difficult to use. The plate can be
a piece of aluminium with the connection
made via a sokder tag bolted to it.

Alternatively, a piece of copper laminate
board as used for printed circuit boards will
also work well. A connecting wire can, of
course, be soldered direct to the copper side
of this material.

It is possible to use a metal case, but con-
struction is much easier using a case made
of plastic or some other non-metallic mate-
rial. If a metal case is used it is essential to
insulate the aerials from the case.

This is not too difficult with the aid of a
couple of grommets having the same inside
diameter as the base section of the aerial.
One grommet is fitted into the top panel of
the case and the other is mounted just
below it in an aluminium bracket.

Aerial Mounting

The aerials used on the prototype have a
mounting bush at the base which makes it
easy to mount them on a non-metallic case.
It is just a matter of drilling a 10mm diam-
eter mounting hole for each aerial and then
securing them to the case with the supplied
fixing nuts.

Again, things are more awkward if a
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metal case is used. A large cutout would
have to be made for each aerial, with a plate
made from plastic or some other insulating
material being mounted behind each cut-
out. The aerials would then be mounted on
these plates. |

If a metai plate is used far Aerial 1, it
will not work properly if it is mounted
behind a metal case. It would either have to
be fitted externally or behind a cut-out in
the top panel, taking care to ensure that it is
properly insulatéd from the case. Using a
non-metallic case is the easier and more
practical approach.

With most arge cases it will be possible
to moum the controls. le.d. D3, socket
SK1, and the loudspeaker (LS 1) on the front
panel. There was insufficient space to per-
mit this with the low-profile case used for

the prototype, and the output socket SKI
was mounted on the rear panel together
with tuning control VR4. The latter should
need little readjustment once the unit has
been set up correctly, so you may prefer to
relegate it to the rear panel anyway.

Likewise, due to lack of space on the
front panel the loudspeaker had to be
mounted beneath the top panel, but this is
probably the most effective position for it.
Fitting miniature loudspeakers tends to be
problematic due to their lack of built-in
mounting brackets.

A speaker grille of some kind is also
required. The simplest way of producing
the grille is to drill a martrix of holes about
four or five millimetres in diameter. It is
difficult to make a really neat job of this, so
try to drill the holes as accurately as

General layout 'of components and wiring inside the case. Allow plenty of room for

the battery pack.
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possible. It is probably best to drill small
guide holes about one or two millimetres in
diameter first, and then drill these out to the
required final size.

With the grille completed, the loud-
speaker is glued in place behind it using
any general purpose adhesive or superglue.
Try to avoid getting any adhesive onto the
loudspeaker’s diaphragm, which could seri-
ously impair its performance.

Interwiring

With the circuit board mounted in the
case the hard wiring can be added. This is
shown in Fig.4, which should be used in
conjunction with the accompanying pho-
tographs. The hard wiring is very
straightforward, and there is no need to
use any screened leads. Avoid having any
of the wires longer than is really
necessary.

The connections to the battery pack are
made via an ordinary PP3 type battery clip.
The cathode (k) lead of l.e.d. D3 will be
shorter than the anode lead and (or) it will
be indicated by a “flat” on that side of the
encapsulation.

Tuning In

It is highly likely that the tuning will ini-
tially be so far out of adjustment that no
audio tone will be produced. It is stifl pos-
sible to setup the volume control circuitry
with the aid of l.e.d. indicator D3.

Start with feedback controls VR1 and
VR2 adjusted well in a counter clockwise
direction, which should result in l.e.d. D3
being switched off. Adjust the Coarse feed-
back control (VR2) in a clockwise direc-
tion until the l.e.d. switches on, and then
back it off just far enough to switch it off
again.

It is possible that the volume control cir-
cuit will then work quite well, but it is more
likely that some fine adjustment using VR1
will be necessary. Adjust Fine Gain control
VRI in a counter clockwise direction to
bring the circuit closer to the point of oscil-
lation, or clockwise to reduce the sensitivi-
ty of the circuit.

Using high sensitivity gives a better
operating range, but the circuit will proba-
bly show a reluctance to cease oscillating
once it has started. VR1 must be fractional-
ly backed off in order to correct this and
give a more rapid response time.

—

Rear view of the Theremin showing the phono output socket,
tuning control (VR4) and sensor “aerials” mounting.
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Wiring from the circuit board to the front panel mounted components.

Making a Pitch

When adjusting the pitch controls it is a
good idea set VR2 so that led. D3 is
switched on without having to place a hand
close to the volume control aerial. The VCA
will then let the output of the pitch genera-
tor pass straight through to the output stage.

With switch S2 closed and Volume
Control VR3 well advanced in a clockwise
direction, use a small screwdriver to adjust
trimmer capacitor VC1. It should be possi-
ble to find a small range of settings where
there is a central null, with a tone of
increasing pitch being produced if VCI is
adjusted either side of that setting.

Slightly offset VC1 from that central set-
ting so that a tone of low pitch is obtained.
If this produces a reduction in tone when a
hand is placed near the pitch aerial, adjust
VC1 through the central null and out the
other side so that a low frequency is again
produced. Placing a hand near the aerial
should then produce an increase in pitch.

As and when necessary, Tuning cantrol
VR4 can be used to adjust the basic tane
produced by the instrument. Bear in mind
that the tone set using VR4 is the lowest
one that can be obtained when playing the
instrument. If you would prefer to have
the pitch reduce as a hand is placed nearer

|

66 -6

the pitch aerial, adjust VCI to the other
side of the central null and then set it for
the highest note that you will require.
There should be minimal interaction
between the volume and pitch sections of
the instrument. However, there will be a
small but noticeable shift in pitch if
Aerial 1 (Volume) is accidentally touched.
If this should be a problem it is just a matter
of adding some insulation over this aerial.

Making a Play

In some respects a Theremin is very sim-
ple to play. It is strictly monophonic for
example, so there are no chords to worry
about.

On the other hand, there is nothing to
help you navigate from one note to another
apart from the sound of the instrument. It
has to be played “by ear”, which is only a
practical proposition for those possessing a
reasonably good sense of pitch. As with
any instrument, it is probably best to start
with some scales and progress from there.

Some finger wiggling of the hands used
to control the pitch and the volume will
respectively introduce vibrato and tremolo
effects. Vibrata is effective at giving practi-
cally any monophonic instrument a richer
and more interesting sound, so it is worth-
while perfecting this technigue. |

VOLUME
LS ONOFF

® o

THEREMIN
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Front view showing layout of the most used controls. The
foudspeaker is glued to the underside of the top panel.
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flew range of Hi Performance Eleotroﬁic Rits

| for Cars - Exclusive to Jaycar Electronics Australia

We've sold kits for over 20 years and these are some of the best we’ve seen for automotive applications. With these kits
you can finely tune your performance machine, or make your car become one. With 15 exceptional projects in all - check
out our website, www.jaycarelectronics.co.uk or look at pages 12 & 13 in our catzlogue for the full ranga.
| Don't have our UK pound catalogue? Log on to www.jaycarelectronics.co,uki/catalogue to receive your free 424 page copy!

A Cheap Nitrous Fuel Mixture Controtler Re-Map Your Fuel Curve After Upgrading Injectors!

KC-5382 £7.25. Due late September ‘04 KC-538S £23.20. Due late Septembsey 04
Nitrous oxide systems can A huge revolution in Do it Yourself

be expensive to set up, . ‘ " : ‘ 4 - automotive modifications has occurrad.
but now you can do it \ - *"‘ This project allows you to re-map your
for much less. This %  air/fuel ratio throughout the entire load
project pulses a fuel ' range. One use for this is upgrading your
injector at a preset rate, o1 “, \ fuel injecto-s, then re-mapping the fuel
adding a fixed amount of supply to eliminate the need for new

nitrous fuel when you activate engine or fuel management systems. It

it. It will save you a bundle on dedicated fuel solenoids and offers incredible mapping resolution,

jets. It can also be used to control electronic water pumps, and features rival many commercially available units costing
cooling fans, and more. Kit supplied with PCB and all hundreds of dollars more! Kit supplied with PCB, machined case,
electronic components. “Please check local laws regarding and all electronic components. Programmed via Digital Hand
the use of Nitrous Oxide systems in your vehicle, Controlier (KC-5386 shown below).

Keep an Eye on Your Car’s Fuel Mixture LCD Digital Hand Controller
and Performance Y KC-5386 £17.40. Duz= late September 04

KC-S374 £8.15 L Not only can you re-map your injectors 1 - .
with the kit above, it also suits other X
v i projects we offer sucn as elecironic | )

it is quite common for
e boost contrallers, additional injector

the fuel mixture to
become very lean in

turbocharged and . ! - 'L controllers, 2nd more! You can program ||
supercharged motors ® 'Tlﬂf"‘ ’ ' the kit then remove it, or leave it o

under high load - connected for real time display. Kit

conditions. This not only decreases potential power, but supplied with PCB, silk screened and.

can also cause engine problems. This kit displays the fuel machined case, LCD, and all electronic components.

mixture on a series of LEDs, with an integrated buzzer — -
that sounds when the mixture is critically low. Kit supplied ORDER on-line:
with PCB and all electronic components. Requires engine

to be fitted with an EGO (Exhaust Gas Oxygen) sensor. CheCk our \NebSitE"

www.iaycarelectronics.co.tﬁ
& |

Information & easy, safe, fast ordering.
r * Entire Jaycar 2004 Catalogue on-line - over 6,000 products.
‘j * 128-bit secure on-line ordering - safe & secure. -
- * Search by category, keyword or catalogue number, & advanced search.
2 M 3 f 'J * Over 3,500 product datasheets & application notes available on-line.
Uﬂ!]ﬂ U : * And we're from Australia so you can trust us! 4

www.jaycarelectronics.co.uk

New 2004 Catalogue - all 424 pages W StOCk...
The Wonder from Down Unter

We have a brand new catalogue priced in UK Pounds
crammed with over 6,000 exciting products. You can
get one FREE by logging on to our website and filling
out the catalogue request form at:
www.jaycarelectronics.co.uk/catalogue

Electronic Components

Test & Measurement Equipment

Computer & Telecoms Accessorics

) Log on to Security & Surveillance Equipment
www.jaycarelectronics.co.uk/catalogue

for your FREE catalogue!

{ | TOLL FREE ORDERING 0800 032 7241

» (We are open 11pm to 7:30am GMT, which equates to 9am to 5:30pm our time)
For those that want to write: .
100 Silverwater Rd Silverwater NSW 2128 Sydney Australia




READOUT

Email: john.becker@wimborne.co.uk
John Becker addresses some
of the general points readers
have ralsed. Have you anything
interesting to say?
Drop us a line!
All letters quoted here have previously been replied to directly.

WIN AN ATLAS LCR ANALYSER
WORTH £79

An Atlas LCR Passive Component
Analyser, kindly donated by Peak Electronic
Design Ltd., will be awarded to the author
of the Letter Of The Month each month.

The Atlas LCR automatically measures
inductance from 1xH to 10H, capacitance
from 1pF to 10,000uF and resistance from

1Q to 2MQ with a basic accuracy of 1%.

"\ N

Design and Technology
Resource

Dear EPE,

Reaching the end of another school year, 1
should like to pass on my thanks to EPE and its
contributors for providing such an excellent
resource for Design and Technology teachers.

Most of my GCSE Electronic Products stu-
dents have used circuit ideas, articles and data
from projects published in your magazine in
their research this year. This year’s cohort
designed and made a range of imaginative pro-
jects such as an infra-red beam lap timer for
Scalectrix; a decorator’s measuring and calcula-
tion aid; a password-operated keypad lock and
an ultrasonic “radar” attachment for a blind per-
son’s cane. A far cry from the days of “steady
hand” games and fuse testers.

The PIC-based content has increased the
knowledge and understanding of my A Level

students to the extent that they are producing
coursework projects with genuine commercial
potential.

Interest in electronics amongst pupils is at an
all-time high at my school, and 1 suspect at
many others. It is sad then to find out that
Examination Boards are considering dropping
courses through lack of uptake and schools are
finding it difficult to recruit teachers to deliver
those that remain. Any electronics professional
tired of the rat-race and seeking real job satis-
faction could do a lot worse than entering the
teaching profession.

Bernard Grabowski, Aylesbury, Bucks

More power to you at your school Bernard. But
I've been aware for over I5 years that many
schools lack teachers trained to teach Design and
Technology, with, in some cases, Art teachers ful-
filling that role. The connection between art and
technology in this context is hard 1o fathom.

Underripe?

Dear EPE,

As a sort of follow-up to Dave Jones in
September Readout (Overripe Student), 1 guess
I am at the opposite end and just slightly
younger . . . I have been interested in electrical
fiddling all my life, with a spell of domestic
wiring, and mostly running a motor repair
business.

Apart from the very early battery, bell and
bulb circuits, my first venture was trying to put
together a valve amplifier from the then
Hobbies magazine, using a smallish fire-heated
soldering iron. I don’t think it ever worked.

In 1952, my late father pointed out an adver-
tisement in a national newspaper by the then
Practical Television magazine saying “Build a
Television for £20”. So I bought the magazine
and got stuck in, but with no previous experi-
ence and no idea of how a TV worked.
However, a blueprint was supplied, and the
building and fitting of components was really a
matter of following this.

The TV consisted of five separate chassis that
I cut, formed and drilled in my father's garage,
and then bolted together. These were vision,
sound, timebase. pawer supply and CRT unit. 1t
had 21 valves and used a VCR97 ex-govern-
ment radar tube six inches in diameter which
produced a green and black picture size about
4-5 x 3-5 inches. The main transformer supplied
425V-0-425V ar 200mA, the timebase trans-
former was 350V-0-350V at 150mA and a sep-
arate transformer supplied 2,500V for the tube
(I still have these).

After the war there was a glut of radio and
other military components, and the parts were
obtained from various suppliers, but unfortu-
nately, due to some faulty items and my own

' inexperience, it was somewhile before I got
results, and in fact I rebuilt the vision section
and obtained ready-wound coils as against my
home-wound ones, and this did the trick. This
was in fact our first home TV, and gave my fam-
ily much enjoyment because TV sets were then
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a minority, with only one channel and using a
large H aerial.

Later in the fifties, Practical Television
brought out further and larger tube television
circuits for the home constructor. These early
home built and commercial sets had numerous
controls that it was usually necessary to keep
twiddling with during an evening’s viewing. It
was common for the picture to roll or break
sideways into lines and multiple pictures due
to poor signal and components altering in
value during use — these duties now being
done automatically with chips. Youngsters of
today have no idea how lucky they are just
switching a set on and pushing a few buttons
on the remote.

But my point in writing is that, whereas in
the era above, TVs, radios and so on simply
weren't available, or if they were, they were
rather expensive and scarce. Therefore, there
was a great demand and opportunity for vari-
ous magazines to provide home built circuits
and kits. A couple of friends built their own
ham radio equipment and hand-wound all the
coils etc. But in today’s world, it would be
totally uneconomic and pointless to build a TV
etc, and in my opinion, this situation has killed
much of the enjoyment for the self-build hob-
byist, as there simply is no sensible economic
sense in building almost anything unless it is
unavailable on the market.

John Kendall, via email

Thank you John, I share your views, and my
early history as an amateur partly shadowed
yours, although it was mid-60s when I first
became interested, getting my components
from old TVs bought down the local street
market. I too actually built a TV, using my
home-built scope and some cannibalised sec-
tions from one of those scrap TVs — a nice
green picture in the days of black and white!

These days we at EPE largely try to keep
you all supplied with circuit designs for items
which cannot be bought commercially.
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SuperAb Farads?

Dear EPE,

Godfrey Manning’s comment on the
International Farad (Aug *04) appears to stem
from improvements in measurement capability
of the physical quantities involved, i.e. length,
weight, time, temperature, etc. This has been an
ongoing thing, and probably will still as mea-
surements and technology improve but less fre-
quently. In 1948 the “International” values gave
way to “Absolute™ units, a difference of 0-05%
in which capacitance increased, while resistance
and inductance were reduced. SI units appear to
be based on this, refined to 0-04902%. (What
next? SuperAbs? Ultimate?)

When 1 attended evening classes in winter
1934/35 we were taught two systems concur-
rently, c.g.s. and f.p.s., all very confusing. Later
came M.K.S., the upgraded c.g.s. An incident at
the time of the 1948 change was almost embar-
rassing. A batch of 0:1% resistors had been
delivered from a reputable supplier for inclusion
in equipment under construction and in order to
check them at incoming goods stage I arranged
with the Measurements Lab for an operator to
use their precision bridge; they all passed.

When the next batch arrived, the same
arrangement but with a different operator; sever-
al rejects. 1 was called and confirmed the find-
ings, and cross-checked some of the original
batch still in store; sure enough, some rejects.
Calling in the first operator he said, “This is not
the same bridge™! A word with the head of the
Lab, “Oh yes! This has just been delivered, it’s
calibrated in Absolute Ohms. The old one was
International Ohms™. As were the resistors.
(Unprintable expletives.)

The Admiralty Handbook, in use until wel}
after the Second World War still rated capaci-
tance in Jars. Presumably in deference to lower
ratings’ capacity of about six pints with a good
head.

Des Mayes,
Maidstone, Kent

Fascinating Des, and very confusing. Just as
well, perhaps, that at the hobbyist level we don't
need to concern curselves too much with
absolute values of components.

Batteries

Dear EPE,

Got a thing called Battery Genie G200 battery
charger that is suppased to rejuvenate old 1-5V
zinc batteries. Often you get a zinc or deac cell
that shows an l.e.d. rapidly flashing which is
supposed to denote a chuck-away situation.
However if 1 pulse them rapidly about 10 times
across a 12V motorbike battery, with a meter on
the 10A range in series, they get about a 2A
rapid pulse charge. Then this fancy magic genie
computerised charger often accepts them as
worth saving and usually, after about 10 hours,
they are up to scratch. Any that refuse after a
second dose of pulses or get a bit warm actually
are for the scrapheap.

I wonder if anyone has experience of other
dry battery chargers? There seems to be a com-
plete lack of info in this area.

George Chatley,
via email

Well, readers, what can you tell George?
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SURFING THE INTERNET

NET WORK

ALAN WINSTANLEY ——

IN LAST month’s Net Work the basic principles of Internet protocol
(IP) addresses were outlined. The domain name system (DNS)
translates human-readable domain names such as epemag.co.uk
into a numerical IP address that identifies unique locations on a net-
work, whether it’s a web site, mail server or another type of network
resource.

King of the Domains

Let’s return to the topic of domain names themselves. In the UK,
.co.uk domains are currently registered at a rate of approximately
90,000 per month (compared with just 3,000 per month in 1996). A
.uk or a .com is known as a TLD or top level domain: they don’t
come any “higher” up in the pecking order of domain names. Below
them are second-level domains (SLDs), such as the .co in .co.uk or
the .org in .org.uk. And it’s possible to split a domain down into
sub-domains: the epemag in epemag.wimborne.co.uk is a sub-
domain of the main wimborne.co.uk domain name.

The non-profit making body Nominet (www.nominet.org.uk) is
responsible for managing the UK domain database. This is the
definitive source for all UK domain name information, and you can
search the database to check the ownership details of current
domains, or search for the availability of a new domain.

Some users mistakenly search for evidence of a domain simply
by looking for a web site associated with that domain. However, the
fact that a web site is not launched in a browser does not necessar-
ily mean that the domain has not been registered.

A search (often called a WHOIS lookup) at Nominet reveals
basic details of domain name holders (where available) or
Registrants. It should be mentioned that at no time is a Registrant
the legal “owner” of a domain: being a Registrant merely entitles
the holder to use the domain for as long as Nominet’s fees continue
to be met.

Rather than buy domains direct from Nominet, the cheapest way
is for Registrants to pay their Internet Service Providers an annual
fee, and the ISP will in turn settle Nominet’s fees. Paying Nominet
direct for a domain name is not only far more expensive but does
not provide you with any web or email hosting service, for which
you still need an ISP anyway.

Do-It-Yourself Domains

The remainder of this month’s Ner Work column is devoted to
showing you how to buy a domain and set it up for your own use.
We have chosen the popular UK domain seller Easily.co.uk
because of the general ease of use of their system and the respon-
siveness of their technical support. Other domain name sellers
include the mammoth German company Schlund/ 1&1 (www.one
andone.co.uk) but in the writer’s view, the 1&1 online control
panel is much less user friendly and seems to be less suited for gen-
eral internet users or beginners.

To help you buy and set up your own domain name, an Easily
Search box has been added to the Net Work A-Z page of the EPE
web site (www.epemag.wimborne.co.uk/netwkaz.html), which
also contains hundreds of useful web site links. Simply type a
domain name (without any ending — no .co.uk or .com etc.) and
Easily’s web site will search for availability.

If you find a name, it is simple to buy online using a credit card or
send a cheque in the post. Select the required number of years — a
.co.uk domain costs £9.99 for two years — and create a username and
password to set up your own account. It really is as simple as that!
Confirmations are sent by email, and Easily will send you a healthy
number of reminder emails before the domain name is due to expire.

Having bought a domain name, what to do with it? At the very
least, use email forwarding and web forwarding in Easily’s control
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panel to point email to your regular email and web addresses. These
handy features let you create up to 20 usernames in the format of
<any username you like>@your new domain.co.uk and point them
to any external email addresses. Web forwarding lets you point to
your domain name to a regular web site, providing you with a web
site address of www.your new domain.co.uk.

For more advanced users, you can buy a mailbox account from
Easily and allocate it to your domain name, which then provides a
fully-fledged POP3 password protected mailbox. Web hosting can
also be purchased from Easily, if you are looking for somewhere to
host your web site. Note that the above procedures also apply to the
purchase of dot-com domain names, and although it is prudent to
shop around for best prices, the Easily system is amongst the sim-
plest to use. Other sources of domains to look at include
ukreg.com, www.GoDaddy.com and www.register.com or search
Google. Now you can register your own domain name using any of
these online services.

You can email your comments to alan @epemag.demon.co.uk.

Domain Simply type s web name & hit Search M
e Names
EaSID ey www. | REO-K @
“y £8.50 q”

Type a name into the Easily domain name box to search for
availability or to buy online.

Domain List
'You can control your email and web forwarding settings here using the
buttons to the right of sach domain name.

0 Administer Website/Hosting ;J Advanced/Transfer Domains
G Administer Email o Top-Up Data Transfer
Q) Administer DNS

The coloured buttons in Easily’s control panel are the key to
navigation.

Dedicated Servers from only £49/month

Easily and UX Dedicated Servers
Clck HERE for detalty

“wi|| [control Panet ] au
[ Email settings for your new domain.co.uk I
Web Addresses Email Forwarding
Its ,,.,.,"" Alias Redirect to
on the intemet
~ log [steve =P [ked@myrsp.co.ul] J
ounts —_—
Qs 1. Us d =P ew-domein co.uk
mw SAN unansvered mail will go hara by defauk
#round the globe. 2. [oates = [mel@somewhere-else co ul
“11 3. finto =P [into@anctherplace.co uk
R LA 4. [support =P flech@hot-desk32 co uk
DegInNers . expens
P ':lelw & umple s.| >

In the Control Panel, you can configure up to 20 email for-
warding addresses for your new domain. Remember to
“Save” the page before closing the window.
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Our periodic column for your PIC programming enlightenment

Hex Files Reopened: Record Viewer and Running Repairs

files appear to look just like a bunch

>f numbers — they are actually struc-
tured into a series of discrete records. The
records depend on the format of the hex
file, which in turn is produced with knowl-
edge of the intended target, and it is the job
of the device programmer to interpret them
and make something happen.

Import Duties

Device programmers almost always
include some capacity for importing and
viewing hex files. When you import the file
you usually get to see and/or edit the con-
tent as disassembled code, or perhaps more
likely hex opcodes,
prior to programming
the device — which can

I AST month we saw that although hex

File Help

The executable and full source code can
be found in the usual place on the EPE
website (access via www.epemag.wim-
borne.co.uk, and within the PIC n’ Mix

folder).
Actually, 1 originally wrote this as a C++
shell extension that integrated into

Windows Explorer, thinking it would be
nice to show the used memory as a propor-
tion of the capacity of the device, much
like Explorer shows how much disk capac-
ity remains. But then 1 found that the
source contained more code to enable
Explorer behaviour than it did to parse and
present the hex, so it was promptly
dropped.

&. C:\Epedisk5\WorldClock\WCLDCKA450 HEX - EPE Hex File Viewes

Problems like this are not trivial to track
down without a little help, unless you have
a good eye for numbers and too much
spare time. A particular file runs to several
hundred lines of hex digits that disassem-
ble in TK3 without any problems, and
there’s only so much staring at checksums
you can do before everything starts to
merge.

The screen dump in Fig.l shows one
such file opened in the hex file viewer, posi-
tioned to look at the end of the file. Using
the application is simple enough, choose
Open from the menu and select a hex file to
view. The records within it are then parsed
and each displayed as a single row of data,
split into columns that
represent each field of
the record. From the

Record | Type | Bytes | Address | Data

command line, you can
issue “hexview [file-

be useful if you are
using a previously
assembled project to S22 Daa
which you don’t have 523 Data
the source code. 524 Data
Importing a hex file 525 Data
that contains configu- 526 Data
ration word and EEP- 527 Data
ROM data usually 528 Data
means that this infor- 520 Data
mation is set in the 530 Data
IDE also. Tool{a’r TK3 531 Data
doesn’t go quite that 532 Data
far, but you can view
the file as ASCII text :333 Eo)ata
5 : ata
with the View Hex but- 535 Data
ton, and you can disas-
semble it too (Hex to 536  Data
MPASM). = e
There is no symbol- 538 End
ic information stored

16
16
16
16
16
16
16
16
16
16
16
16
16
16

4

2

0

0000

name.hex]” to get the
same result. Some of
the columns imple-
ment “tooltips”, which
are the small pop-up
windows with text
offering  additional
information about a
field over which the
cursor is positioned.
In screen order, the
columns are:

Record: Useful
indicator for showing
the order of records
as written to the file
by the assembler or
compiler.

Type: The record

o

in the hex file, so when
a disassembler recon-

N
[obt " cassic|

type, shown abbreviat-
ed. Tooltips give a full

structs the source code
any CALL or GOTO
statements will show
the destination as
absolute memory loca-
tions (or at least the lower eleven bits of
them). Some software might assign an arbi-
trary label to this address to make reading
the code less of a numbers game (TK3 does
this), but it’s still not as clear as reading the
original where, one hopes, the author has
chosen something much more descriptive.

Exploring Alternatives

You almost never get to see the hex file
in terms of its record structure, perhaps
because it's not that useful unless you’re
actually interested in the mechanics of how
the file is put together. So at the risk of pro-
ducing something “not that useful”, but
nonetheless a bit different, the VB applica-
tion that accompanies the column this
month does just that

on record 536

Fig.1. EPE Hex File Viewer showing an example hex file with a checksum error

There was another reason too — as VB
code it fits more with EPE’s preferred
standard and in particular allows the
possibility of integration with TK3 or your
own programs. A command line option is
included to make this task easier. (John
Becker tells me that he will be integrating
this code with next version of TK3, to be
released in the Autumn.)

Checksum Corruption

The creatively titled “EPE Hex File
Viewer” suddenly becomes very useful
indeed if a file is discovered to contain
errors. In fact while 1 was testing it, I
“accidentally” discovered that MPLAB
does not accept some hex files generated
by an early version of TK3.
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description.

Bytes: The number
(in decimal) of bytes
that appear in the data
field.

Address: The load address of the data in
hexadecimal. Tooltips show the same
address in decimal in case you prefer
things base 10.

To break the hex up a little, alternating
colours are used to show where discontinu-
ous data records appear. These give a feel
for the memory organisation and show up
instances where the author of the code has
set the program origin to a new location, or
where configuration word or EEPROM
data has been embedded within the file.

Be aware that the programmer soft-
ware decides how to fill memory loca-
tions on the device for which there is no
object code. For some PICs it is recom-
mended that a bulk erase be performed
prior to programming, which will clear
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program memory locations to Ox3FFF.
Some programmers, like Microchip's
PicStart Plus, erase and program every
location in a given range regardless,
while others like 7K3 program only the
locations for which there is object code
(which actually makes it faster by
comparison).

Data: Data bytes for the record shown
in hexadecimal character pairs. Tooltips
show the same bytes as ASCII characters,
if they are within the printable range.
While this doesn’t make a lot of sense for
the majority of program memory
(although you might be able to pick
through tables that contain lots of retlw
instructions, for instance, where the 8-bit
literal is an ASCII character destined for
an l.c.d. or similar), it is most useful for
mining embedded EEPROM data. Bytes
that are not printable are shown as space
characters, “ .

Checksum: Shows a tick or a cross,
depending on success or failure of the
checksum calculation respectively, followed
by the value. In failure cases, the repair
menu function is enabled which allows you
to save the file with the corrected checksum
value. (If you use this you’ll be prompted
with the “Save As” dialog in case you don’t
want to overwrite the original file.)

As a nod to tradition, the tab strip at the
bottom of the screen lets you choose to
look at your hex file in the classic Notepad
style with which you might be more
comfortable. '

The screen dump in Fig.] shows that the
problem with the example hex file is the
checksum on record 536. A little further dig-
ging reveals that the problem originates
from a checksum generation error from an
early version of TK3. Checking the “updates
history” file for the latest TK3 showed that
this problem was fixed in March "03.

This file error could be corrected either
by re-assembling with the latest 7K3, with
the repair option from the file menu of the
Hex File Viewer. Whichever way, the
MPLAB IDE then import it.

It is possible that files from other sources
might be reported by MPLAB as being cor-
rupt for a variety of reasons, including gen-
eral corruption of data on a disk. If so it is
worth running the file through the Hex File
Viewer.

Be aware, though, that if a checksum is
shown to be incorrect, this may be
because corruption exists in any one or
more of the several other bytes in that
line, not just in its original calculation. If
this is the case, disassemble the hex file,
through TK3 for instance, or through
other programmers which have a disas-
sembly function, and examine the
disassembled file’s commands, looking
for anything unusual.

Moon and Tide Clock Calendar

Only the L.c.d. graphics display module should give rise for concern
when shopping for parts for the Moon and Tide Clock Calendar project.
The author used a Powertip PG12864-F monochrome Supertwist (STN)
graphics display module, with an on-board Toshiba T6963-based con-
troller chip.

As far as we are aware, this display module only appears on the RS
Components listing, code 329-0329. It can be ordered direct (credit
card only) from RS on ® 01536 444079 or web rswww.com. The last
time we looked, the cost of the display module was around £37 plus a
post and handling charge. It is most likely that some of our components
advertisers will be able to offer a suitable display at a more reasonable
price.

For those readers unable to program their own PICs, a prepro-
%rammed PIC16F877 microcontrolier can be purchased from Magenta

lectronics (B 01283 565435 or www.magenta2000.co.uk) for the
inclusive price of £10 each (overseas add £1 p&p). The software is avail-
able on a 3-5in. PC-compatible disk (Disk 7) from the EPE Editorial
Office for the sum of £3 (UK), to cover admin costs (for overseas charges
see page 744). It is also available for Free download from the click-link
option on the EPE home page at www.epemag.wimborne.co.uk (take
path PiCs/MoonTide).

The printed circuit board is available from the EPE PCB Service, code
467 (see page 744).

Voits Checker

We do not expect any buying problems to be encountered when pur-
chasing components for the Volts Checker project. The author makes the
point that the Zetex ZTX458 transistor is best suited for this circuit and
should not be substituted by other devices unless they can match or
exceed its specification.

As mains voltages could be involved during voltage checks, |t is
assential that a plastic case is used to house the printed circuit board
with nylon nuts and bolts used for the fixings. The small printed circuit
board is available from the EPE PCB Service, code 468 (see page 744).

EPE Theremin

Most of the components needed to build the EPE Theremin project
should be readily available from our components advertisers. The circuit
board will need to be cut to size from a larger piece of stripboard. The
most common large size appears to be 36 or 39 copper strips and n is
probably not worth trimming off the redundant strips.

The 1mH miniature, general purpose, radial lead inductor should be
easy to find. However, if you do have problems try Squires (& 01243
842424 or www.squirestools.com) or Maplin (& 0870 264 6000 or
www.maplin.co.uk).

The telescopic aerials used for the “sensors” are usually sold as
replacements for portable radios. They are certainly listed by Squires
(see above). Finally, invest in as large as possible plastic case that your
“pocket money” will allow to keep the Volume and Pitch sensors apart.

Smart Karts - 1

Apart from the “decks” material and choice of motors, the rest of the
components required to construct the Smart Kart buggy should be avail-
able from readers’ usual components suppliers.

We understand that the author obtained his p.v.c. material for the
decks from a local signwriter as “off-cuts”. You could also try your local
craft shop or DIY store. Apart from some of the companies mentioned in
this month's Robots Special Supplement, such as Jaycar, a good selec-
tion of low-voltage d.c. motors is listed by Squires (& 01243 842424 or
www.squirestools.com).
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For those readers unable to program their own PICs, a prepro-
grammed PIC16F84 microcontroller can be purchased from Magenta
Electronics (B 01283 565435 or www.magenta2000.co.uk) for the
inclusive price of £5.90 each (overseas add £1 p&p). The software is
available on a 3-5in. PC-compatible disk (Disk 7) from the EPE Editorial
Office for the sum of £3 (UK), to cover admin costs (for overseas
charges see page 744). It is also available for Free downioad from the
click-link on the EPE website at www.epemag.co.uk, follow path
PICs/SmartKart).

PLEASE TAKE NOTE
Teach-in Part 10 (Aug '04)
Page 570, Fig.10.14. The top ends of VR2/R17 should be con-
nected to the line above the one shown. Diode D5 should be labelied
D6, and D6 should be labelled D7. The p.c.b. layout is correct.

Water Safety Interlock (Sept '04 Ingenuity Unlimited)
Page 614, Fig.2. A link needs to be made between the trans-
former/relay RLB contact connection and the pump/switch connection.

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

656 PAGE MAIL ORDER CATALOGUE

2004 ISSUE

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

SHOP EXTENSION NOW OPEN

Squires, 100 London Road,
Bognor Regis, West Sussex, PO21 1DD

TEL: 01243 842424 —

FAX: 01243 842525 !VISA
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE

ELECTRONICS CD-ROMS

ELECTRONICS PROJECTS

al= A=
Logic Probe testing

ELECTRONIC CIRCUITS & COMPONENTS V2.0

IR A

Circuit simulation screen

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;
NES55 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.

Provides an introduction to the principles and application of the most common types of
electronic components and shows how they are used to form complete circuits. The
virtual laboratories, worked examples and pre-designed circuits allow students to
learn, experiment and check their understanding. Version 2 has been considerably
expanded in almost every area following a review of major syllabuses (GCSE, GNVQ,
A level and HNC). It also contains both European and American circuit symbols.
Sections include: Fundamentals: units & multiples, electricity, electric circuits,
alternating circuits. Passive Components: resistors, capacitors, inductors,
transformers. Semiconductors: diodes, transistors, op.amps, logic gates. Passive
Circuits. Active Circuits. The Parts Gallery will help students to recognise common
electronic components and their corresponding symbols in circuit diagrams.

Included in the Institutional Versions are multiple choice questions, exam style
questions, fault finding virtual laboratories and investigations/worksheets.

ANALOGUE ELECTRONICS

Complimentary output stage

Analogue Electronics is a complete learning resource for this most difficult
branch of electronics. The CD-ROM includes a host of virtual laboratories,
animations, diagrams, photographs and text as well as a SPICE electronic circuit
simulator with over 50 pre-designed circuits.

Sections on the CD-ROM include: Fundamentals — Analogue Signals (5
sections), Transistors (4 sections), Waveshaping Circuits (6 sections). Op.Amps
— 17 sections covering everything from Symbois 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-Ampiifiers to 8-Bit ADC plus a gallery showing representative p.c.b. photos.

DIGITAL ELECTRONICS V2.0
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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.
Muttiple gate circuits, equivalent logic functions and specialised logic functions.
Introduces sequential logic including clocks and clock circuitry, counters, binary
coded decimal and shift registers. A/D and D/A converters, traffic light controllers,
memories and microprocessors — architecture, bus systems and their arithmetic logic
units, Sections on Boolean Logic and Venn diagrams, displays and chip types have
been expanded in Version 2 and new sections include shift registers, digital fautt
finding, programmable logic controllers, and microcontrollers and microprocessors.
The Institutional versions now also include several types of assessment for
supervisors, including worksheets, multiple choice tests, fault finding exercises and
examination questions.

FILTERS

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
Fliter 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 Fliter 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.

ELECTRONICS
CAD PACK

D i L -
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PCB Layout
Electronics CADPACK allows users to
design complex circuit schematics, to view
circuit animations using a unique SPICE-
based simulation tool, and to design
printed circuit boards. CADPACK is made
up of three separate software modules.
(These are restricted versions of the full
tabcenter software.} I1SIS Lite which
provides full schematc 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
professiona. quality PCBs to be designed
and includes advanced featwes such as
16-layer boards, SMT components, and
an autorouter operating on user generated
Net Lists.

ROBOTICS &
MECHATRONICS

= SSvesS i -

Case study of the Milford
Instruments Spider

Robotics and Mechatroncs is designed to
enable hobbyists/students with little
previous experience of electronics to
design and build electromechanical
systems. The CD-ROM deals with all
aspects of robotics fram the control
systems used, the transducers available,
motors/actuators and the circuits to drive
them. Case study material (including the
NASA Mars Rover, the Milford Spider and
the Furby) is used to show how practical
robotic systems are designed. The resuit
is a highly stimulating resource that will
make learning, and building robotics and
mechatronic systems easier. The
Institutional versions have additional
worksheets and multiple choice questions.
@ |[nteractive Virtual Laboratories
@ Little previous knowledge required
® Mathematics is kept to a minimum and
all calculations are explained
@ Clear circuit simulations

Hobbyist/Student.............cecninnninnccnnnccennenennen.. £45 inC VAT

n . Institutional (Schools/HE/FE/Industry)..............£99 plus VAT
Prices for each of the CD-ROMs above are: Institutional 10 user (Network Licence). .£199 plus VAT

(Order form on third page) Site Licence.........ccueveeerineininnnninnnnnnnnnnn . £499 plus VAT
(UK and EU customers add VAT at 17.5% to “plus VAT” prices)
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PICmicro TUTORIALS AND PROGRAMMING

VERSION 2 PICmicro MCU
DEVELOPMENT BOARD

Suitable for use with the three software packages

listed below.

This flexible development board allows students to learn
both how to program PICmicro microcontrollers as well as
program a range of 8, 18, 28 and 40-pin devices. For
experienced programmers all programming software is
included in the PPP utility that comes with the development
board. For those who want to learn, choose one or all of the
packages below to use with the Development Board.

@ Makes it easier to develop PiCmicro projects

® Supports low cost Flash-programmable PICmicro

devices

@ Fully featurad integrated displays — 13 individual l.e.d.s,
quad 7-segment display and alphanumeric |.c.d. display

@ Supports PICmicro microcontrolters with A/D converters

@ Fully protected expansion bus for project work

® All inputs and outputs availabhe on screw terminat

connectors for easy connection

HARDWARE

£145 including VAT and postage
12V 500mA plug-top PSU (UK plug) £7

25-way ‘D’ type connecting cable £5

SOFTWARE

Sultable for use with the Development Board shown above.

ASSEMBLY FOR PICmicro V2
(Formerly PICtutor)

Assembly for PICmicro microcontrollers V2.0
(previously known as PICtutor) by John
Becker contains a complete course in
programming the PIC16F84 PICmicro
microcontroller from Arizona Microchip. It
starts with fundamental concepts and
extends up to complex programs including
watchdog timers, interrupts and sleep modes.
The CD makes use of the latest simulation
techniques which provide a superb tool for
learning: the Virtual PlCmicro micro-
controller. This is a simulation tool that
allows users to write and execute MPASM
assembler code for the PIC16F84
microcontroller on-screen. Using this you
can actually see what happens inside the
PICmicro MCU as each instruction is
executed which enhances understanding.
@® Comprehensive instruction through 39
tutorial secticns @ Includes Vlab, a Virtual
P1Cmicro microcontrolier: a fully functioning
simulator @ Tests, exercises and projects
covering a wide range of PICmicro MCU
applications ® Includes MPLAB assembler
® Visual representation of a PICmicro
showing architecture and functions @
Expert system for code entry helps first time
users ® Shows data flow and fetch execute
cycle and has challenges (washing
machine, lift, crossroads etc.) @ Imports
MPASM files.

Virtual PiICmicro

‘C’ FOR PICmicro
VERSION 2

The C for PICmicro microcontrollers CD-
ROM is designed for studerts and
professionals who need to learn how to
program embedded microcontrollers in C.
The CD contains a course as well as all the
software tools needed to create Hex code
for a wide range of PICmicro devices —
including a full C compiler for a wide range
of PICmicro devices.

Although the course focuses on the use of
the PICmicro microcontrollers, this CD-
ROM will provide a good grounding in C
programming for any mricrocontroller.

® Complete course in C as well as C
programming for PICmicro micracontrollers
@ Highly interactive course @ Virtual C
PiCmicro improves understanding @

Includes a C compiler for a wide range of
PICmicro devices @ Includes full Integrated
Development Environment @ Indudes
MPLAB software @ Compatible with most
PiCmicro programmers @ Includes a
compiler for all the PICmicro devices.

Minimum system requirements for these
items: Pentium PC running Windows 98,
NT, 2000, ME, XP; CD-ROM drive;
64MB RAM; 10MB hard disk space.

FLOWCODE FOR PICmicro

Flowcode is a very high level language
programming system for PlCmicro
microcontrollers based on flowcharts.
Flowcode allows you to design and simulate
complex robotics and control systems in a
matter of minutes.

Flowcode is a powerful fanguage that uses
macros to facilitate the control of complex
devices like 7-segment displays, motor
controllers and l.c.d. displays. The use of
macros allows you to control these
electronic devices without getting bogged
down in understanding the programming
involved.

Flowcode produces MPASM code wnich is
compatible with virtually all PiCmicro
programmers. When used in conjunction
with the Version 2 development board this
provides a seamless solution that allows
you to program chips in minutes.

@ Requires no programming experience ®
Allows complex PICmicro applications to be
designed quickly @ Uses international
standard flow chart symbols (ISO5807) @
Full on-screen simulation allows debugging
and speeds up the development process
® Facilitates learning via a fuil suite of
demonstration tutorials ® Produces ASM
code for a range of 8, 18, 28 anc¢ 40-pin
devices @ |Institutional versions include
virtual systems (burglar alarms, car parks
etc.).

Burglar Alarm Simulation

PRICES

Prices for each of the CD-ROMs above are:
(Order form on next page)

Hobbyist/Student

Institutional (Schoeols/HE/FE/Industry)

Rowcode Institutional

Institutional 10 user (Network Licence)

Site Licence

£45 inc VAT
£99 plus VAT
£70 plus VAT
£249 plus VAT
£599 plus VAT

(UK and EU customers add VAT at 17.5% to “plus VAT” prices)
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EPE’s own Teach-In CD-ROM, contains
the full 12-part Teach-In series by John
Becker in PDF form plus the Teach-in
interactive software (Win 95, 98, ME and
above) covering all aspects of the series.
We have also added Alan Winstanley's
highly acclaimed Basic Soldering Guide
which is fully illustrated and which also
includes Desoldering. The Teach-in
series covers: Colour Codes and
Resistors, Capacitors, Potentiometers,
Sensor Resistors, Ohm’s Law, Diodes
and L.E.D.s, Waveforms, Frequency and
Time, Logic Gates, Binary and Hex Logic,
Op.amps, Comparators, Mixers, Audio
and ensor Amplifiers, Transistors,
Transformers and Rectifiers, Voltage
Regulation, Integration, Differentiation, 7-segment Displays, L.C.D.s, Digital-to-Analogue.
Each part has an associated practical section and the series includes a simple PC
interface (Win 95, 98, ME ONLY) so you can use your PC as a basic oscilloscope with
the various circuits.

A hands-on approach to electronics with numerous breadboard circuits to try out.

£12.45 including VAT an:‘}aostage. Requires Adobe Acrobat (available free from
the Internet — www.adobe.com/acrobat).

FREE WITH EACH TEACH-IN CD-ROM — Electronics Hobbyist Compendium 80-page
book by Robert Penfold. Covers Tools For The Job; Component Testing; Oscilloscope
Basics.

TEACH-IN 2000 - LEARN ELECTRONICS WITH EPE

IS # | FREE BOOK
o WITH TEACH-IN
2000 CD-ROM

Sine wave relationship values

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. Muiltiple User £39 plus VAT
Student coples (available only with a multiple user copy) £6 plus VAT
(UK and EU customers add VAT at 17.5% to “plus VAT prices)

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 programmin?.

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 ilkistrated 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. Multipie User £34 plus VAT
(UK and EU customers add VAT at 17.5% to “plus VAT" prices)

DIGITAL WORKS 3.0

[
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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
e Powerful tool for designing and learning.
Hobbyist/Student £45 inc. VAT.
Institutional £99 plus VAT.

Institutional 10 user £199 plus VAT,

Site Licence £499 plus VAT.

ELECTRONIC
COMPONENTS PHOTOS

A high quality selection of over 200 JPG
images of electronic

components. This
selection of high

resolution photos can be ey

used to enhance PN L
projects and e b
presentations or to help

with training and S 1 e 4

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. var

Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk space. Windows 95/98/NT/2000/ME/XP, mouse, sound card, web browser.

o o e e VS VPSSR
| _Please send me: CD-ROM ORDER FORM
H [] Electronic Projects
} E Electronic Circuits & Components V2.0
' Analloggf Electronl‘tl:s Version reiqtl;lredé
Digital Electronics V2.0 [[] Hobbyist/Student .
 H Fifers [J Institutional E
i O Electronics CAD Pack [l Institutional 10 user  °
1 [] Robotics & Mechatronics [ site licence
| [] Assembler for PICmicro v
1 [ ‘C’ for PICmicro e
| L] Flowcode for PICmicro
1 [ Digital Works 3.0
]
' [] PICmicro Development Board (hardware)
: [] Development Board UK plugtop power supply
: [] Development Board 25-way connecting lead
| O] Teach-In 2000 + FREE BOOK
| O Electronic Components Photos
. [0 Electronics In Control - Single User
1 [] Electronics In Control ~ Multiple User Note: The software on each version is
: [ Modular Circuit Design ~ Single User the same, only the licence for use varies.
: [J Modular Circuit Design — Multiple User
b U MAME. e
E AOIESS: . .t e e e e e e,
T T LT T T T T Postcode: ................ Tel.No: ..o
SIgNatUIE: . ..

[
]

]

1 01 enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £
| O Please charge my Visa/Mastercard/Amex/Diners Club/Switch: £
i
|
]
]
I
|

Valid From: . ................... Cardexpirydate: ............. .. viviininn..
Card NO: . . Switch Issue No. ... ...
Card Security Code .......... (The last 3 digits on or just under the signature strip)
e ccerwc e o n oo - - - - - - o = = = = - = - - - - - - -
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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 17%%
VAT or provide your official VAT registration
number).

Send your order to:
Direct Book Service
Wimborne Publishing Ltd
408 Wimborne Road East
Ferndown, Dorset BH22 9ND

To order by phone ring
01202 873872. Fax: 01202 874562
Goods are normally sent within seven days
E-mall: orders@wimborne.co.uk

Online shop:
www.epemag.wimborne.co.uk/shopdoor.htm
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For rapid development of electronic systems...

E=blocks are small circuit boards each of which contains a block of electrorics typically found in an electronic system E-bloc<s NEW
e L can be prograrmed In C Assemblv and are tightly integiated with Flowcode - which instantly converts flow charts into
)IOCI\S PICmicro code

+

Low cost USB PIC plus a wide range of .plus incredibly easy .equals extremely rapid system
programmers add-on boards and to use so‘tware based on development: lixe this mobile text messaging
(Slarting at r[g/ moded accessories... flow charts... syster built from E-blocks
shown £¢

Hands on training Resources for learning Complete courses in Equipment for datalogging,
courses CPLD programming electronics and programming control and PC ‘scopes
e A TN

h. . ‘

-
Lo

-—
training ourses Ir =

¢ micro
programming, CPLD programring and
ECAD

and more at:

Maztrix Multimedia Limited

mimi p s ) Muitimedia |
rmuum ...See www.matrixmultimedia.co.uk g o S e

A M TE RANGE OF A Complete range of regulated inverters to power
COMPLETE GEO 220V and 240V AC equipment via a car, lorry or boat LO
INVERTERS battery. Due to their high performance (>90%) the SUMMER
‘ inverters generate very little heat.The high stability of PRICES

150W TO 2500W - 12V & 24V e output frequency (+/-1%) makes them equally
suitable to power sensitive devices.

BK ELECTRONICS

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.

Order Code Power Voltage Was Price

651.581 150W Continuous 12V _£36:39 £29.72
651.578 150W Contiruous 24V 23639 £29.72

651.582 300W Continuous 12V _£60:67 £41.93
651.585 300W Continuous 24V £56:697 £41.93

651.583 600W Continuous 12V £184+59 £83.76
651.593 5(0W Continuous 24V £184£9 £83.76

651.587 1000W Continuous 12V £177 T8 £147.52
651.597 1000W Contintuous 24V £17718 £147.52
651.602 1500W Continuous 12V £314:52 £261.18
651.605 1500W Continuous 24V £34457 £261.18
651.589 2500W Continuous 12V £49654 £416.27
651599 2500W Continuous 24V £490654 £416.27 o

REF D5

Mzny uses include:- . Fetes . Fairgrounds . Airshows . Ficnics . 853¥§2LR%};AA28:§0fg%gﬁ%EpsEF(‘;o%Dggblgg FIL(I:.EMS-
Camping . Caravans . Boats . Camivals . Field Research and . Amateur ; : ; : !
ETC. PRICES ARE INCLUSIVE OF V.A.T. SALES COUNTER. VISA

fiadio field days * Powering Desktop & Notepac Computers. AND ACCESS ACCEPTED BY POST, PHONE OR FAX, OR EMAIL
T . US AT SALES@BKELEC.COM ALTERNATIVELY SEND CHEQUE
I = , ““"=“  OR POSTAL ORDERS MADE PAYA3LE .
amm b B.K. ELECTRONICS For Full Specifications View our web site at:-
UNIT 1, COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR WWW BKE I HTM
TEL.: +44(0)1702-527572 FAX. +44(0)1702-420243 BuA A AT AN AoNodo] JILNA AN A NG00
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Regular Clinic
Circuit
Surgery

Alan Winstanley and lan Bell

The identification of resistors and some essential safety advice are the topics of

On Your marks

“I'm having difficulties with understand-
ing resistors. Can you briefly explain the
naming conventions to me? I’ve seen resis-
tors that are called 100 ohm and 100R
(which I assume are the same). I've also
seen IR2 and even ORI.

1 asked a supplier for some parts includ-
ing a set of SW ORI resistors, and the ones
I received are marked as follows:

ERG 58 ER RI10OJ 8450

Can you help me unravel these mark-
ings? Thanks from John Neal,
Southampton.”

On your first question, it is simply a
printer’s convention that decimal points in
resistor values are denoted using the multi-
plier letter instead. This helps ensure that
resistor values won’t be misread due to, for
example, a decimal point not printing very
clearly on the paper.

The capital letter “R” is used for resistors
under | kilohm. So 0-1 ohms is indeed the
same as OR1 and 100 ohms can be listed as
100R (which means 100-0 ohms). Next up
the scale, a lower-case letter “k” is used for
denoting kilohms, so that 2k2 is shorthand
for 2.2 kilohms or 2,200 ohms, and of
course 680k is 680 kilohms. Lastly, the
upper-case letter “M” relates to megohms
(millions of ohms), so a 2M2 resistor is
2,200,000 ohms and 10M is 10 megohms.

Similar customs are used to describe
capacitor markings, with letters represent-
ing the decimal point location. You may
see 2u2 to describe a 2-2uF (microFarads)
capacitor, and the lower-case letter “n” for
nanoFarads, so 100n is 100 nanoFarads.
The letter “p” relates to picoFarads, so 4p7
is 4.7 picoFarads and 22p is shorthand for
22 picoFarads.

On the second question of resistor mark-
ings, it can take quite some practical expe-
rience to decipher some of the very cryptic
markings seen on electronic components.
The fun usually starts when you open a bag
of freshly-delivered parts and try to com-
pare them against what you actually
ordered!

ERG is a resistor manufacturer (which I
only know due to my constant flicking

722

this month’s column.

through countless catalogues). The only
other marking I recognise is the RI10,
which it is safe to assume is a OR 10 resis-
tor or 0-1 ohms. The leading zero in the
value has not been printed on the resistor.

More by elimination than anything, the
58 ER can’t be a resistor value because it’s
not a preferred value (see Table 1). I guess
the 8450 is a batch number, possible week
50 of the year it was made, an Orwellian
1984.

Table 1: E12 (grey values only) and
E24 preferred values used in
resistor, potentiometer and
capacitor manufacture.

1.0 2.2 47
1-1 2.4 51
1.2 2.7 56
1.3 30 62
15 33 68
16 36 75
18 3.9 8-2
2.0 4.3 91

Preferred Values

Manufacturers produce resistors, poten-
tiometers (variable resistors) and capaci-
tors in ranges of “Preferred values”, see
Table 1. The most basic range is the so-
called E12 set that divides the range 1-10
into 12 roughly equal steps. The popular
E24 range consists of 24 preferred values,
whilst the E48 and E96 ranges are seldom
seen in hobby electronics, but would be of
interest to commercial manufacturers. For
instance, 47 is an E12 value, but would you
really be fussy whether your circuit used a
47-5 or 48-7 E96 value?

Smaller capacitors (especially ceramic
ones) can be printed with mad numerical
codes that can defeat the finest of electron-
ics minds, forcing users to retreat to the
data library to decrypt the capacitor’s
hieroglyphics. Don’t worry, it all comes
together with practice. A.R.W.

More on SuperGlue

Following on from our safety item on
Super Glue (July 2004 issue), an email was
received as follows:

“1 just purchased the July 2004 EPE and
was reading the article Super Glued. /
noticed you did not mention anything
about the potential “fire hazard" of super
glues when they come into contact with a
porous and flammable material like cotton
(e.g. cotton balls, swabs, clothing etc).

Due to the nature of how these super
glues set when spread out very thin, which
happens when they come into contact with
a porous material that soaks up and dis-
tributes the glue so fast that it sets almost
instantly, the “heat” produced can (and
has been proven by me) cause the material
to burst into flames if the conditions of
adequate oxygen or oxidising agent(s) are
present.

Just one or two standard drops on a
“dry” cotton ball in low humidity (20% or
less) can easily start a fire — but more often
than not there will just be a bit of gaseous
fumes and/or smoke. Still, I've learned this
from experience when 1 accidentally
spilled two grams of superglue on my cot-
ton trousers one horrible day.

It’s strange that all the “Data Sheets” on
various super glues that I've read fail to
mention this potential deadly problem —
especially in the electronics industry where
flammable solvents are often stored near
such glues.

Lastly, you also didn’t mention the dan-
gers about super glue in the mouth — alas,
as many of us tend to use our teeth to open
a frozen/glued cover.” (Anon.)

Although 1 worked in manufacturing
industry for a long period I didn’t hear of
any incidents of Super Glue causing fires,
and I am not aware that it has any particu-
lar exothermic properties (emitting heat
during curing). Valuing the integrity of my
workshop 1 have not attempted to run any
experiments and I strongly recommend
that Super Glue is not played around with.

The previous article gave some common
sense advice (and some less well known
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information) about handling tubes of
cyanoacrylate adhesive. As for superglue
in the mouth, well, I used to compile
instructions (in eleven languages!) for con-
sumer products. during which time I
learned that some consumers really do
leave their brains in neutral gear at operat-
ing time.

Needless to say (or is it?), putting tubes
of glue in the mouth or near the eyes is a
MUST NOT. In today’s blame culture I
can understand why manufacturers protect
themselves by printing disclaimers on their
products, as I have been there myself. (E.g.
“This pie may be hot after heating.”)
ARW.

A Shocking State

We will round off this month’s article
with some more timely reminders on First
Aid, this time relating to the risks related to
electric shock. This has been prompted by
the near tragedy that befell a neighbour of
the writer, whc this week suffered an
entirely avoidable electric shock with near-
fatal results. Although this column does
not really cover “electrical” issues, some
common sense reminders on first aid and
safety matters are never wasted.

A friend started to rewire some electric
lighting but failed to isolate the mains elec-
trical supply (an example of an unthinking
consumer, see above). This is even more
startling because he was formerly an elec-
trician in the armed forces.

He started to strip the electric cables and
his wire strippers bit into the live (hot) cop-
per conductor. The resulting shock caused
convulsions and he was unable to release
his grip on the wire strippers. It is solely
because his wife was nearby, and she
quickly pulled the plug out of the mains
outlet, that he nianaged to escape with his
life. There are some lessons to be learned
by everybody, and so this article is dedicat-
ed to Stuart the ex-electrician who is very
lucky to be alive.

It stands to reason that all mains supplies
must be fully isolated before working on
them. Skilled and qualified electricians
will work happily on live mains fuseboxes,
but as for the rest of us, complete electrical
isolation is the name of the game.

This does not necessarily just mean
switching off, because parts of the circuit
(e.g. up to and including the fuse) could
still be live. The first point is that working
on your own means that there would be no-
one around to help you if anything went
wrong, which is partly why in education it
is forbidden to work with the mains supply
by yourself if at all.

There are plenty of low cost voltage
testers available that will warn you when
supplies are live (such as Fluke’s *“Volt
Alert” neon indicator from Maplin, code
JJ18U, that doesn’t even need to touch the
mains wiring). These should be part of
everyone's toolkit. Without fail, I use a
mains-rated voltage probe to double check
for live wires and I never, ever take any-
thing for granted.

Deep Suspicion

If you want an example of why I view all
mains wiring with deep suspicion, try this:
after a major water leak and plumbing dis-
aster in the author’s kitchen, the whole lot
had to be rebuilt from scratch. The
“builders” also kindly reinstalled the

Table 2: Electric Shock Dangers

Current Effect

1mA Tingling sensation

9mA Probably able to release the device

16mA Borderline on ability to release the device

25mA Probably unable to release the device

16-50mA PAIN. Possible unconsciousness. Heart and respiratory functions
probably continue.

> 100mA Heart tremor (ventricular fibrillation). Respiratory paralysis.

Asphyxia, suffocation. Severe shock and burns. Possible death.

dishwasher, which, one day, suddenly
broke down. A piezo buzzer on the control
panel warned of a fault condition. I turned
off the wall switch but the buzzer kept on
sounding; I removed the fuse to test it and,
impossible to believe, the buzzer still kept
bleeping.

Not relishing the idea of kneeling in a
pool of water whilst tinkering with the
electrical supply, it was then time to throw
the master switch at the fuse board and iso-
late the whole building. It turned out that
the “builders” had wired the dishwasher to
the wrong terminals of the mains outlet,
and had, in fact, wired it directly to the
incoming ring mains terminals, thereby
bypassing the fuse and switch altogether,
so the whole appliance was still live even
after I removed the fuse.

Nor do I trust the Live and Neutral wires
to have been wired the correct way round
either, ever since discovering a socket here
in the Surgery that had a reverse polarity: it
was permanently live. Simple neon testers
are available that warn of mains socket
wiring faults.

I too must admit to having had a near-
miss of my own making, while stood knee
deep in a garden pool clearing some lily
roots and weeds, I held a very tough piece
of blackened root between the blades of
my garden snippers — and several
“ohnoseconds” later realised that I was
about to slice through the mains cable
feeding the electric pump . . .. *7!!

Out Of Control

Looking at the issues surrounding elec-
tric shock from the mains, the nature of
alternating current means that you may
lose control over the muscles. You may be
unable to release your grip. The heart is
also a muscle, and if this organ is in the
path of the electric current then the heart-
beat will be disrupted. Perversely, the heart
is most susceptible to stimulation at a fre-
quency of about 50Hz, which is the UK
mains frequency. Furthermore, you may
lose control over breathing functions and
suffocate.

How much current flows through the
body depends on a number of factors
including skin surface moisture content,
the route of the current through the body
and what the victim was standing on (e.g.
directly on earth or on a rubber mat); this
latter point is why electrician’s ladders are
made of glass fibre. A smaller shock can
still throw someone against a wall, causing
an injury. Table 2 summarises the dangers
of electric shock on human beings.

Additionally, burns may be caused that
may run deeper in tissue than any visible
outer burns might suggest, so this situation
may be a medical emergency.

In the case of Stuart his wife had the pres-
ence of mind not to touch the victim or she
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too would have received an electric shock.
The correct action is to isolate the electrical
supply, switch off or unplug, or use e.g. a
dry wooden pole, wooden chair or other
non-conductive material to reach over or
push the victim clear of the live supply.

If the victim has stopped breathing, arti-
ficial respiration techniques should be used
if you know how to apply the kiss of life.
The latest advice on burns treatment is that
pain and tissue damage can be reduced by
cooling the area with plenty of clean water
(apparently not using ice packs etc. which
can damage nerves). Remove any item of a
constrictive nature before swelling starts
(e.g. watch straps, rings, boots etc.) and
apply a sterile dressing.

@
"“ = /

.

An example of a typical plug-in RCD,
with test button and warning neon on
the front. The reset button is on the
back.

Safety First

A major improvement in safety will be
derived from using Residual Current
Devices (RCDs) formerly known as Earth
Leakage Circuit Breakers (ELCBs), or
Ground Fault Circuit Interruptors (GFCls)
in the USA. These detect any imbalance
between current flowing in and current
returning. Any discrepancy is due to earth
leakage, e.g. faulty insulation or an
electrical fault, and beyond a certain value
(typically 30mA), the RCD will trip and
completely isolate the appliance from the
mains. My first kitchen rewiring job
involved adding an RCD mains outlet for
the dishwasher.

These should not be confused with an
ordinary miniature circuit breaker (MCB),
which is nothing more than a resettable
thermal fuse. Enjoy your hobby, use your
special knowledge to encourage safe prac-
tice amongst your family and friends and
most of all, stay safe. A.R.W.
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Constructional Project

Smart
Karts

Owen Bishop

Part 1 — Basic Construction

Get Smart! — Build a PIC-based mobile buggy that’s expandable to meet your needs

the construction of a mobile hobby

robot, Smart Kart, and then proceed to
variously equip it with a collection of
sensors and actuators, each capable of a
variety of tasks, some serious and some
amusing. There are also discussions about
the controlling software and how you can
modify it to suit your own needs.

The basic Smart Kart has a pair of infra-
red sensors and a range of “bells and
whistles” (actually, l.e.d.s and a bleeper) to
give it character. They also indicate what it
is going to do next.

Smart Kart comprises three decks (see
photographs) joined vertically by spacer
tubes. Construction is very simple, requir-
ing few tools and does not involve high-
precision engineering.

On the Move

The system of propulsion is a favourite
one for small robots. The two drive wheels
are separately driven by low-voltage d.c.
electric motors. They each have a 1:288
gearbox to reduce the motor speed to a rea-
sonable rate. The prototype has forward and
reverse speeds of about 10cm/s, which is
ideal for indoor operations. Balance is main-
tained by a castor at the rear of the vehicle.

In the basic Smart Kart, the motors are
either switched off or run at full speed.
Later in the series we introduce motor

I N this short series of articles we describe

speed control when it suits the application.
The simple on-off control used in the first
application gives nine possible actions, that
are combinations of off, forward and
reverse for each motor.

The motors are switched by an H-bridge
of transistors, controlled by a PIC16F84
microcontroller. The battery for the motors
is a pack of four AA-type rechargeable
lithium metal hydride cells. Each cell
delivers a nominal 1-2V, giving a total of
4.8V.

The control circuit, sensors, bleeper and
l.e.d.s are powered by an identical but sep-
arate battery. This is to avoid power-line
glitches from the motors getting on to the
sensor circuits and possibly interfering
with the action of the PIC.

Getting Started

Before discussing further what the Kart
can do, and how it does it, we first describe
the physical construction of its mobile
platform. Although we start off with the
hardware, the electronic circuits and their
construction also play a part in the overall
assembly, and both aspects must be consid-
ered jointly.

It is best to build the robot one deck at a
time, completing each deck with the mount-
ed items, including the electronic circuit
boards, before working on the next deck.
We begin by describing the lower deck.

Smarty in line-follower mode. The robot pauses while deciding whether to turn left
or right at a junction in the maze. This view shows the rear castor. The PIC is visible
in the middle of the processor circuit board.
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Building the Lower Deck

For the prototype, 3mm expanded PVC
board was used for the decking, but the
Smart Kart could instead be built from ply-
wood, hardboard, or many of the other
plastic-based boards that are readily avail-
able. Expanded PVC board is one of the
best of these. It is light, rigid and easily
worked. It can be cut with a craft knife,
using a steel rule. It can be glued using
PVA clear-drying adhesive.

It is slightly resilient so it is unnecessary
to use locking washers when bolting parts
together. Unlike expanded polystyrene, it
does not crumble and has a smooth “solid”
surface. Finally, it is self-coloured (red,
blue, yellow, green, black, white) so does
not need painting. It is fairly expensive by
the sheet, as used by signwriters, but off-
cuts are usually available.

A cutting and drilling guide is given in
Table 1 and Fig.1. Note that the exact num-
ber of holes and the positions for some of
them depends on the sizes of items to be
attached and what diameter bolts they
require. Read each section’s description
thoroughly before marking out, cutting and
drilling each board. as it may be necessary
to modify the dimensions.

Avoid being tempted to make the overall
size larger than shown — an over-large robot
may be too heavy for the motors to drive
and it may be difficult for the robot to
manoeuvre in confined spaces (such as the
average living-room or the average dining-
room table).

The lower deck holds the motors with
their gearboxes, the power switching board
and the battery box that supplies the
motors. The motors and/or the gearboxes
will probably already have mounting holes
drilled, usually for 2mm bolts. If not,
springy clips are available for gripping
small d.c. motors.

Mount the moteors and gearboxes so that
the axles are fairly close to the front edge of
the deck. This helps to ensure that the sen-
sors remain close to the path when the
robot spins leit or right.

Wheelies

A frequent problem is fixing the wheels
securely to the axles, since very few wheels
have grub-screws for this purpose. Plastic
wheels were used in the prototype, SOmm
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HARDWARE
... YOUWILL NEED

PVC board cut and drilled as in Table 1 and
Fig.1.

Spacers cut from plastic tubing (usually
ABS). see text for lengths (6 off)

Bol:s for spacers, with nuts, preferably not
more than 5mm diameter, see text for
lengths (6 off)

Bolts and nuts for sensors, M3, 30mm long
(2 off)

PVC water-pipe coupling 27mm internal

diameter, 32mm external diameter, length
42mm (2 off)

Gearboxes, high reduction ratio, often inte-
gral with motors (see text) (2 off)

Drive wheels, 5cm diameter, preferably with
rubber tyres (2 off)

Castor, small furniture type, preferably with
ball-bearing swivel

Assorted M2, M3, and M4 bolts and nuts
Miniature stick-on cable clips, as required

Glue for upper deck panels
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The Smart Kart, showing its three decks, large drive wheels
and the pair of sensors.

4

Early stage in construction of the prototype shows the motors
and gearboxes, with the power switching board.

Table 1: Cutting and Drilling Guide.

Piece

Dim. (mm) Holes for
Lower Deck 165 x 135 separators (3),
(see Fig.1) motors/gears, battery box,
power board
Middle Dack 165 x 195 separators (6), battery box,
(see Fig.1) processor board, castor,
sensors (2), cable, com-
mon 0V wire
Sensors 60 x 40 (2 off) bolt, wires, screwdriver

Upper Deck — bottom 165 x 110 separators (3), slot for
cable

Upper Deck - top 165 x 110 beacon |.e.d., bleeper
(mounting and connector)

Upper Deck - front 165 x 25 headlight l.e.d.s (2)

Upper Dack — rear 165 x 25 reversing and indicator

le.d.s (2)

Fig.1. Cutting and drilling guide for the boards. Exact
pcsitioning of holes depends on the sizes of the items
to be mounted.

Everydav Practical Electronics, October 2004

Upper Deck — sides
Upper Deck - tabs

104 x 25 (2 off)  indicator 1.e.d.s (2)
31 x 20 (5 off) -
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diameter, with 5Smm diameter axle holes.
Axles of small gearboxes are often 3mm in
diameter. Cut a 10mm length of standard
plastic aquarium aerator tubing to give a
friction grip between axles and wheels.

First push the tubing on to the end of the
axle; it should be a fairly tight fit. Then
push the plastic-sheathed axle into the hole
in the wheel. This too should be a tight fit.
In many hours of testing, the wheels never
came loose or dropped off. If you are not so
lucky as to find compatible wheels, axles
and tubing, you could try using lengths of
PVC insulation stripped from mains cable.

One point to remember when mounting
items on this deck is that bolts should gen-
erally be inserted in an upward direction,
with their heads flush with the underside of
the deck. This minimises the risk of bolts
catching on the carpet or other soft surfaces
as the robot moves along.

In the prototype, a battery box with a
switch on its underside was used. Because of
this, a slot had to be cut in the lower deck to
allow access to the switch from below.
However, if you are using a switchless box,
you will need to drill a hole to mount a
miniature low-voltage toggle switch.
Probably this is best mounted toward the rear
of the middle deck for easy access (see later).

Between Deck Spacers

A feature of this vehicle is that each deck
is separated from adjacent decks by spac-
ers, rather like those used for mounting cir-
cuit boards but considerably more robust.
The boards are held together by long bolts
which press the boards firmly against the
ends of the spacers (see Fig.2).

The spacers used in the prototype are
lengths of black ABS tubing 21mm in
diameter with a 13mm bore. The tubing
was cut from fittings wused for
garden/greenhouse reticulation (or irriga-
tion) systems. These are cheap to buy and
easy to cut with a junior hacksaw.

The length of the spacers between the
lower and middle decks is determined by
the dimensions of the castor (see photo
below). It was felt preferable to use a real-
ly freely-turning castor that does not drag
on the surface and divert the robot from its
path. DIY stores stock a range of furniture
castors with ball bearings and one of the
smaller types was chosen. It functions
perfectly.

First of all, work out the clearance
between the underside of the lower deck
and the running surface. This depends on
the radius (r) of the drive wheels, the thick-
ness of the board (t) and the height above
the board of the axle centre (a):

Clearance=r—-t—-a

Allowing for protruding bolt-heads
below the lower deck, it is advisable to
have 10mm or more clearance for negotiat-
ing the edges of rugs and other hazards.
Given the height (h) of the castor, the
radius (r) of the drive wheel and the height
of the axle (a), the required length (s) of
each spacer is:

s=h-r+a

Before cutting the spacers, check that the
distance between the decks is sufficient to
allow you to insert and remove the cells of
the motor power supply. If this is insuffi-
cient, consider mounting the castor on a
block, or using a larger castor. It is impor-
tant for the appearance and operation of the
robot that the decks should be level.

Having determined the required length
of the spacers, you need three long bolts
with nuts (e.g. 50mm roofing bolts — DIY
store again). Drill holes for the bolts at the
centre front and the two rear corners. The
distance from the edge and corners is a few
millimetres greater than the external radius
of the spacers. At the same time drill
matching holes in the middle deck.

MIDOLE
DECK

LOWER
| DECK

~” BOLT HEAD

Fig.2. Connecting £
decks by spacers. 3

connected.

\
Building the Middle Deck

The middle deck carries the processor
board, battery for the processor and its
input and output circuits, the sensors
(though these can be mounted elsewhere if
you want to experiment), and the castor.

The castor is bolted at the rear end of the
board. Although it normally trails behind as
the vehicle moves forward, it must be free
to turn to the opposite position when the
vehicle is reversing. You may need to make
the middle deck longer, to position the cas-
tor further back from the lower deck. The
castor must turn freely through 360°.

al
Iclearance

Showing how the dimensions of the castor determine the required length of the
spacers between the lower and middle decks.
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£ /
The upper deck at the stage when the l.e.d.s are being

If the processor battery holder has a
built-in switch, you may need to cut a slot
in the deck, as with the motor battery hold-
er. Otherwise, mount a separate miniature
switch on the deck, alongside the switch for
the motor battery. Make sure that the bod-
ies of the switches do not obstruct the turn-
ing of the castor.

Two holes are needed in the deck for
wires (4-cored cable and a common 0V
line) to come from the lower deck. The two
sensors are mounted at the front edge of the
middle deck, directed downward. Two
holes are needed for bolting the sensors to
the deck.

The middle deck is supported above the
lower deck by three separators. One is
close to the centre of the front edge and the
other two are at the rear corners of the
deck. Leave room for these when planning
the layout of the items on the deck, but you
will not be able to fit them until later.

Building the Upper Deck

There is scope for inventiveness in
designing and decorating the upper deck.
For the prototype, a shallow box (see
below) was made to house the Effects

circuit board, with the l.e.d.s and the bleep-
er mounted on the top and sides of the box.
The box was made from rectangular panels
of PVC board glued together by their
edges. It consists of a shallow tray with a
drop-on lid, held in place by five rectangu-
lar tabs projecting 3mm above the top of
the box.

It is essential to drill the holes in the pan-
els before gluing the panels together. The
sides have pairs of Imm holes through
which the wires from the l.e.d.s pass. The
bottom has three holes in it for the bolts of
the separators. The bottom also has a slot
cut in it to pass the 6-way socket from the
Effects board out of the box, down to plug
on to the processor board on the deck below.

The upper deck is mounted on three
spacers, placed at the centre of the rear
edge and near the front two corners. Leave
room for these when planning the middle
deck. Drill three holes for these bolts in the
middle deck, and three matching holes in
the board that will eventually form the bot-
tom of the upper deck.

The spacers can be any reasonable
length, the main point to consider is to
have enough room between the middle and
upper decks to allow the PIC to be
removed easily from its socket for
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circuit to put the motors under the control
of the PIC. The control circuit for each
motor is a conventional H-bridge, in this
case based on a four low power transistors,
two npn, two pnp. The circuit diagram for
this bridge is shown in Fig.3, and two
copies of it are nzeded. This is reflected in
its component numbering - those notations
in brackets are for the second copy.

The circuit is cperated by applying either
a high voltage (4-8V) or a low voltage (0V)
to terminals A and B. If A is made high and
B is made low, TR1 and TR4 are switched
on, while TR2 and TR3 are switched off.
Current flows frcm the positive supply line,
through TR1 (or), through the motor from
left to right (in the figure) and through TR4
(on) to the OV line.

If A is made low and B is made high,
TR2 and TR3 are switched on, the other
two transistors being turned off. Current
flows through the motor from right to left
(in Fig.3), so driving it in the opposite
direction. If A and B are both high or both
low, no current flows through the motor.
The capacitor (C1) across the terminals of
the motor filters out the worst spikes on the
supply lines.

Construction

The stripboard component assembly lay-
out for both copies of this circuit is shown
in Fig.4. First cut out a rectangle of strip-
board having the same number of strips and
holes as indicated. Then cut the copper
strips beneath the board where shown. Drill
two 3mm mounting holes and drill match-
ing holes in the lower deck.

Solder the wire links first, then the tran-
sistors and finally the 2-way terminal
blocks. The +VE and OV terminals are
wired to the battery box (through a switch,
either built-in or separate, as discussed
earlier).

The terminals labelled Agyt and Boyt
are connected (o the left-hand motor, with
Agur going to the brush on the left of the
motor. Those labelled Coy1 and Dgyt are
connected to the right-hand motor, with

The other terminals,
AconT: Beont, Ceont
and D¢onr are control
inputs to the transis-
tors. Eventually these
will be connected to
the PIC microcon-
troller. For the present,
test the assembly by
switching on the
power, and using tem-
porary leads to connect
tnese terminals to the
positive supply or to
OV for test purposes.

If the motors are
wound with the same polarity as those used
in the prototype and have the same gearbox,
they will turn the drive wheels in the forward
direction when A is made low and B high (or
C low and D high). If the wheels turn in the
everse direction, swap the leads going from
the term:nal blocks to the motors.

When the power board has been tested,
connect a 4-core light-weight cable to the
control terminals. This should be about
20cm long to reach to the processor board,
which will eventually be mounted on the
middle deck. Note the colours of the wires
to assist you when soldering their other
ends to sockets later.

Connect the battery to the power termi-
nals (+VE, 0V), carefully observing the
correct polarity, inserting a switch in the
+VE line if the battery box does not have
one. The leads to the switch should be long
enough to run to it when it is mounted on
the middle deck. Finally, connect a wire to
the OV terminal to act as a common OV line
for the two power supplies. Another 0V
connection will also run to the OV terminal
on the Processor board.

Make certain that the component wires
are clipped short on the underside of the
board. Secure the board to the lower deck,
using 3mm nylon nuts and bolts. Use short
spacers if you prefer, but remember that
there is not much headroom between the
lower and middle decks.
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Component layout on the completed Power Switching board.

COMPONENTS

POWER SWITCHING BOARD

Capacitors
c1,c2  100n See
polyester |\~
(2 off)
Semiconductors Tp .A" LK
TR1, TR3,
TR5, TR7 BC639 npn transistor
(4 off)
TR2, TR4,
TR6, TR8 BC640 pnp transistor
(4 off)

Miscellaneous

M1, M2 3V d.c. motor, with
reduction gearboxes
(2 off)

S3 s.p.s.t. toggle switch

(option — see text)

Stripboard, size 13 strips x 27 holes;
AA battery (4 off), plus holder; 2-way
p.c.b. screw terminals (5 off); M3 nylon
nut and bolt (2 off); wire for links and con-

nections, solder, etc.

excl. batts & motors

Approx. Cost
Guidance Only
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Processor Circuit

The Processor circuit is the heart of the s‘,{_ 12
system, and its circuit diagram is shown in i e (o) Ligepy
Fig.5. L 10 —

The circuit is based around a PIC16F84 neHme TV per paifIC20 P27
microcontroller, IC1. Its operational speed NCISN SerEIROUT SENSOR
is set by the values of resistor R2 and . _12_4@5 oo =
capacitor C4. It is held in normal running . 4081 B °
mode by resistor R1, with switch S5 pro- Rz ; |
viding a Reset control if needed. Capacitor e cr 5w
C3 provides a slight delay between the PICIGF84 RB2 oo pa2 | [ 10
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running mode. C5| mimm 7

PIC pins RBO to RBS and RAO to RA3 1o S o o =
supply output control signals to other o 330p ﬂ= RBS =0 LIS
aspects of the whole system. Control sig- rao 2 )
nals from those aspects are input to the PIC il o] rat 122 D =
via AND gates IC2a and IC2b, respectively POWER
into PIC pins RB6 and RB7. o bl ° BOARD

The 4-8V power supply is switched to - g :1

the circuit by S4, with capacitor C5 provid-
ing power line decoupling.
The stripboard layout for this circuit is

5 B
1C2cY10.
4081 .
|

shown in Fig.6. Again cut out a rectangle of wo
stripboard to the size indicated, and cut the

The processor board, without the PIC but showing its turned-

pin socket.

PROCESSOR BOARD

Resistors
R1 1k
R2 56k See
Both 0-25W 5% tolerance or better. SRIO@
Capacitors TALK
C3 10n polyester, 5mm pitch page
C4 330p ceramic, 5Smm pitch
C5 100n polyester, 5Smm pitch
Semiconductors
IC1 PIC16F84 microcontroller, pre-programmed
(see text)
IC2 4081 quad 2-input AND gate
Miscellaneous
S4 s.p.s.t. min. toggle switch (option — see text)
S5 s.p.s.t. snap-action pushswitch, p.c.b. mounting
PL1 4-way locking and polarising header
connector, with matching socket
PL2 8-way locking and polarising header

connector, with 2-way and 6-way sockets

Stripboard 47mm x 73mm (18 strips x 28 holes); 2-way p.c.b.
screw terminal; 14-pin d.i.l. socket; 18-pin d.i.l. socket; AA battery
(4 off), plus holder; wire for links and connections; solder, etc.

Approx. Cost
Guidance Only £9

excl, batts
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Fig.5. Circuit diagram for the PIC microcontrofler Processor
stage of Smart Kart.

copper strips beneath the board where shown. Drill the three 3mm
mounting holes and drill matching hoies in the middle deck.

Assemble he board in order of link wires, i.c. sockets, and then
in ascending order of size. The 18-pin i.c. socket should be a
turned-pin type for easy removal and replacement of the PIC. Do
not insert the PIC into its socket at this stage. Wit until after all the
connections have been tested. A campleted assembly, but without
the PIC, 1s shown in the photograph on the left.

The +VE and OV terminals are wired to the battery box through
a switch, either built-in or separate, as previously discussed.
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Fig.6. Stripboard layout of the processor board.
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Table 2: Processor board connections, Plug PL1 (Port A)

Port name Fin no Vo Connected to
RAO 17 Output Power board, terminal A, left motor
RA1 18 Output Power board, terminal B, left motor
RA2 1 Output Power board, terminal C, right motor
RA3 2 Output Power board, terminal D, right motor
Pin RA4 is not used, and is unconnected, so it is available for experimental use but can be left
unused.

Table 3: Processor board connections, Plug PL2 (Port B)
Port name Pin no. Vo Connected to
RBO 6 Output Headlamp l.e.d.s
RB1 7 Output Reversing l.e.d. and bleeper
RB2 8 Output Left indicator |.e.d.
RB3 9 Output Right indicator l.e.d.
RB4 10 Input Behaviour mode select S1
RBS 11 Input Behaviour mode select S2
RB6 12 Input Infra-red sensor, right
RB7 13 Input Infra-red sensor, left

Connections to the board are through
0-lin. (2-5mm) pitch pin-plugs and sockets,
with a 2-way terminal block for the power
supply. The board can be completely dis-
connected should you want to take it out
and change its wiring.

Plug PLI carries the wires from the
power switching board to PIC Port A.
Solder a 4-way socket to the 4-way cable
and plug this on to PL1. Plug PL2 is an 8-
way connector but there are two sockets
mating with it. A 2-way and a 6-way sock-
et will usually fit neatly onto PL2, but first
you may need to pare away one of the
polarity guides on each socket. Ignore PL2
until the sensors and effects boards have
been built.

The plugs are connected as indicated in
Table 2 and Table 3.

Sensors

There are two sensors, each comprising
an infra-red (IR) .e.d. and an infra-red pho-
todiode. The le.d. is directed down onto
the surface over which the vehicle is travel-
ling. The photodiode receives the reflected
radiation. The sensor gives a low logic
output when the surface is black or dark-
coloured, and a high output when the
surface is white or light- coloured. The
reason for using infra-red is to avoid inter-
ference from ambient light. No problems
were found when operating in bright indoor
daylight, or in low-level incandescent
illumination.

The sensors are used to detect lines
painted in black on a white background.
Theoretically, it is possible to operats the
sensors in the reverse direction, by chang-
ing the program so that they respond to
white lines on a black background. This
was the original intention, but an unexpect-
ed problem was encountered - some black
cardboard is not black, or at least, it is not
black in infra-red light.

Two different batches of black card were
tried, purchased from the same stationers.
They both looked equally black to the eye;
one did not reflect IR, but the other reflect-
ed it very strongly. The robot was unable to
detect a white strip on the reflecting black
background. So it was decided to use white
(or light-colourzd) fluorescent or metallic
card as the background and paint the paths

on it, using acrylic paint (black or Payne’s
Grey).

Sensor Circuit

The circuit diagram for one IR Sensor is
shown in Fig.7 (the bracketed numbers
refer to the second channel). IR l.ed. DI
has series resistor R3 limiting the current to
40mA. This is near the maximum for the
lL.e.d., producing a high level of illumina-
tion. The radiation reflected back from the
surface (Fig.8) is detected by IR photodi-
ode D2. This is reverse-biased so only a
weak leakage current flows.

The current passes through a high
resistance (R4 plus preset potentiometer

a K
SN SR
k a
b
eut
1 To
IC2a (IC2b)

R3 (R5) VR1 (VR2) Via
10062 ™ PL2/6 (PL2/7)

0V O———-rst

Fig.7. The circuit of one sensor.

HOLE FOR
= MOUNTING BOLT
| _ perop L 1
|
PVC WATER A
PIPE COUPLEI
‘ (SEE TEXT) \
|
|
s
| | |
| BLACK INSIDE
I ‘

L REFLECTING SURFACE

Fig.8. A sensor in vertical section.
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VR1) generating a potential difference
(p.d.) of a few volts. VR1 is adjusted so
that the voltage at V,,, is well above half-
supply voltage (2-4V) when D2 is receiv-
ing IR reflected back from a light-
coloured surface, but is well below half-
supply voltage when reflection is from a
dark surface.

To give a response which differentiates
more strongly between light and dark, the
voltage at V,, is fed to the PIC via one of
the two CMOS AND gates (IC2a, IC2b) in
Fig.5. The gate’s output swings strongly
between +VE and 0V, so presenting a more
rapidly changing, clear-cut signal to the
PIC.

Sensor Housing

Each sensor of the prototype is housed
in a standard PVC waterpipe coupler,
having an external diameter of 32mm
(27mm internal). This has an internal rib
half-way along it (Fig.8). The circuit
board is made circular to fit the pipe, and
is held (strip-side uppermost) pressed
against the rib by a bolt that runs through
the board and up through the plastic top
of the sensor.

The top is a small rectangle of expand-
ed PVC (as used for the decks). This has
holes bored in it for the bolt, screwdriver
access, the cable, and for bolting the sen-
sor to the middle deck. If the pipe you are
using has no rib, glue three small rectan-
gles of PVC board inside the pipe at the
right level.

COMPONENTS

SENSORS
(Two required)

Resistors se~e =
R3, RS 100Q (2 off) < 22 ing
R4, R6 100k (2 off)

All 0-25W 5% tolerance TAL

or better page

Potentiometers
VR1,VR2 1M, min. preset, horiz
(2 off)

Semiconductors
D1,D3 Smm infra-red l.e.d. (2 off)
D2, D4 TIL100 or similar
photodiode (2 off)

Miscellaneous

Stripboard, circular 26-5 diameter (see
text) (2 off); Wire for links and connec-
tions; solder etc.

Approx. Co: ¢
Guidance Only
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DIAMETER = 26.5mm (DEPENDING ON PIPE DIAMETER)

Fig.9. Stripboard layout of one of the
sensors.

Sensor — Construction

The stripboard layout for the Sensor
board is shown in Fig.9. You need to build
two copies of it. For each copy, first cut a
square of stripboard to the right size, and
then very carefully, using a small hacksaw
plus a file, trim it to a circular shape that
will just fit inside the waterpipe coupler.

Drill a hole for the bolt, then assemble
the board in order of component size. Note
that preset VR1 should be mounted on the
trackside of the board. Ensure that the
diodes are correctly orientated. The leads
on IR sensor D2 must be long enough to
bend back, to make its sensitive side face
away from the bolt (towards the floor when
in use), see photograph.

Push the bolt up through the hole in the
circuit board and secure it with a nut.
Prepare the top PVC board (refer back to
Table 1) with holes drilled to align with
VR1 and the bolt, and for the three leads.

Thread the leads through the pipe from
below and then through the hole in the top
board. Press the board up against the inter-
nal rib, then push the end of the bolt
through the hole in the top board and secure
it with a nut. Before you tighten the nut,
make sure that the screwdriver access hole
is directly above VRI.

A slip of black card that shields D2
against direct light from D1 can be seen in
the above photo. However, this has minimal
effect and can be omitted, as the beam from
D1 is fairly directional. The inside of the
lower half of the pipe can be painted matt
black, or lined with a collar of black paper
to cut out reflection from the walls of the
pipe. This is important to minimise inter-
ference from ambient light.

Testing

Test the sensors at this stage. Connect
the power leads to a 4-8V supply and the
output lead to a voltmeter. Hold the sensor
with the tube vertical, pointing down on to
a white surface about 15mm below the
lower end of the pipe. Switch off any
bench-lamps and nearby bright filament
lamps. Adjust VR until the voltage swings
high (nearly to 4-8V). Point the sensor at a
black surface; the voltage should drop to a
few hundred millivolts. Repeat until a clear
response is obtained.
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A sensor board, as seen from the side.

If there are any particular surfaces on
which you intend to run the Smart Kart,
now is a good chance to test them for IR
reflectivity. You will need a white or light
background surface, producing a sensor
output of 3V or more. You also need a dark
surface (such as a wide, black strip painted
on white card) for the guide-lines, produc-
ing an output of 1V or less,

The sensors are each connected to the
processor board by three wires. Their +VE
and OV wires go to the screw terminals on
the board. The output wires are fitted with
a 2-way socket for plugging onto PL2 pins
6 and 7 (right and left respectively). In the
prototype, these wires are about 30cm long
to allow for the sensors to be mounted on
other parts of the vehicle. You could make
them shorter if you intend to mount them
only at the front.

Effects Board

The Effects board holds the logic and
switching circuits for the l.e.d s and bleep-
er, whose circuit diagram is shown Fig.10.
Switching is controlled by the PIC via a
mixture of NAND gates and transistors.

‘e he ld s "3 52

) .

Plastic “shroud” around the sensor
board.

The headlamps (l.e.d.s D5 and D6) are con-
trolled by PIC pin RBO via npn transistor
TR9, a high level from RBO turning them
on. Resistor R7 limits the current flow
through the l.e.d.s.

The yellow beacon l.e.d. (D12) on the lid
is flashed on and off via transistor TR13,
which is controlled by an astable based on
NAND gates IC3a and IC3b. This led.
flashes all the time, indicating that the power
to the middle and upper decks is switched on.

PIC pins RB1 to RB3 are fed to NAND
gates IC3c. IC4a and IC4b. These control
transistors TR10 to TR12, which in turn
control l.e.d.s D7 to D11 and bleeper WD1.
The gates are also controlled by the astable,
only allowing the PIC’s control signal to
pass through when the astable’s output
from IC3a pin 3 is high, with a resulting
intermittent flashing of the selected l.ed.,
or the sounding of the bleeper.

Switches S1 and S2 select the robot’s
behaviour mode, via PIC pins RB4 and
RBS5. These are used in input mede and are
held normally-low by pull-down resistors
R17 and R18, going high when the respec-
tive switch is on. .

LS

[P A S i e, 40

Completed Effects board showing component layout and the two d.i.l. switches S1
and S2.
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Fig.11. Stripboard layout of the Efrects board.
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gae (2 off)
TR9 BC548 npn transistor
TR10 to
TR13 BC327 pnp transistor
(4 off)

Miscellanecus

S1, 82 dual d.i.l. switch (1 off)

PL3 8-way locking and
polarising header
cennector, with
matching socket,
0-1in (2-5mm} pitch

WD1 piezo-buzzer, miniature

Stripboard 56mm x 80mm (22 strips x
31 holes); 14-pin d.i.l. socket {2 off); 1mm
terminal pins (7 off); wire for links and
connections; solder etc.

Approx. Cost
Guidance Only
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Effects Board — Construction

The stripboard layout for the Effects
board is shown in Fig.11. Cut the board to
size and cut the strips where indicated.
Assemble in the usual order, taking care to
orientate the transistors correctly (note that
the flat side of TR9 faces left, but the oth-
ers face right). Connections from the board
to PIC pins RBO to RB5, and to the power
supply, are made via connector PL3.

A 2-pole d.i.l. (dual-in-line) switch was
used for S1 and S2 in the prototype.
However, if you prefer, you could insert
terminal pins at stripboard holes T10, U10,
T13 and U13, and run wires from these to a
pair of low-voltage toggle switches mount-
ed on the side or top of the deck.

As shown in Fig.10, the anodes of the
le.d.s and the positive terminal of the
bleeper are all connected to the +VE supply
line. In practice, you can run a bare wire
around the inside of the deck, connecting
all the anodes to it via flying leads, as can
be seen in the accompanying photograph.

Running a common l.e.d. anode wire
around the upper deck side panel.

The anode wire of an l.e.d. is cut short
and bent around a bare wire before the joint
is soldered. The bare wire is then connect-
ed to the board at D3. The cathode wires
are connected individually to the terminal
pins (TP1 to TP5) marked on Fig.11.

The two power lines to the board are sol-
dered to PL3 as indicated in Fig.11, and
pass down through the slot in the bottom of
the box, to connect to the terminal block on
the processor board. The OV line completes
the common connection between the 0V
lines on all five circuit boards.

A 6-way cable about 20cm long, and
with suitable sockets at each end, connects
between plug PL3 and PL2 on the proces-
sor board, passing down through the allo-
cated slot.

Once the board and its wiring have been
completed and thoroughly checked, it can
be fixed on the bottom of the box, using
Blu-Tack.

Wiring Check

You should now check the Processor
board, Effects boards and the sensors, but
without the PIC or the logic gates in their
sockets.

Interconnect the boards and sensors by
their cables. Connect the negative probe of
a testmeter to the OV line at any convenient
point. Switch the meter to its continuity
checking function. With the power discon-
nected, touch the positive probe to as many
as possible of the points that should nor-
mally be at OV (refer to the appropriate fig-
ures), such as the OV screw terminals on all
boards, exposed wire links, pin 7 of each
logic i.c. socket and pin S5 of the PIC’s
socket. There should be continuity through-
out the circuits.

Connect the negative probe to the +VE
line and check all points that are normally
at a positive voltage, including pin 14 of
each logic i.c. socket and pin 14 of the
PIC’s socket. There should be continuity
throughout.

Reconnect the negative probe to the OV
line, switch on the processor board battery
and use the positive probe to confirm that a
voltage of 4.8V appears at all expected
points.

Connect flying leads to the power lines
and check the action of applying one or the
other of these to the pins of the PIC’s
socket:

Pins 1, 2, 17, 18: Control the motors, as
previously described (with motor power
on)

Pin 6: Headlamp l.e.d.s come on when
made high

Pin 7: Reverse l.e.d. flashes and bleeper
sounds intermittently when made high

Pin 8: Left indicator l.e.d.s flash when
made high

Pin 9: Right indicator l.e.d.s flash when
made high

The beacon l.e.d. flashes all the time

With the meter probes to OV and the pos-
itive probe to the following PIC socket
pins, measure these voltages:

Pin 4: Normally high; goes low for as
long as the Reset button is pressed

Pin 10: Low when S1 is off; high when it
is on

Pin 11: Low when S2 is off; high when it
is on

Pin 12: High when the right sensor
points at white; low when it points at black

Pin 13: High when the left sensor points
at white; low when it points at black

If you have a suitable meter or an oscil-
loscope, measure the signal frequency at
pin 16 of the PIC socket. It should be in the
region of 14kHz.

If the circuit passes all of the above
checks, you are ready to insert a pre-pro-
grammed PIC and begin operating it in its
four different modes. We shall look at this
in Part 2 next month.

RESOURCES

Software, including source code files, for
the Smart Kart Part 1 is available on 3.5-
inch disk from the Editorial office (a small
handling charge applies — see the EPE PCB
Service page). It can also be downloaded
free from the EPE Downloads page, acces-
sible via the home page at www.epemag.
wimborne.co.uk. It is held in the PICs
folder, under SmartKart. Download all the
files within that folder.
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Special Feature

Light Emitting

Diodes -

Operation and Applications

Anthony H. Smith, BSc. (Hons)

Part 2 — Biasing and Interfacing

the behaviour and characteristics of the

l.e.d., and saw how simple resistor bias-
ing circuits could be used to “drive” an
l.e.d. at the proper forward current levels
needed for adequate light output.

This month, we demonstrate the opera-
tion of other, more specialised, biasing cir-
cuits, looking at the best ways to interface
l.e.d.s with different logic families, and
showing how logic circuits can be devel-
oped both for flashing an l.e.d. and as an
efficient way of varying the brightness.

Constant Current Biasing

We showed last month how a series
resistor may be used as a simple means to
set the forward current, Ig, through an l.e.d.
Although effective, the technique depends
on a stable voltage source; any changes in
voltage will produce corresponding
changes in I which can result in significant
variations in light intensity.

Applications that suffer from wide
changes in voltage, such as unregulated d.c.
supplies and battery packs, usually require
some kind of constant current biasing if the
l.e.d.’s brightness is to remain fixed. A sim-
ple and yet remarkably effective technique
is shown in Fig.1, where transistor TR1, an
n-channel JFET (junction field effect tran-
sistor), maintains a constant current
through the l.e.d.

To understand how the JFET regulates
the current, consider the drain current equa-
tion for a JFET:

V.. \2
Ip = Ijgs (l—%) (A)

P

IN Part One of this series, we examined

where I, is the drain current (= I in this
case), Ipgs iS the drain source saturation
current, Vg is the gate-source voltage, and
V,; is the pinch-off voltage, also known as
the gate source cut-off voltage. In this cir-
cuit, the gate is connected directly to the
source such that V¢ = 0, and so the equa-
tion reduces to I = Igq. Since Ipgq is a con-
stant for a given JFET, the drain current
(the l.e.d.’s forward current) is also held
constant.

A good choice for TR is a device from
the BF244 or BF245 range of JFETs. These
parts have essentially the same electrical
characteristics but different pinouts, as also
shown in Fig.1. They are grouped into dif-
ferent classes according to the spread in
Ipgs: the BF244/5A has Ipgs = 2 to 6-5mA;
the BF244/5B has I = 6 to 15mA; and
the BF244/5C has I i = 12 to 25mA.

Despite its obvious simplicity, the circuit
can regulate the le.d. current to within
about +10% with supply variations of more
than 20V. However, it is not without draw-
backs. For example, the minimum working
voltage is given by Vi + Vg, Where Vi
is the le.d.’s forward voltage and Vg i, 1S
the lowest value of drain-source voltage at
which the JFFT remains in its ‘“active”
region.

If Vs falls too low, the device enters its
“saturation” or “linear” region in which it
can no longer maintain I, equal to Ip.
Typically, this' means the supply voltage
must be at least 6V, or so, in order to regu-
late the forward current in a red l.e.d.

The maximum working voltage depends
not only on the JFET’s maximum drain-
source voltage, Vg, (Which is 30V for
the BF244/5), but also on the maximum

PIN VIEW

321

allowable power dissi-
pation, Pp..,. The
BF244 and BF245
have Pp ) = 360mW
at 25°C, and so if I is,

PINOUT say, 15SmA, V,q must
oevice| 1] 23 not be allowed to
BF244 |8 |g|d exceed 24V.

BF245 [g|s|d .
Bipolar
Alternative

A slightly more
complex constant cur-

Fig.1. JFET constant current biasing.
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rent circuit is shown
in Fig.2, in which an

Fig.2. Bipolar transistor current sink
capable of driving several l.e.d.s.

npn bipolar transistor, TR1, is used to reg-
ulate the l.e.d.s’ forward curreat. Forward-
biased diodes Dy, and Dy, furnish a stable
voltage, Vg, at the base of TRI, such that
the voltage, Vg, across emitter sesistor Rg is
given by Vi = Vg — Vi, where Ve is TR1's
base-emitter voltage.

Provided TR1 has large current gain, we
may ignore base current I and assume that
collector current I equals emitter current
Ig, which itself is given by (Vg = Vg /RE.

When examining a circuit, it’s often use-
ful o make reasonable assumptions in
order to simplify the analysis. In this case,
since the 1N4148 signal diodes, Dy, and
Dyg,, are biased by the same current, I,, we
may assume that the voliage drop across
each of them is the same, and denote the
voltage V. Furthermore. since Vy =2V, it
follows that I = (2Vp - Ve)/Rg.

Now, provided the diodes are at the same
temperature as TR, it is also fair to assume
that V, is approximately ¢but not exactly)
equal to V. Therefore, the expression for
the collector current simplifies to:

Ic =l.e.d.s’ forward current = V;/ Rg (A)
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For example, let’s say we wish to drive
the l.e.d.s at 15mA. At normal room tem-
perature, V|, will be roughly 600mV, and so
Re (=Vp /1) =600mV / 15mA =40Q. We
would make Rg = 39Q. this being the near-
est preferred value. Provided V|, and Vg,
remain constant, the current flowing
through the l.e.d.s will also remain reason-
ably stable despite wide variations in sup-
ply voltage, V. If the supply voltage itself
is large enough, the circuit can support a
large number of series-connected l.e.d.s
sharing the same forward current. The main
requirement is that:

V>V + Vg + .o + Ve + Ve +V,

where Vi, is the forward voltage of l.e.d.
D1, Vg, is the forward voltage of l.e.d. D2,
and so on. The transistor’s collector-emitter
voltage, Vg, should be at least 1V to
ensure the device does not saturate. If all
the l.e.d.s are of the same type, we may
assume they have the same forward volt-
age, Vi, such that Vg > nVp + Vo + V¢
where n is the nuinber of l.e.d.s. Resistor
Rgas establishes a current, I, which sup-
plies the diode current, I, and base current,
I;. The required resistor value is given by
Raias = (Vsiminy = 2Vp) / lgias, Where Vo
is the lowest voltage to which V can fall.

Normally, a value of around 1mA will be
suitable for Ig s, although lower values,
say a few hundre¢ microamperes, may be
acceptable provided TRI has high current
gain (i.e., large S or hge). The circuit pro-
vides reasonable regulation of the le.d.
current.

Test Example

For example, in a test circuit built with
Raias = 3-6kQ, Ry = 39Q, TR1 = BC550B,
and with a single red l.e.d., the collector
current was 12-9mA at Vg = 5.0V, rising to
17-0mA at Vg = 15-0V, equivalent to a 32%
change in le.d. current with a 200%
increase in supply voltage.

Current regulation is not as good as the
JFET circuit in Fig.1, but the bipolar circuit
has the advantage of allowing the nominal
l.e.d. current to be set to any desired value
by appropriate choice of Rg. Since Vg is of
the same magnitude as Vg, any changes in
the latter (for example, caused by tempera-
ture variations or part to part differences)
can have a marked effect on l.e.d. current.
This drawback can be corrected to some
extent by replacing the two diodes (Dy, and
Dg,). with a single Zener diode, Dg;, such
that:

Ie=(Vz—Vae) / Re (A)

Provided the Zener voltage, V,, is at least,
say, 3-6V, any changes in Vg will have neg-
ligible effect on the l.e.d. current. However,
there is a price to be paid for this improve-
ment. Since Vg, the voltage across Ry, is
now much larger. V.., must also be larger
to support this voltage, and there is now
more power wasted in Rg. Also, Iy, should
be at least SmA to ensure proper biasing of
Zener diode Dy, again wasting power.

We’ll show in a later article how the
addition of an extra l.e.d. can make a novel
improvement to this circuit.

Two-Transistor Bias
By replacing the diodes with an extra
npn transistor as shown in Fig.3. the

Va O

o

Fig.3. Two-transistor current-sink.

circuit’s regulation in response to supply
voltage variations can be improved
significantly.

The circuit is essentially a classical, two-
transistor current sink, in which feedback
around TR1 and TR2 ensures that the l.e.d.
current remains fixed despite changes in
V. Transistor TR1 and resistors Ry, .5 and
Rg play the same part as before. However,
TR2's base-emitter voltage. Vgg., now pro-
vides the reference voltage necessary to
regulate the l.e.d. current.

A thorough analysis of the circuit is
beyond the scope of this article, but to
understand how it works, assume that an
increase in supply voltage causes a momen-
tary increase in TR1’s collector current, I,,.
The corresponding increase in emitter cur-
rent. Ig,. produces an increase in TR2’s
base current, I, This, in turn, causes
TR2’s collector to sink more current
through Rg.s and also away from TR1’s
base.

The reduction in I, produces a propor-
tionate decrease in I¢,, thereby mitigating
the initial rise in collector current. This
overall negative feedback around the two
transistors acts to oppose any external
effects which would otherwise tend to
increase or decrease the l.e.d. current.

Provided TR1 has plenty of current gain
(large hep), we may assume that I, = I,.
Furthermore, if TR2 also has large hgg, we
may ignore the effects of Iy, and assume
that I, = V¢ / Rg. However, Vi = Vg, and
S0:

I, =l.e.d’s forward current = Vg, / R; (A)

Therefore, provided we can make a good
estimate of Vy,, we may set the l.e.d. cur-
rent to any value we choose simply by
selecting an appropriate value for Rg.

The value of bias resistor Rg,,5 should be
small enough to ensure adequate base drive
for TR1 at minimum supply voltage. As a
rule of thumb, the current through Rgas
should be at least twice the maximum value
of I,.

Worked Example

Let's say we require an l.e.d. current of
20mA at a minimum supply voltage of 5V,
that is, I, = 20mA and Vg, = 5V. We’ll
use two BCI108 transistors for TRI1 and
TR2; these are inexpensive and have a
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minimum current gain of around 100, such
that the maximum value of Ig 1is:
20mA/100 = 200uA. Thus, the current
through Ry, should be at least 2 x 200u A
=400uA.

The voltage across resistor Ry, is sim-
ply Vs — Vg — Vg, and since both tran-
sistors are the same type it is fair to assume
that Vg = Vg therefore, the voltage
across Ry 1s Vg — 2V, At room temper-
ature, the typical value of Vg for the
BC108 is 600mV, so when Vg = 5V, the
minimum voltage across Rys 1s SV — (2 x
600mV) = 3.8V. Therefore, the required
value of Ry, is 3.8V/400uA = 9.5kQ2. The
nearest lower preferred value is 9.1k€2.

Rearranging the aforementioned equa-
tion for I, we see that R = Vi, / I, and
so in this example we require R; = 600mV
/20mA = 309

A breadboard circuit built using these
component values produced impressive
results. At the minimum supply voltage of
5V, the measured l.e.d. current was exactly
20mA. With Vg increased five-fold to 25V,
the rise in collector current was just 1-7mA,
that is a current increase of just 8-5%
against a voltage increase of 200%!

Despite its splendid current regulation,
the circuit provides only moderate thermal
stability due to the dependence on Vg as a
reference voltage. Typically, the tempera-
ture coefficient of Vg in a small-signal
transistor is around —2mV/°C. Therefore, if
Vge 18 600mV at 25°C, a temperature
change of, say, +20°C will cause a change
in Vg, and hence in le.d. current, of
around +7%.

Fortunately, this is unlikely to cause
noticeable changes in l.e.d. intensity, so the
circuit is usually a good choice for applica-
tions which must accommodate wide sup-
ply voltage changes and yet are not subject
to extreme temperature variations.

One such application is the accompany-
ing EPE Voltage Checker. This simple con-
structional project makes use of the circuit
in Fig.3 to produce an inexpensive tester
for “GO/NO GO voltage checks.

From Logic to Light

In our examination of l.e.d. driver cir-
cuits thus far, we have dealt with purely
analogue techniques for setting the current
level and intensity. Many applications,
however, require a digital interface
between a logic circuit and one or more
l.e.d.s. Depending on the type of logic
device, it may be possible to drive the l.e.d.
directly from one or more outputs using
simple resistive current limiting. In other
cases, a suitable driver circuit must be
interposed between the digital output and
the lL.e.d.

As we shall see in a moment, different
logic families have different drive capabili-
ties, and their output characteristics —
which can differ considerably from one
family to another — will have a significant
bearing on the kind of circuit required. The
type and number of le.d.s that must be
driven, along with the magnitude of the
available supply voltage, will also influ-
ence the kind of circuit required.

CMOS 4000-Series

Due largely to its low quiescent supply
current, high input impedance and relative-
ly wide supply voltage range, the CMOS
4000-series logic family has been popular
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Table 1: CD4049UB and CD4050B Output Curren‘t Vs

for extended periods

Supply Voltage of time.”
Supply Voltage, Vg (V) Low-level (sink) High-ievel (source) When d§Slgmng any
Output Current, Output Current, led. drive circuit
low (MA) ey (mA)‘ using logic gates, it is
5 5 16 important to pay care-
10 12 36 | ful attention to the
15 40 12 | specifications for a

particular device. We’ll

for over quarter of a century. However,
although a particular gate’s output may be
capable of driving the inputs of many other
gates, it may be incapable of driving a sin-
gle le.d.

In common with many other logic fami-
lies, 4000-series outputs can sink and
source current, that is, current can flow into
a low-level output, or flow out of a high-
level output. The actual output current
available varies slightly with different
devices and from one manufacturer to
another. However, for a device such as the
4001B (quad 2-input NOR gate) or the
4011B (quad 2-input NAND gate), the out-
put current is typically less than +1mA at a
supply voltage, V,;,, of 5V, rising to around
+8mA with V;, increased to 15V.

For “light” loads, such as the inputs of
other 4000-series gates, this is more than
adequate. However, if a relatively “heavy”
load is connected to the output, the output
voltage tends to shift away from the nomi-
nal high or low logic level. In other words,
the output does not behave as an ideal
switch to Vpp or OV, but instead appears
resistive. For this reason, “standard™ 4000-
series gates often make poor l.e.d. drivers,
except when low current l.e.d.s are used
(more of this later).

Much better drive is available from
“buffer” devices such as the 4049UB (hex,
inverting) and 4050B (hex, non-inverting).
Typical output current values at +25°C for
the National Semiconductor CD4049UB
and CD4050B are given in Table 1.

The buffer devices provide much greater
output current than standard 4000-series
gates. They are also clearly better at sinking
current than sourcing it. For this reason,
when driving an le.d. directly from a
4049UB or 4050B buffer output, it is best
to refer the l.e.d. to Vp as shown in Fig.4.

It would appear from Table 1 that the
CD4049UB and CD4050B can happily
sink up to 40mA when operating at 15V.
However, careful examination of the data
sheet’s small print reveals otherwise. A
footnote to the data states that:

“These are peak output current capabili-
ties. Continuous output current is rated at
12mA maximum. The output current
should not be allowed to exceed this value

Voo POSITIVE SUPPLY VOLTAGE

- D mk,}v.I

s
Vool 1
'
NG ]
| 7 LE.D. ILLUMINATED
Lo (B WHEN V, IS LOW
v

Fig.4. Logic buffer l.e.d. drive.
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‘ return to the subject of

! maximum ratings a lit-
tle later in this article.

Boosted Output Drive

The output drive current can be
increased by connecting two or more
buffers of the same type in parallel, as
shown by the dotted connections in Fig.4.
The number of buffers and the resistor
value required can be determined using the
method demonstrated in the following
worked example:

Let’s say we wish to drive a forward cur-
rent, I, of 15SmA through a red l.e.d. with
maximum forward voltage of 1-8V from a
minimum supply voltage of Vy, = 10V.
From Table 1, we see that I, for a single
buffer is typically only 12mA at this volt-
age — not enough. However, connecting
two buffers in parallel would provide a total
sink current|{of 24mA - more than ade-
quate. The value of current limiting resistor
R1 is given by:

!
Rl = (VDD(min) - vF(max) - vOleax)) / lF (Q)

From the ' CD4049UB/CD4050B data
sheet, the lon level output voltage, V,, is
found to be a maximum of 0-5V when the
buffer is sinking 12mA. Although two
buffers would each sink only 7-5mA, we
can assume that Vg, .., = 0-5V, such that
Rl =(10V-1-8V-0-5V)/ 15mA = 513Q.
The nearest preferred value is 510Q.

74LS-Series

Like the original 74-series logic devices,
the 74LS-series logic gates can sink much
more current ‘‘into” their outputs than they
can source out. A typical device like the
74LS02 (quad, 2-input NOR gate) operat-
ing on a 5V supply can sink up to 8mA, but
can source only around 0-4mA. Therefore,
with the l.e.d. referred to the positive sup-
ply, a single output may provide just
enough current to illuminate an l.e.d. ade-
quately, although two or more devices in
parallel may be required to increase the
brightness. !

Like the 4000-series, the 74LS-series
includes buffer devices which provide
enhanced drive capability. For instance, the
74L.5240 (octal buffer/line driver) can sink
as much as 24mA into a single output.

74HC/HCT-series

Although the 74HC/HCT-series logic
family uses CMOS technology like the
4000-series, its output drive capability is
much better than 4000-series devices.
Unlike the 74LS-series, its output drive is
fairly symmetrical, in that the magnitude of
the output sink and source currents are
roughly equal. The 74HC parts have CMOS
logic level compatibility, whereas the
74HCT parts are compatible with TTL volt-
age levels.

“Standard” devices such as the 74HC04
(hex inverter) and 74HC32 (quad, 2-input
OR gate) operaﬁing on a 5V supply can sink

and source a maximum of SmA with little
shift in output voltage. “Buffer” devices
like the 74HC365 (hex tri-state buffer) pro-
vide slightly more drive at around +7mA
on a 5V supply.

Paralleling two standard outputs, for
example, would provide around 10mA of
drive current to an l.e.d. that could be
referred either to the positive supply rail
(l.e.d. illuminates when the outputs go low)
or to the GND (0V) rail (l.e.d. illuminates
when the outputs go high).

74AC/ACT-Series

Like the 4000-series and 74HC/HCT
parts, the 74AC/ACT family uses CMOS
technology and, likewise, benefits from
low quiescent power consumption.
However, this family also boasts remark-
ably good output current specifications.

Consider, for example, the 74AC/ACT04
(hex inverter). When powered by a 3V sup-
ply rail, each of the six inverters can source
and sink up to 12mA. At 5V, the output
drive doubles to +24mA. These specifica-
tions mean that a single inverter could drive
alow-V l.e.d. from a supply voltage as low
as 3V. Most other devices in this family
(gates, Schmitt triggers, flip-flops, and so
on) provide the same degree of output
drive.

Like most other 74-type logic families,
the 74AC/ACT devices have a maximum
operating voltage of around 6-0V. This is
much lower than that of 4000-series parts
which can operate at supply voltages as
high as 15V. However, the 74AC devices
are specified to operate down to just 2-0V,
making them ideal for battery-powered
applications.

For example, two series-connected
Nickel Cadmium cells when fully charged
will provide around 2-6V. Therefore, using
a circuit similar to that in Fig.4, two paral-
leled 74AC gates could easily drive around
15mA, or more, into a red l.e.d., and would
continue to provide adequate brightness as
the cells became discharged.

A Word of Caution

On several occasions, the author has seen
circuits in which a logic gate output has
been connected directly to an l.e.d., that is,
without a series-connected, current limiting
resistor. Except in very special circum-
stances, this practice is inviting disaster!

For example, let’s consider the Philips
HEF4000-series CMOS logic family. The
absolute maximum ratings for these parts
specify a maximum output current, Ly .0,
of £10mA per output. Also, the maximum
power dissipation, Py.,,, for each output is
100mW.

Tests on a single gate from an
HEF4001B (quad 2-input NOR gate) pro-
duced interesting results. With the supply
voltage, Vpp, set to 5V and the gate output
set high, a red le.d. connected directly
between the output and the Vg (negative)
supply rail drew just under 4mA from the
output. With the output set low and the
l.e.d. connected directly between the output
and Vpp, the output current was 3-2mA.

In each case, the output current is below
the maximum rating (x10mA) and would
do no damage to the l.e.d. itself. However,
at a higher supply voltage, the results were
drastically different. At Vp, = 10V, and
with the gate output set high, the directly-
connected l.e.d. drew 18-4mA from the
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output and pulled down the high level out-
put voltage (nominally 10V) to 2-3V. The
corresponding power dissipation in the sin-
gle gate was 142mW.

With the gate output set low, the le.d.
current increased to 19-8mA and the low
level output voltage (nominally OV) was
pulled up to 7-73V, corresponding to a gate
power dissipation of 153mW!

In each case, the output current clearly
exceeds the gate’s maximum rating by a
huge amount, and the gate’s power dissipa-
tion is exceeded by around 50%!
Furthermore, a forward current of 20mA,
or so, could damage certain types of l.e.d.,
particularly the “low current” kind dis-
cussed later.

Obviously, in this example, increasing
the supply voltage from 5V to 10V made an
enormous difference to the current and
power ratings. However, this does not nec-
essarily imply that operation at low supply
voltages is always safe.

As’a second example, let’s consider the
National Semiconductor MM74HCO2N. a
quad 2-input NOR gate. The maximum
operating voltage for this family of devices
is 6V (although it’s rare to see them operat-
ing at more than 5V) and the maximum
output current per pin is +25mA. Tests on a
single gate from the 74HC02 produced
sobering results. With the supply voltage
set to 5V and the gate output set high, the
red le.d. connected directly to the output
drew almost 40mA from the output, some
15mA more than the maximum rated value!

With the output set low, the l.e.d. current
was 37mA - again, dangerously high.
Clearly, a series resistor should always be
used when driving l.e.d.s from logic out-
puts. Not only does the resistor allow the
forward current to be set to precisely the
required value, but it can also be essential
in protecting both the gate and the l.e.d.

Logic to L.E.D. Interfacing

Although we have seen that logic
devices can drive l.e.d.s directly (via a suit-
able resistor), one often encounters applica-

" tions where circumstances prevent a simple
“direct drive” approach. For instance,
although a 4000-series gate with a “weak”
output could be boosted by several 4050B
buffers, it may be inappropriate in terms of
cost or board space to do this.

Similarly, it is often impossible for a
logic output to drive a string of series-con-
nected l.e.d.s, especially when the logic
supply voltage is relatively low.

In these cases. some kind of interface
circuit becomes necessary. One such
approach is shown in Fig.5, where TR1, a
pnp bipolar transistor, effectively provides
current gain for a weak logic gate.

When the logic output, V,,, is high, TR1
and the le.d. are both “off’. However,
when V,, goes low (ideally to 0V), TR1
turns on and sinks current through R1 and
the l.e.d. The transistor behaves as an emit-
ter-follower in that it provides plenty of
emitter current in return for very little base
current supplied by the logic gate.

When V,, is low, the l.e.d.’s forward cur-
rent is given by:

Ig=(Vee— Ve = Ve = Vo) /R1 (A)
where V. is the logic supply voltage. and

Ve is TR 1’s base-emitter voltage drop. For
most CMOS-type logic devices, the low-

Vec

m

LED ILLLMINAED
WHENV, IS LOW

Fig.5. Active-low logic-l.e.d. interface
cireuit.

level output voltage is roughly zero when
sinking little current, so it is reasonable to
assume that V, = 0. We can thus simplify
and rearrange the equation to give an
expression for the required value of series
resistor:

RI = (Vee = Vi = Vi) / I (R)

This circuit has the advantage of requir-
ing very little current from the logic gate to
drive the l.e.d. A forward current of, say, I
= 20mA would typically demand less than
100u A sink current from the gate output. A
disadvantage, however. is the presence of
TRI’s Vg drop which can limit the cir-
cuit’s applicability when V. is low, or
when two or more l.e.d.s must be driven in
series.

Alternative Version

In Fig.6 is shown a variation on the
theme in which either an npn bipolar tran-
sistor (Fig.6a) or an n-channel MOSFET
(Fig.6b) is used as the on-off “switch™. In
beth circuits, the b.e.d. is illuminated when
the logic output, V, goes high.

In Fig.6a, the high logic level sources
base current to TRI, via current-limiting
resistor R, turning on both the transistor
and the l.e.d. Provided R1 is chosen prop-
erly, TR1 will receive adequate base cur-
rent from the logic output and will satu-
rate, such that the l.e.d.'s forward current
is:

Ig = (Vy = Ve = Viga) / R2 (A)
where Vg is the l.e.d. supply voltage and
Veena 18 TR1s collector-emitter saturation

voltage. In most cases, the magnitude of
Vcean Will be negligibly small compared to

Vs and Vi, and so the equation simplifies
to:
I = (Vs = Vi) /R2 (A)

or: R2 = (Vg -V /1 (2)

making it a simple matter to select a suit-
able value for R2.

Base resistor Rl should be chosen to
ensure TR1 turns on fully when V,, is high.
The actual value required depends on the
base current needed by TR1, and will there-
fore be influenced by the transistor type. A
device like the BC546, for example,
requires a base current of around 100uA to
ensure Vg, is less than 200mV when
conducting a collector current of 20mA.

A higher collector current naturally
requires a greater base current. Generally,
for Voo = 5V, a value of 2-2kQ2 to 10kS2
should suffice for R1.

The circuit can be simplified by replac-
ing the npn transistor with an n-channel
MOSFET as shown in Fig.6b. Again, the
led. is turned on when V, goes high.
Provided the chosen MOSFET has low
drain-source “on’ resistance. Rpgeq, the
corresponding drain-source voltage, denot-
ed Vygnp Will be small and negligible, such
that the equation given above may be used
to calculate R2.

Note, however, that achieving low Ry,
isn’t just a matter of choosing the right
MOSFET - adequate gate voltage is also
important. A device like the popular
2N7000, for example, will turn on with a
typical gate-source voltage, Vg, of just
2-3V, but at this level, Rpg,,, could be more
than 1kQ!

With Vg, increased to 4-5V, however,
Ropsiany 18 typically just 4-8Q2; at this value,
the corresponding value of V., would be
just 96mV with a forward l.e.d. current of
20mA.

With a logic supply voltage, Vi, of 5V,
the output of most CMOS gates will swing
up to 5V, thus providing more than enough
gate drive for TR1. However, a TTL device
such as a 74LS gate might have an output
high voltage of just 3-0V, or so, when oper-
ating at Vo = 5V. In this case, pull-up
resistor R1 can be employed to ensure the
gate is pulled up to V. when V, goes high.
The pull-up resistor value can be fairly
large (typically around 100kS2), so little
power is wasted in it when V, is low.

In the circuits of Fig.6, the l.e.d. supply
voltage, Vs, can be higher than V. This is
a distinct advantage when it is necessary to
drive multiple series-connected l.e.d.s
where the total forward voltage could

Vs

Rz

Fig.6. Active-high logic-l.e.d. interface circuits (a) bipolar, (b) MOSFET.
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Fig.7. Astable I.e.d. flasher circuit

easily exceed the available logic supply
voltage. For example, driving five red
l.e.d.s each having V| = 1-6V would require
a supply voltage of at least 8V for proper
operation.

Low Current L.E.D.s

Several manufacturers now supply a
range of low current l.e.d.s which provide
good light intensity at forward current lev-
els that are a fraction of those needed by
“standard” l.e.d.s. Take the HLMP-DI55,
for example, manufactured by Agilent (for-
merly Hewlett-Packard). This red l.e.d. has
a typical luminous intensity of 10med (mil-
licandela) when operated at a forward
current of just ImA. Compare this with a
standard red le.d., such as the HLMP-
3301. which has a typical luminous intensi-
ty of only 7mcd at 10mA.

Clearly, the standard l.e.d. has only 70%
of the intensity of the low current lamp,
even though it is operating at ten times the
forward current!

The low current requirements of devices
like the HLMP-D155 mean that relatively
“weak™ logic gates, such as standard 4000-
series devices operating at low supply
voltage, can drive the le.d. directly, i.e,
without needing an interface circuit (but
still needing a ballast resistor of course).

In addition to simplifying the drive
circuit, low current l.e.d.s also pravide sig-
nificant power savings. The standard
HLMP-3301, for example, operating at
10mA on a 5V supply consumes 50mW,
whereas the low current HLMP-DI15S
operating at ImA on the same supply volt-
age would require just SmW — a power sav-
ing of 45mW. Such power savings are an
obvious benefit for battery powered equip-
ment where reduced power corsumptian
equates to langer battery life.

The EPE Volts Checker project makes
good use of a low current l.e.d. where a
diminutive forward current of around 2mA
is essential for high voltage operation.

On the Blink

A flashing l.e.d. is a highly effective vis-
ible signal, and can be used to warn of a
fault condition, to provide a decorative dis-
play, or as a means of attracting attention
such as an emergency beacon.

The circuit in Fig.7 is a simple and inex-
pensive l.e.d. “blinker”, where ICla forms
an astable multivibrator and IC1b acts as a
buffer. The second inverter is not essential,
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but helps to minimise loading of ICla
which could otherwise affect the timing.

The l.e.d. may be connected to the nega-
tive supply rail (D1 with R2) or to the pos-
itive rail (D2 with R3). Connecting both
l.e.d.s provides an alternating display.
When experimenting with the circuit,
choose l.e.d.s which give good brightness
at a forward current of 10mA or less. The
value of current limiting resistor R2 (and/or
R3) should be around 270Q to 1kQ
depending on the type and colour of
l.e.d.(s) used.

Resistor R1 and capacitor Cl set the
astable time constant, and hence the flash
rate. A Schmitt trigger inverter such as the
74HC14 or 74AC14 is necessary for [Cla —
a standard inverter will not work. Other
Schmitt devices such as the 4093B (quad
2-input NAND gate) or 40106B (hex
Schmitt inverter) could be substituted and
would permit operation at supply voltages
up to 15V, but suitable buffering may be
required unless low current l.e.d.s are used.

The circuit is not a “precision” flasher
because the flash rate depends heavily on
the Schmits trigger thresholds which vary
on a part-to-part basis and with changes in
supply voltage. Nevertheless, the circuit’s
simplicity makes it ideal for experimenting.

The value of resistor R1 should not be
too small, otherwise a large value for
capacitor Cl would be required to produce
a low flash rate. On the other hand, RI
should not be too large, or leakage currents
could affect the timing. A maximura value
of 68Ck<2 should be acceptable.

With R1 = 100k, a

Fig.8. Gated l.e.d. flasher circuit.

Enable signal. The circuit is similar to that
in Fig.7, but with the Schmitt inverter
replaced by a single Schmitt NAND gate
(one quarter of a 74HC132 quad Schmitt
NAND gate).

When the Enable signal is low, the
NAND output is continually high such that
the l.e.d. is held off. Taking the Enable sig-
nal high “releases” the output, allowing the
l.e.d. to flash. As before, the values of resis-
tor R1 and capacitor C1 determine the flash
rate; with C1 = 10uF and R1 = 100k<2, the
l.e.d. blinks roughly twice every second.

An interesting variation on this circuit is
shown in Fig.9, where capacitor C1 and
resistor Ri again determine the astable
oscillation frequency. The addition of C2,
R2, R3 and diode D2 forms another timing
network which effectively causes the circuit
to “gate itself”. The result is a sequence of
l.e.d. flashes, followed by a pause during
which the l.ed. is off, followed by another
sequence of flashes, and so on.

On power up. both capacitors are initial-
ly discharged, such that pin 1 of ICla is
high and pin 2 is low causing the NAND
output to be high. Cl now begins to charge
via RI: during this time D2 is reverse
biased and the l.e.d. is off. Eventually, the
voltage on C1 crosses the Schmitt trigger’s
upper threshold. the gate output goes low,
and the astable starts to oscillate and flash-
es the l.e.d. exactly as per the circuit in
Fig.8.

However, every time the output pulses
low and flashes the l.e.d., it also delivers a

capacitor value of

Vee

100uF will produce a
typical flash frequen-
cy of around 0.15Hz,
or roughly one flash
every seven seconds.
Reducing the value of
C1 increases the flash
rate. With C1 = 1.0uF,
the l.e.d. blinks rapid-
ly. at approximately
15 flashes per second.

Gated Flasher

The circuit in Fig.8
implements a *‘gated”
flasher, where the

4
DC SUPPLY
VOLTAGE, Vg
(NGMINAL 5V)

?

packet of charge into C2 via D2 and R2. As
*IC1: TIE

‘EL NPUTSLOW
c2 [ LOwW
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A2 1N4148
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flashing may be

turned on and off by
means of a logic level

Fig.9. Self-gated l.e.d. flasher circuit.
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a result, C2 slowly charges up causing the
voltage at pin 1 to fall in a stepped fashion.
Eventually, when this voltage crosses the
Schmitt’s lower threshold, the NAND out-
put goes high and stays high irrespective of
the voltage at pin 2.

The l.ed. is now off and remains off
while C2 begins to discharge via R3, caus-
ing the voltage at pin 1 to rise exponential-
ly with a time constant determined by C2
and R3. When the voltage crosses the upper
threshold, the gate is again Enabled, the
astable starts to oscillate, and the process
repeats.

Eye Catching

Although the circuit in Fig.9 is more
complex than the simple flashers of Fig.7
and Fig.8, the visual effect is much more
eye catching than an le.d. which simply
flashes repeatedly.

The duration of each flash depends on
the CI/R1 time constant. The number of
flashes depends on the time taken to charge
C2, and so depends on C1/R1, C2/R3, and
R2. The “off” period depends on the time
taken for C2 to discharge, which is deter-
mined only by the C2/R3 time constant.

For proper operation, the C1/R1 time
constant should be much smaller than that
of C2/R3. Also, R2 should be much small-
er than R3, ideally by a factor ten or more,
to ensure that the voltage at pin 1 can cross
the Schmitt’s lower threshold. Diode D2’s
voltage drop must also be taken into
account here, especially if operating at sup-
ply voltages below 5V.

A test circuit built with R1 = 470kQ, C1
= luF, R2 = 47kQ, C2 = 33uF and R3 =
IMQ produced a series of three flashes,
followed by an “off” pause of around ten
seconds. All timing parameters are affected
by the Schmitt thresholds and by the supply
voltage, so be prepared to experiment with
component values to get the best effect.

From Flashers to Dimmers

Returning briefly to the circuit in Fig.7,
and reducing the value of C1 to 100nF pro-
duces an interesting effect. The astable
oscillates at around 150Hz, and although
the le.d. actually flashes at this rate it
appears to be continually on, but af reduced
brightness. What is happening?

Put simply, the human eye cannot
respond quickly enough to distinguish each
individual flash, and so it effectively “inte-

MAZIMUM

PoS.B DUTY CYCLE
MINIMUM

POS. A DUTY CYCLE

Fig.10. PWM brightness control.

appearance of a dimmed l.e.d. This effect
can be explored further using the circuit
shown in Fig.10, where resistor R1 in Fig.7
has been replaced with the combination of
R1, potentiometer VRI, and diodes D2,
D3.

The presence of the potentiometer and
two diodes allows the duty cycle of the
flash pulses to be varied, where:

On Time

IS = On Time + Off Time

(%)

For example, with C1 = 10uF, the flash
rate is typically around 2Hz and varies very
litile with changes in VR1’s wiper position.
However, the flash duration varies from a
very brief flash with VR1’s wiper at posi-
tion A (corresponding to minimum duty
cycle) to being on almost continually in
position B (maximum duty cycle).

If C1 is now reduced to 10nF, the oscil-
lation frequency is increased a thousand
fold to around 2kHz, and although the l.e.d.
is still being pulsed on and off, it appears to
be on all the time. Adjusting the pot’s wiper
position changes the duty cycle and hence
varies the average current through the l.e.d.
Thus, with the wiper in position B, the
l.e.d. is almost at full brightness, whereas
in position A, it is very dim.

This circuit demonstrates an important
technique known as pulse width modula-
tion, or PWM, wherein the width of the
pulse driving the l.e.d. is modulated to vary

through the l.e.d. still consists of a series of
variable width, constant amplitude pulses,
the brightness is proportional to the average
current. To measure the average current, the
current limiting resistor R2 may be used as
a convenient current sense resistor.

Additional components C; and Rg
(required only for measuring the average
current) form a low-pass filter. such that the
voltage across Cg is a d.c. level correspon-
ding to the average voltage across R2. The
voltage on C; should be measured using a
voltmeter with high input impedance, such
as a 10MQ digital voltmeter (DVM).

Dividing the measured voltage by the
value of R2 gives the average current
through the l.e.d. The values of C; and R;
are not critical, but Cy should be large
enough to minimise the ripple on the meas-
ured voltage. Values of Cp = 100uF and R
= 22k€2 should give good results.

Digitally-Controlled
Brightness

By replacing the manua! potentiometer
VRI1 with a “digipot” (digitally controlled
potentiometer), the circuit of Fig.10 can be
adapted to provide fully digital contral of
the l.e.d.’s brightness. In the circuit of
Fig.11, the digipot, IC2, takes the place of
VR1 in Fig.10. The digital pot behaves in a
similar manner to its manual counterpart,
except that the wiper position and direction
are controlled/lg digital signals at the CLK

grates” the rapid pulsing to give the the brightness. Although the current (clock) and U/D (up/down) inputs.
Voo
IC1b
i S
9 8
st 5
*C1: 74HC 132 OR 74AC122 \ D 3
(WE UNUSED INPUTS LOW) o2
2 Voo Al s
IC1a* ST L.
A == 74HC1%2 e
D.C. SUPPLY ENABLE Ol 2 - W
VOLTRGE. Vy ) A o P o
i ‘ . S— Teran
BRE Kk L)
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R C2 mn
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o

Fig.11. Digitally controlled |.e.d. brightness.
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Schmitt NAND gate IC1b, together with
C2, R3 and the digipot, forms the astable
multivibrator whose pulse width is modu-
lated to vary the l.e.d. intensity. ICIc is not
essential and simply acts as a buffer. ICla,
CI1 and RI1 form a gated astable similar to
that in Fig.8; in this circuit, however, it pro-
vides a means of clocking the digital pot.
With C1 = 1uF and R1 = 100k, the clock
frequency is around 15Hz.

Note that an astable clock source is not
mandatory; a suitably “debounced” push-
button switch could be used instead. The
logic level at pin 2 of IC2 controls the
direction of the pot wiper. Closing switch
S1 puts a high level at this input, such
that each clock pulse arriving at pin 1
causes the pot to increment, thereby mov-
ing the wiper “W” closer to terminal “A”
at pin 3. This maximises the duty cycle at
the output of IClb, but the inversion by
buffer IClc minimises the duty cycle
drive to the l.e.d., causing it to get
dimmer.

With pin 2 low (switch S1 open), clock-
ing IC2 causes the digipot to decrement,

|
such that the wiper moves in the opposite
direction toward terminal “B” at pin 6.
This maximises the duty cycle at the out-
put of ICIc, thereby increasing the l.e.d.’s
brightness!

When the Enable signal at pin 1 of ICla
is high, the astable “free runs”, thus sup-
plying continuous clock pulses for the
digipot. By opening and closing switch S1,
the l.e.d. ramps up to maximum brightness,
or ramps down to minimum brightness,
respectively. Taking the Enable signal low
cuts off the clock pulses and holds the l.e.d.
at its current level of intensity.

The circuit provides a completely solid-
state way of varying the l.e.d.’s intensity —
no moving parts are required. The PWM
method is an efficient technique, often
employed to vary the brightness of l.e.d.s
used as backlights in items such as mobile
phones and laptop computers. However, it
is not restricted to le.d.s, and is widely
used to control other loads, such as d.c.
motors, heating elements, and so on.

When experimenting with the circuit,
choose a fairly large value for resistor R4

|

so as to produce maximum contrast
between the extremes of l.e.d. intensity.
Also, note that IC2, a 128-position, 100kQ
digipot, is just one of many digital poten-

‘tiometers on the market. Other types, man-

ufactured by companies such as Maxim,
Xicor and Catalyst Semiconductor, may be
better suited to your application.

Next Month

In the next part of this series we look at
other techniques for flashing an le.d.,
and we examine “booster” circuits capa-
ble of driving l.e.d.s from very low volt-
ages. We'll also look at some of the con-
venient features of bicolour and tricolour
led.s.

For now, we conclude this month’s
article with a conundrum: considering
that a red l.e.d. can have a forward volt-
age of 1-6V or more, how is it possible to
flash such an l.e.d. from a voltage of just
1.0V?

“You can now move on to reading, and
perhaps building, the accompanying Volts
Checker.
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FREE Electronics Hobbyist Compendium [
h-In 2000 CD-ROM

=y d

EPE TEACH-IN
2000 CD-ROM

Tre whole of the 12-part Teach-in 2000 series by John
Becker (published in EPE Nov '99 to Oct 2000) is ncw
available on CD-ROM. Plus the Teach-in 2000 interactive
software (Win 95, 98, ME and above) covering all aspedts
of the series and Alan Winstanley's Basic Soldering
Guide (including illustrations and Descldering).

Teach-In 2000 covers all the basic principles of elec-
tronics from Ohm's Law ta Displays, including Op.Amps,
Logic Gates etc. Each part has its own section on the inter-
active software where you can also change component
values in the various on-screen demonstration circuits.

The series gives a harids-on apprcach to electronics
with numerous breadboard circuits to try out, plus a sim-
ple computer interface ¢Wir 95, 98, ME only)} which
atlows a PC to be used as a basic oscilloscope

ONLY £12.45 including VAT and p&p

Robotics
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288 pages — large format [RelGEEERR-LEE £14.99

MORE ADVANCED ROBOTICS WITH LEGO
MINDSTORMS ~— Rober: Penfold

Covers the Vislon Command System

Shows the reader haw to extend the capabilities of
the brilliant Lego Mindstorres Robotic Inventior System
(RIS) by using Lego’s awn accessories and some sim-
ple home constructed units. You will be able to build
robots that can provide you with ‘waiter service’ when
you clap your hands, perform tricks, ‘see’ and avoid
objects by using ‘bats radar’, or accurately follow a line
marked on the floor. L2arn to use additional types of
sensors including rotazion light, temperature, sound
and ultrasonic and also explore the possibilities provid-
ed by using an additional (third) motor. For the less
experienced, RCX code programs accompany most of
the featured robots. However, the more adventurous
reader is also shown how to write programs using
Microsoft's VisualBASIC running with the ActveX con-
trol (Spirit.OCX) that is provided with the RIS kit.

Detailed building inst-uctons are provided for the fea-
tured robots, including numerous step-by-step pho-
tographs. The designs include rover vehicles, a virtual
pet, a robot arm, an ‘intelligent’ sweet dispenser and a
colour conscious robot that will try to grab objects of a

specific colour.
Order code BP902

298 pages £14.99
ANDROIDS, ROBOTS AND ANIMATRONS - Second
Edition - John lovine

Build your own working robot or android using both off-
the-shelf and workshop constructed materials and
devices. Computer control gives these robots and
androids two types of artificial intelligence (an expert sys-
tem and a neural newwark). A lifelike android hand can be
built and programmed to function doing repetitive tasks. A
fully animated robot or android can also be buiit anc pro-
grammed to perform a wide variety of functions.

The conlents includ2 an Overview of State-of-the-Art
Robots; Robotic Locomotion; Motors and Power
Controllers; All Types of Sensors; Tilt; Bump; Road and
Wall Detection; Lignt; Speech and Sound Recognition;
Robotic Intelligence (Expert Type) Using a Single-Board
Computer Programmed in BASIC; Robotic intelligence
(Neutral Type) Using Simple Neural Networks (Insect
Intelligence); Making a Lifelike Android Hand; A
Computer-Controlled Robotic Insect Programmed in
BASIC; Telepresence Robots With Actual Arcade and
Virtual Reality Apphcations; A Computer-Controlied
Robotic Arm; Animated Rabots and Androids; Real-World
Robotic Applications.

224 pages

£16.99

DIRECT BOOK SERVICE

NOTE: ALL PRICES INCLUDE UK POSTAGE

The books listed have been selected by Everyday Practical Electronics
editorial staff as being of special interest to everyone involved in elec-
tronics and computing. They are supplied by mail order to your door.
Full ordering details are given on the last book page.

For a further selection of books see the next two issues of EPE.

Radio

BASIC RADIO PRINCIPLES AND TECHNOLOGY
lan Poole
Radio technology is becoming increasingly important in
today's high techinology saciety. There are the traditional
uses of radio which include broadcasting and point to
point radio as well as the new technologies of satellites
and cellular phones. All of these developments mean
there is a growing need for radio engineers at all levels.
A ing a basic knc ge of electronics, this book
provides an easy to understand grounding in the topic.
Chapters in the book: Radio Today, Yesterday, and
Tomorrow; Radw Waves and Propagation; Capacitors,
Inductors, and Filters; Modulation; Receivers;
Transmitters; Antenna Systems; Broadcasting; Satellites;

Personal Communications; Appendix - Basic
Calculations.
263 pages Order code NE30 £18.99

PROJECTS FOR RADIO AMATEURS AND S.WL.S.

R. A. Penfold

This book describes a number of electronic circuits, most
of which are quite simple, which can be used to enhance
the performance of most short wave radio systems.

The circuits covered include: An aerial tuning unit; A
simple active aerial; An add-on b.f.o. for portable sets;
A wavetrap to combat signals on spurious responses; An
audio notch filter; A parametric equaliser; C.W. and S.S.B.
audho filters; Simple noise limiters; A speech processor; A
volume expanaer.

Cther useful circuits include a crystal oscillator, and
RTTY/C.W. tone decoder, and a RTTY serial to parallel
converter. A full range of interesting and useful circuits for
short wave enthusiasts.

92 pages Order code BP304 £4.45

AN INTRODUCTION TO AMATEUR RADIO

I. D. Poole

Amateur radio is a unique and fascinatng hobby which
has attracted thousands of people since it began at the
turn of the century. This book gives the rewcomer a com-
prehensive and easy to understand guide through the
subject so that the reader can gain the most from the
hobby. It then remains an essential reference volume to
be used time and again. Topics covered include the basic
aspects of the hobby, such as operating procedures, jar-
gon and setting up a station. Technical topics covered
include propagation, receivers, transmitters and aerials
elc.

Order code BP257 £5.49

VALVE RADIO AND AUDIO REPAIR HANDBOOK
{Second Edition) 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 emphass 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 iearn 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.

270 pages

150 pages

£23.99

Computers and Computing

THE INTERNET FOR THE OLDER GENERATION
Jim Gatenby

Esoecially wrilten for the over 50s. Uses only clear and
easy-to-understand lanquage. Larger type size for easy
reading. Provides basic knowledge to give you confi-
dence to join the local computer class.

This book explains how to use your PC on the Internet
and covers amongst other things: Choosing and setting
up your computer for the Internet. Getting connected to
the Internet. Sending and receiving emails, pho-
tographs, etc., so that you can keep in touch with fam-
ily and friends all over the world. Searching for and
saving information on any subject. On-line shopping
and home banking. Satting up your own simple web

site.
Oroer code BP600 £8.99

228 pages

HOW TO BUILD YOUR OWN PC —

Third Edition

Morris Rosenthal

More and more people are building their own PCs. They
get more value for their money, they create exactly the
machine they want, and the work is highly satisfying
and actually fun. That is, if they have a unique begin-
ner's guide like this one, which visually demonstrates
how to construct a state-of-the-art computer from start
to finish.

Through 150 crisp photographs and clear but minimal
text, readers will confidently absorb the concepts of
computer building. The extra-big format makes it easy
to see what’s going on in the pictures. For non-special-
ists, there’'s even a graphical glossary that clearly
illustrates technical terms. The author goes “under the
hood” and shows step-by-step how to create a socket 7
(Pentium ard non-intel chipsets) and a Slot 1 {Pentium
11) computer, covering: What first-time builders need to
know; How to select and purchase parts; How to
assemble the PC; How to install Windows 98. The few
existing books on this subject, although badly outdated,
are in steady demand. This one delivers the expertise
and new technology that fledgling computer builders
are eagerly looking for.

224 pages - large format KeIG gL LR el P £20.99
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PIC YOUR PERSONAL INTRODUCTORY COURSE
SECOND EDITION John Morton

Discover the potential of the PIC micro-
controller through graded projects — this book could
revolutionise your electronics construction work!

A uniquely concise and practical quide to getting up
and running with the PIC Microcortroller. The PIC is
one of the most popular of the microcontrollers that are
transforming electronic project work and product
design.

Assuming no prior knowledge of microcontrollers
and introducing the PIC’s capabilities through simple
projects, this book is ideal for use in schools and col-
leges. It is the ideal introduction for students, teachers,
technicians and electronics enthusiasts. The step-by-
step explanations make it ideal for self-study too: this
is not a reference book - you start work with the PIC
straight away.

The revised second edition covers the popular repro-
grammable EEPROM PICs: P16C84/16F84 as well as
the P54 and P71 families.

Order code NE3E

UNDERSTANDING PC SPECIFICATIONS

R. A. Penfold (Revised Edition)

PCs range from simple systems of limited capabilities
up to complex systems that can happily run applica-
tions that would have been considered beyond the abil-
ities of a microcomputer not so long ago. It would be
very easy to choose a PC system #at is inadequate to
run your applications efficiently, or one which goes
beyond your needs and consequently represents poor
value for money.

This book explains PC specifications in detail, and
the subjects covered include the following: Differences
between types of PC (XT, AT, 80386, etc); Maths co-
processors; input devices (keyboards, mice, and digitis-
ers); Memory, including both expanded (EMS) and
extended RAM; RAM disks and disk caches; Floppy
disk drive formats and compatibility; Hard disk drives
(including interfeave factors and access times); Display
adaptors, including all standard PC types (CGA,
Hercules, Super VGA, etc); Contains everything you
need to know if you can't tell your EMS from your EGA!
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270 pages £15.99

128 pa