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Cotour CCTV camera, 8Bmm lens, 12V d.c. 200mA 582x628
Resolution 380 lines Automatic aperture lens Mirror function PAL
Back Light Compensation MLR, 100x40x40mm. Ref EE2 £69

Built-in Audio .15lux CCD camera 12V d.c. 200mA 480 lines
s/n ratio >48db 1v P-P output 110x60x50mm, Ref EE1 £99

Metal CCTV camera housings for internal or external use. Made
from aluminium and plastic they are suitable for mounting body
cameras In. Available in two sizes 1 - 100x10x170mm and 2 —
100x70x280mm. Ref EE6 £22 EE7 £26 muiti-position brackets.
Ref EEB £8

Excellent quality multi-purposeTV/TFT screen, works as just a
LCD colour monitor with any of our CCTV cameras or as a
conventional TV. Iideal for use in boats and caravans 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 Z21-27. Cable channels 224.25MHz-
446.75MHz 28-235 5 colour screen. Audic output 150mW.
Connections, external aerial, earphone jack. audio/video input,
12V d.c. or mains, Accessories supplied Power supply, Remote
control, Cigar lead power supply, Headphone Stand/bracket. 5"
model £139 Ref EE9, 6" model £149. Ref EE10

Fully cased IR light source suitable for CCTV applications. The unit
measures 10x10x150mm, is mains operated and contains 54 infra-
red LEDs. Designed to mount on a standard CCTV camera bracket.
The unit also contains a daylight sensor that will only activate the
infra red lamp when the light level drops below a preset level. The
infrared lamp is suitable for indoor or exterior use, typical useage
would be to provide additional IR illumination for CCTV cameras.
£49. Ref EE11

ey

This device 15 mains operated and designed 10 be used with a
standard CCTV camera causing it to scan. The biack 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. 75x75x80mm £23. Ref EE 12
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Colour CCTV Camera measures 60x45mm and has a built in light
level detector and 12 R LEDs .2 lux 12 IR LEDs 12V d.c. Bracket
Easy connect leads £69. Ref EE15
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A high quality external colour CCTV camera with built in Infra-red
LEDs measunng 60x60x60mm Easy connect leads colour
Waterproof PAL 1/4' CCD 542x588 pixels 420 lines .05 lux 3.6mm

F2 78 deg lens 12V d.c. 400mA Built in light level sensor. £99. Ref
EE13
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A small compact colour CCTV camera measurirg just
35x28x30mm (camera body) Camera is supplied complete with
mounting bracket, built in IR, microphone and easy connect leads.
Built in audio Built in tR LEDs Colour 380 line resolution PAL 0.2
us +18db sensitivity. Effective pixels 628x582 Power source: 6-12V
d.c. Power consumption 200mW £36. Ref EE 16

MR

Complete wireless CCTV sytem with video. Kit comprises 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 Available in two versions, pinhole and standard. £79
(pinhole) Ref EE17. £79 (standard). Ref EE18

-

Small transmitter designed to transmit audio and video signals on
2.4GHz. Unit measures 45x35x10mm.ideal for assembly into
covert CCTV systems Easy connect leads Audio and vided input
12V d.c. Complete with aenal Selectable channel switch £30. 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. 8s. 12s. 16s. £45. Ref EE20

Colour pinhole cctv camera module with audio Compact colour
pinhole camera measuring 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 £35. Ref £35

Selt-cocking pistol plcr002 crossbow with metal body. Self-cocking
for precise string alignment Aluminium alloy construction H gh tec
fibre glass limbs Automatic safety catch Supplied with thre'2 bolts
Track style for greater accuracy. Adjustable rearsight 50Ib
drawweight 150ft sec velocity Break action 17" string 30m range
£21.65 Ref PLCR0O0O2 INFRA-RED FILM 6" square piece of
flexible infra-red film that will only allow IR light through. Pertect for
converting ordinary torches, lights, headlights etc to infra-red
output only using standard light bulbs Easily cut to shape. 6"
square £15. Ref IRF2 or a 12" sq for £29 (RF2A NEW 12V 12"
SQUARE SOLAR PANEL Kevlar backed, 3watt output. Copper
strips for easy solder connections £14.99. Ref 15P42 PACK OF 4

JUST £39.95. REF 15P42SP

Dummy CCTV cameras These motorised cameras will work either on
2 AA batteries or with a standard DC adapter (not supplied) 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 rawl plugs and fixing screws.
Camera also has a flashing red LED built in. £9.95, Ref CAMERAB
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We aiso have some used 2.3AH 12V (same as above) these are
tested and in good condition and available at an extremely good
price for bulk buyers, box of 30 just £49.99. Ret SLB23C

Aiptek Pocket DV Up to 2000 still pics before requiring downloadl!
The all new Pocket DV. it's amazing . such advanced technology.
such a tiny size - you will be the envy of your friends't This camera
will take up to 3.5 minutes of Video and Audio. up to 2000 digital
still pictures or 30 minutes of voice recording! Then just connect it
to your PC via the USB cable (Supphed) and after transferring the
data you can start a'l over again'! £69 Ref POCKETDV

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 £59.99 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
£59.95 Ref ALAN1 Or supplied with 2 sets of rechargeable
batteries and two mains chargers £84.99. Ref Alan2

Beltronics BEL550 Euroradarand GATSO detector Claimed
Detection Range: GATSO up 400m. Radar & Laser guns up to 3
miles. Detects GATSO speed cameras at least 200 metres away,
plenty of time to adjust your speed £319. Ref BEL550

Fully Portable - Use anywhere Six automatic programmer for full
body pain relief. shoulder pain, back/neck pain, aching joints,
rheumatic pain, sports injuries EFFECTIVE DRUG FREE PAIN
RELIEF TENS {Transcutaneous Electrical Nerve Stimulation) units
are widely used ir hospitals, chinics throughout the United
Kingdom for effective drug free pain relief. This compact unit 1s
now approved for home use. TENS works by stmulating nerves
close to the skin releasing endorphins (natures anesthetics) and
helping to block the pain signals sent to the brain. Relief can begin
within minutes, and a 30 minute treatment can give up 12 hours
relief or more. TheTENS mini Microprocessors offer six types of
automatic programme for shoulder pain. back/neck pain. aching
joints, Rheumatic pain. migraines headaches, sports injuries,
period pain. In fact all over body treatment. Will not interfere with
existing medication. Not suitable tor anyone with a heart
pacemaker. Batteries supphed. £19.95 Ref TEN327 Spare pack of
electrodes £5.99. Re* TEN327X
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A bulk purchase enables us to bring to you these
GIANT 7-segment digital displays at a now affordable
price!! The 10” character size gives exceptional read-
ability at long distances and enables a host of appiica-
ions clocks,

/ £99.00(0)

Less than 30%
price Order PH26

ekl Oncl)ryder£§3;495(e) ord

THE AMAZING TELEBOX

TV SOUND &

VIDEO TUNER

CABLE COMPATIBLE *

Y

Converts your colour monitor into a QUALITY COLOUR TV!!

will also plug directly into most video recorders, allowing reception of TV chan-
nels ) tvab most televisk ivers* X

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

GIANT 10” 7-SEGMENT DISPLAYS] IC's -TRANSISTORS - DIODES
p—

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 Muttisync colour monitor with fine 0.28
dot pitch tube and resolution of 1024 x 768. A variety of
inputs allows connection to a host of induding
IBM PC's in CGA, EGA, VGA & SVGA modes, BBC,
COMMODORE  (including  Amiga
ARCHIMEDES and APPLE feal

faceplate, text
specification. Fulz guaranteed, in EXCELLENT ittie
used condtion. Tilt & Swivel Base £4.75

Order as

VGA cable for IBM PC included. Only £129 ) cer
External cables for other types of computers available - CALL

Surplus always
wanted for cash!

19" RACK CABINETS

Europe’s Largest Stocks of
quality rack cabinets,

enclosures and accessories.
Over 1000 Racks from stock

N
Do
665,

This month’s special
33/42/47 U - High Quality
All steel Rack Cabinets

Made by Eurocraft Enclosures Ltd to the highest possible
spec, rack features all steel construction with
removable side, front and back doors. Front and N
back doors are hinged for easy access and all - “~ /.-"’//
-5

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

X

Generic LOW COST SVGA Monitors
We choose the make, which includes Compagq,
Mitsubishi, IBM, etc. Supplied ready to run with all
cables, Standard RTB 90 day guarantee.

not Y on
MB). Push button controis on the front panel aliow reception of 8 fully tuneable 14" 15" 17"
‘off air UHF colour television channels. TELEBOX MB covers virtually al tele-
Vison frequendies VHF and UHF inciuding the HYPERBAND as used by £59.00 £69.00 £79.00
most cable TV op ideal for desktop computer video system
PIP (picture in picture) setups. For complete compatbility — even for monitors Supplied in good used condition. Shipping code (D)
without sound — an integral 4 watt audio ampiifier and low level Hi Fi audio out-
L e VIDEO MONITORS

r Site vi npu e monito B

TELEBOX STL as S‘T%?Jt fitted with ﬁneg& speaker £39.50 PHILIPS HCS35 (same style as CMB833) attractively styled 14"

TELEBOX MB Multiband 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 shoud be con-
nected to a cable type service. Shipping on ail Telebox's, code (B)

State of the art PAL (UK spec) UHF TV tuner module
with composite 1V pp video & NICAM ni fi stereo sound

‘outputs. Micro electronics all on one small PCB only 73 x 160
x 52 mm enable full tuning control via a simple 3 wire fink to an IBM
pc type computer. Supplied complete with simpie working program
and documentation. Requires +12V & + 5V DC to operate.

BRAND NEW - Order as MY00.  Only £39.95 code (B)
See www.dIstel.co.uk/data_my00.htm for picture + full detalls

HARD DISK DRIVES 272" - 14"

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%" TOSHIBAMKG409MAV 6.1Gb laptop (12.7 mm H) New £98.00

2%" TOSHIBA MK1614GAV 18 Gb laptop (12 mm H) New£149.95
2%" to 3'%%" conversion kit for Pc's, complete with connectors £15.95
3%." COMPAQ 313706-B21 (IBM) 9 gb ULT/SCSI3  New £199.00
31%%" FUJI FK-309-26 20mb MFM I/F RFE £59.95
3%" CONNER CP3024 20 mb IDE I/F (or equiv.) RFE £59.95
3%" CONNER CP3044 40 mb IDE I/F (or equiv.) RFE £69.00
3%* QUANTUM 40S Prodri ve 42mb SCSI 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 SCS| RFE tested £99.00

5%" HP C3010 2 Gbyte SCS| differential RFE tested £195.00
8" NEC D2246 85 Mb SMD interface. New £99.00
8"  FUMNTSU M2322K 160Mb SMD I/F RFE tested £195.00
8"  FUJITSU M2392K 2 Gb SMD I/F RFE tested £345.00

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

ST EQUIPMENT & SPECIAL |

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

1kW t0 400 kW - 400 Hz 3 power sources - ex stock
IBM 8230 Type 1, Token ring base unit driver

Wayne Kerr RA200 Audio frequency response analyser 500
INFODEC 1U, 24 port, RJ45 network patchpanels. #TH93 £49
ACOM 16670 12 Port Ethernet hub - RJ45 connectors #LD97 £69
3COM 16671 24 Port Ethernet hub - RJ45 connectors £89
ICOM 16700 8 Port Ethernet hub - RJ45 connectors NEW £39
IBM 53F5501 Token Ring ICS 20 port lobe modules POA
IBM MAU Token ring distribution panel §228-23-5050N £45
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE /O £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-1GH2 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 dgenerator. GPIB etc
HP A1, AO 8 pen HPGL high speed drum plotters - from
HP DRAFTMASTER 1 8 gen high speed plotter
EG+G Brookdeal 95035C Precision lock in amp
Keithley 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

colour monitor with hoth 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 Amiga 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
front concealed flap controls, VCR correction button etc. Good used

condition - fully tested - guaranteed
Dimensions: v&w X H12g=‘/4' x 15%" D. On|y £99‘00 {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 bumns). In attractive
s%Jare black plastic case measuring W10" x H10® x 13%" D. 240 V
A

mains powered. omy £79.00 ()
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 control
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, si gle
board computer with 8 MByte NON VOLATILE solid state 'Disk
On Chip' RAMDISK. Systern comprises: Rocky 318 (PC104) SBC
ISA card with 40MHz ALi 386SX CPU, 72 pin SIMM slot with 16
Mbyte SIMM, AMI BIOS, battery 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 capacity, watchdog 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 Q?&e. - .
s of applications inc:
firewall, rou?grs, robotics etc  ONly £99.00 (o)

REST EMS Unless marked NEW, ms in

this section are pre owned.

HPB030A 0-200V DC @ 17 Amps bench power supply £1950
Intel SBC 486/125C08 Enhanced Multibus (MSA) New £1150
Nikon HFX-11 (Ephiphot) exposure control unit £1450
PHILIPS PM5518 pro. TV signal generator £12
::Joclﬁ{ola VME Bus Boards & Components List. SAE / CALL

P

Trio 0-18 vdc linear, metered 30 amp bench PSU. New
Fujitsu M3041R 600 LPM high speed band printer
Fufitsu M3041D 600 LPM printer with network interface
Siemens K4400 64Kb to 140Mb demux analyser
Perkin Elmer 299B Infrared spectrophotometer
Perkin Elmer 597 Infrared s| rophotometer
VG Electronics 1035 TELETEXT Decoding 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 Microphone pre amp £3
Taylor Hobson Tallysurt amplifier / recorder £750
ADC §5200 Carbon dioxide gas detector / monitor £1450
BBC AM20/3 PPM Meter (Emest Turner) + drive etectronics £75
£5650
990

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 £5750
TEK 2445 150 MHz 4 trace oscilloscope 1250
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955

TEK TDS380 400Mhz2 digital realtime + 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 - Large range from stock - call or see our website

CLAUDE LYONS 12A 240V single phase auto. volt. regs £325

19" rack equipment. The two movable vertical |

fixing struts (extras available) are pre punched for !

standard ‘ca?e nuts’. A mains distribution

panel internally mounted to the bottom rear, pro- s |
vides 8 x IEC 3 pin Euro sockets and 1 x 13amp 3 ] L*
pin switched utility socket. Overall ventilation is pro-

vided by 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 inctude: fitted cas-
tors and floor levelers, prepunched utility panel at lower rear for caple
/ connector access etc. Supplied in excellent, slightly used condi-
tion with k?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" Hx 25" D
x23%" W)

=

i.
I
l

42U
Order as DT20
External dimensions
mm=2019H x 635D x
603 W. (79.5" H x 25"
Dx23%" W)
Only Only Only

£245 | £345 | £410

Call for shipping quotation
COLOUR CCD CAMERAS

Undoubtedly a miracte of modern technology & our
wer | A quality product featuring

47U

Order as RV36
External dimensions
mm=2019H x 635D x
603 W (B8"Hx25"D
x 23%" W)

a fully cased COLOUR CCD camera at a give away 4’/
price ! Unit features full autolight sensing for use in low
A 10 mm fixed focus wide angle lens
ives excellent focus and resolution
=« Posite video output will connect to an¥
V&' composite monitor or TV (via SCAR
runs from 12V DC so ideal for security &
portable applications where mains

special buymg 80 g 8
light & high light applications.
= f
. rom close up to long range. The com-
4 socket) and most video wecorders. Unit
wer not avaitable. Overall dimensions

po
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.

Orderas LK33 ~ ONLY £79.00 or 2 for £149.00 @)

SOFTWARE SPECIALS

NT4 WorkStation, complete with service pack 3
and licence - OEM packaged. ONLY £89.00 »

ENCARTA 95 - CDOROM, Not the latest - but at this price ! !;.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 £55.00
Windows 95 CDROM Only - No Licence - £19.95

Wordpertect 6 for DOS supplied on 3%" 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 alumini-
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
gated TTL ON / OFF. Many uses for experimental optics, ccmms &
lightshows etc. Supplied complete with data sheet.

Order as TD91 ONLY £24.95 )

DC POWER SUPPLIES {

Virtually every type of power supply you
can Imagine.Over 10,000 Power Supplies
Ex Stock - Call or see our web site.

RELAYS - 200,000 FROM STOCK

Save ££££'s by choosinﬁ/our next relacx from our Massive Stocks
covering types sych 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.distel.co.uk for more information. Many obsolete types trom
stock. Save ££££'s

ALL MAIL TO
Dept PE, 29 / 35 Osborne Rd

Thornton Heath

Surrey CR7 8PD
Open Mon - Fri 9,00 - 5:30

(E)=£18.00, (F)=CALL Alo«approxadaysfovstm-fassrCALL All goods supphied
ed guaranteed for 90 days. All quarantees on a retum to base basis. All rights reserved to change
et

volume. Top CASH prices paid for surplus goods. All trademarks, tradenames etc acknowledged.

eowe Sae

to our

18 Million Items On Line Now !
Secure ordering, Pictures, Information

www.distel.co.uk

emall = admin @distel.co.uk

8

%® ENQUIRIES

0208 653 3333

FAX 0208 653 8888

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

days dearance. Cariage charges (A)=£3.50, (B)}=£6.50, (C}=£10, (D)=£15.00,
Conditions of Sale which can be viewed at our website and uniess stat-
i i prior notice. Orders subject to stook. Discounts for

specifications without
Elactronics 2002. E&AOE..




DOOR CHIME

Recreate the nostalgic “Ding Dong”
chime with this design. Employs a
handful of active components,
including a power amplifier i.c., to

| give a realistic chime sound from a
small p.c.b. supplied by a 9V PP3
battery. The note frequencies can be
altered to meet individual
preferences.

SUPER MOTION SENSOR

This relatively simple unit — it employs just three i.c.s and a couple of transistors
— will detect a single finger moving at a distance of five metres, or a person
crossing a path at 20 metres. The circuit responds to fluctuations in light level
and is thus much more flexible than a typical “light beam” system.

Requiring no setting up, the unit auto-adjusts over the range of about 50 lux to
60,000 lux and it can thus be used without a dedicated light source in a wide
variety of daylight situations, or with virtually any a.c. lighting source.

ﬂ%A CK TO BASICS
Live Wire Detector and MW Radio.

Two more simple, easy to build projects.
The Live Wire Detector uses just six components to detect live mains wires, to
locate breaks in mains circuits and to test light bulbs, fuses and relay coils for
continuity. Another three transistor project, the MW Radio is a simple
regenerative design that is fun to build and use.

To ensure supply please order a copy of EPE from your
newsagent or take out a subscription

NO ONE DOES IT BETTER

| EVERYDAY |

DON'T MISS AN
ISSUE - PLACE YOUR

PRACTICAL
Em =ECHIRGUINIECS ORDER NOW!

Demand is bound to be high

L _

MAY 2003 ISSUE ON SALE THURSDAY, APRIL 10
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www.QuasarElectronics.com

PO Box 6935. BISHOPS STORTFORD. Herts. CM23 4WP

TEL 0871 717 7168

FAX 0871 277 2728

PROJ ECT KITS

Our electronic kits are supplled complete with all components, high quality PCBs
(NOT cheap Tripad strip board!) and detailed assembiy/operating instructions

® 2 x 25W CAR BOOSTER AMPLIFIER Connects to
the output of an existing car stereo cassette player,
CD player or radio Meatsinks provided. PCB
76x75mm. 1046KT. £24.95

@ 3-CHANNEL WIRELESS LIGHT MODULATOR
No electrical connection with ampiifier. Light modu-
lation achieved via a sensitive electret microphone.
Separate sensitivity control per channel. Power
handing 400W./channel PCB 54x112mm. Mains
powered Box provided 6014KT £24.95

® 12 RUNNING LIGHT EFFECT Exciting 12 LED
light eftect deal for parties, discos, shop-windows &
eye-catching signs. PCB design allows replacement
of LEDs with 220V bulbs by inserting 3 TRIACs.
Adjustable rotation speed & directon. PCB
54x112mm. 1026KT £15.95; BOX (for mains opera-
tion) 2026BX £9.00

@ DISCO STROBE LIGHT Probably the most excit-
ing of all iight effects. Very bright strobe tube.
Adjustable strobe frequency 1-60Hz. Mains powered
PCB: 60x68mm Box provided 6037KT £28.95

@ ANIMAL SOUNDS Cat. dog, chicken & cow. ldeal
for kids farmyard toys & schools. SG10M £5.95

@ 3 1/2 DIGIT LED PANEL METER Use for basic
voltage/current displays or customise to measure
temperature, light, weight, movement, sound lev-
els, etc. with appropnate sensors (not supplied).
Various input circuit designs provided. 3061KT
£13.95

® IR REMOTE TOGGLE SWITCH Use any TV/VCR
remote control unit to swilch onboard 12V/1A relay
onjoft. 3058KT £10.95

SPEED CONTROLLER tor any common DC motor up
to 100V/5A. Pulse width modulation gives maxtmum
torque at all speeds. 5-15VDC. Box providec. 3067KT
£12.95

@ 3 x 8 CHANNEL IR RELAY BOARQ Control eight 12V/1A
relays by Infra Red (IR) remote control over a 20m range In
sunlight, 6 relays turn on only, the other 2 toggle on/olf. 3 oper-

SURVEILLANCE

High performance survettiance bugs. Room transmutters supphed with sensitive electrel microphone & battery holder/clip. Alf transmit-
fers can be recewved on an oronary VHF/FM radio between 88-108MHz. Avarlable in Kit Form (KT) or Assembied & Tested (AS).

ROOM SURVEILLANCE

® MTX - MINIATURE 3V TRANSMITTER Easy to buki & guar-
anieed to transm1t 300m @ 3V Long battery e 3-5V operation
Onfy 45x18mm B 3007KT £6.95 AS3007 £11.95

MRTX - MINIATURE 9V TRANSMITTER Our best seling bug.
Super sensitrve high power - 500m range @ 9V {over Tkm with
18V supply and better aenial) 45x19mm 3018KT £7.95 AS3018
£12.95

HPTX - HIGH POWER TRANSMITTER High perlormance, 2
stage  transmitter  gives o
greater stabiirty & higher qual-

iy recepbon 1000m range 6-

12V DC operation. Size .

70x15mm  3032KT  £9.95

AS3032£18.95

@ MMTX - MICRO-MINIATURE 9V TRANSMITTER The utmate
bug for s size, performance and price Just 15x25mm 500m
range @ 9V. Good stabilty 6-18V operaton 3051KT £8.95
AS3051 £14.95

@ VTX - VOICE ACTIVATED TRANSMITTER Operates only
when sounds detected Low standby curreni. Variable tngger sen-
sty 500m range Peaking circurl supplied for maxmum RF out-
put. Onioff switch 6V operation Only 63x383mm 3028KT £12.95
AS3028 £24.95

HARD-WIRED BUG/TWO STATION INTERCOM Each station
has ts ovm amplifier, speaker and mic Can be set up as edher a
harg-wired bug or two-station infercom. 10m x 2-core cable sup-
phied 9V operation. 3021KT £15.95 (kit form onty)

@ TRYS - TAPE RECORDER VOX SWITCH Used to automat-
cally operate a tape recorder {not suppled) via 4s REMOTE sock-
e! when sounds are detected All conversations recorded

anon ranges by jumpers case & all
components provided Recever PCB 76x89mm  3072KT
£52.95

COMPUTER TEMPERATURE DATA LOGGER

but only one DS18520 sensor.

Kit software available free from our website.
ORDERING: 3145KT £23.95 (kit form);
AS3145 £29.95 (assembled);

Additional DS18520 sensors £4.95 each

PRODUCT FEATURE

PC serial port controlled 4-channel temperature
meter (either deg C or F). Requires no external
power. Allows continuous temperature data logging of
up to four temperature sensors located 200m+ from
motherboard/PC. Ideal use for old 386/486 comput-
ers. Users can taillor input data stream to suit their
purpose (dump it to a spreadsheet or write your own
BASIC programs using the INPUT command to grab
the readings). PCB just 38mm x 38mm. Sensors con-
nect via four 3-pin headers. 4 header cables supplied

® SOUND EFFECTS GENERATOR Easy to build.
Create an aimost infinite variety of interesting/unusu-
al sound effects from birds chirping to sirens. 9VDC.
PCB 54x85mm. 1045KT £8.95

® ROBOT VOICE EFFECT Make your voice
sound similar to a robot or Oarlek. Great fun for
discos, school plays, theatre productions, radio
stations & playing jokes on your frnends when
answering the phone! PCB 42x71mm. 1131KT
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@ AUDIO TO LIGHT MODULATOR Controls intensi-
ty of one or more lights in response to an audio 1Nput.
Safe, modern opto-coupler design. Mains voltage
experience required. 3012KT £8.95

® MUSIC BOX Activated by light. Plays 8 Chrisimas
songs and 5 other tunes. 3104KT £7.95

® 20 SECOND VOICE RECORDER Uses non-
volatile memory - no battery backup needed.
Record/replay messages over & over. Playback as
required to greet customers etc. Volume control &
built-in mic. 6VDC. PCB 50x73mm.

313IKT £12.95

@ TRAIN SOUNDS 4 selectable sounds . whistle
blowing, level crossing bell, ‘clickety-clack’ & 4 in
sequence. SGO1M £6.95

X FACTOR

@ PC CONTROLLED RELAY BCARD

Convert any 286 upward PC into a dedicated auto-
matic controller to independently turn onjoff up to
eight lights, motors & other devices around the
home, office, laboratory or factory. Each relay output
is capable of switching 250VAC/4A. A suite of DOS
and Windows control programs are provided to-
gether with all components (excepl box and PC
cabie). 12VOC. PCB 70x200mm. 3074KT £31.95

® 2 CHANNEL UMF RELAY SWITCH Contains the
same transmiter/receiver pair as 30A15 below pius
the components and PCB 1o control two
240VAC/10A relays (also suppled). Ultra bright
LEOs used to indicate relay status. 3082KT £27.95
@ TRANSMITTER RECEIVER PAIR 2-button keyfob
style 300-375MMz Tx with 30m range. Receer
encoder module with matched decoder IC.
Components must be built into a circun ke kit 3082
above 30A15 £14.95

® PIC 16C71 FOUR SERVO MOTOR DRIVER
Simutianeously control up to 4 servo motors Software &
all components {except servos/controt pots) supplied.
5VDC PCB 50x70mm. 3102KT £15.95

® UNIPOLAR STEPPER MOTOR DRIVER for any
56/8 lead motor. Fastslow & single step rates.
Oirection control & on/off switch. Wave, 2-phase &

PUBLICATIONS
THE EXPERTS IN RARE &
UNUSUAL INFORMATION!
Ful detasls of all X-FACTOR PUBLICATIONS can be found in

our catalogue N.B Minmum order charge for reports and plans
15 £5.00 PLUS normal P&P.

® SUPER-EAR LISTENING OEVICE Complete plans to
burld your own paraboiic dish microphone Listen to distant
voices and sounds through open windows and even walls'
Made from readily available parts R002 £3.50

@ LOCKS - How they work and how 1o pick them This fact
filed report will teach you more about locks and the an of
lock picking than many books we have seen at 4 times the
pree Packed with information and tlustrations. R008 £3.50
@ RADIO & TV JOKER PLANS

We show you how to build three different circuits for disrupt-
g TV picture and sound plus FM radio' May upset your
neghbours & the authorties!! DISCRETION REOUIRED
RO17 £3.50

@ INFINITY TRANSMITTER PLANS Complete plans for
butding the famous Infirty Transmitter Once installed on the
target phone, dewice acts ke & room bug. Jus! call the target
phone & activate the unil to hear all room sounds Great for
home/office secunty! R0O19 £3.50

® THE ETHER BOX CALL INTERCEPTDR PLANS Grabs
telephone calls out of thin ait No need to wire-In a phone
bug. Simply ptace this device near the phone lines 1o hear the
conversations taking place! R025 £3.00

@ CASH CREATDR BUSINESS REPORTS Need ideas for
making some cash? Well this could be just what you need!
You get 40 reports (approx 800 pages) on fioppy disk that
grve you mformation on setting up ditferent businesses You
aiso get valuable reproduction and duplication nghts so that
you can sell the manuals as you like R030 £7.50
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half: step modes. 4 LED indicators. PCB
50x65mm. 3109KT £14.95

® PC CONTROLLED STEPPER MOTOR DRIVER
Control two unipolar stepper motors (3A max. each)
via PC pninter port. Wave, 2-phase & half-wave step
modes. Software accepts 4 digital inputs from exter-
nal switches & will singie step motors. PCB fits in O-
shell case provided. 3113KT £17.95

® 12-BIT PC DATA ACQUISITION/CONTROL UNIT
Similar to kit 3093 above but uses a 12 bit Analogue-
10-Olgital Converter (ADC) with internal analogue
muttiplexor. Reads 8 single ended channels or 4 dif-
ferential inputs or a mixture of both. Analogue Inputs
read 0-4V. Four TTL/CMOS compatible digital
inputoutputs. ADC conversion time <10uS Software
(C, QB & Win), extended D shell case & all compo-
nents (except sensors & cable) provided. 3118KT
£52.95

@ LIQUID LEVEL SENSOR/RAIN ALARM Will mdi-
cate fluid levels or simply the presence of fluid. Relay
output to controt a pump 1o add/remove waler when it
reaches a certain leve!. 1080KT £5.95

® AM RADIO KIT 1 Tuned Radio Frequency front-
end, single chip AM radio IC & 2 stages of audio
amplification. All components inc. speaker provid-
ed. PCB 32x102mm. 3063KT £10.95

® DRILL SPEED CONTROLLER Adjust the speed
of your electric drill according to the job at hand.
Suttable for 240V AC mains powered drills up to

WEB: http://www.QuasarElectronics.com
emall: epesales@QuasarElectronics.com

I sensivity & turn-off delay 115x19mm 3013KT £9.95
AS3013 £21.95

TELEPHONE SURVEILLANCE

@ MTTX - MINIATURE TELEPHONE TRANSNITTER Attaches
anywhere 10 phone kne Transnis only when phone 1s used!
Tune-in your radio and hear both parties 300m range Uses line
as aenal & power source 20x45mm 3016KT £8.95 AS3016
£1495

@ TRI - TELEPHONE RECORDING INTERFACE Automatically
record all conversations Connects between phone iine 8 tape
recorder {not suppied) COperates recorders with 15-12V battery
systems Powered from Ine 50x33mm 3033KT £9.95 AS3033
£18.95

@ TPA - TELEPHONE PICK-UP AMPLIFIER/WIRELESS
PHONE BUG Place pick-up coi on the phone line or near phone
earpiece and hear both sides of the conversation 3055KT £11.95
AS3055 £20.95

HIGH POWER TRANSMITTERS

@ 1 WATT FM TRANSMITTER Easy to construct Delivers a
¢risp, clear signal Two-stage crcuit Kit includes microphone and
requires a simple open daole aenal 8-30VDC PCB 42xd45mm
1009KT £12.95

® 4 WATT FM TRANSMITTER Comprises three RF
stages and an audio preamplifier stage. Piezoelectric
microphane supplied or you can use a separate preampli-
fier ciccut. Antenna can be an open dipole or Ground
Plane Ideal project for those who wish 1o get started in the
fascinating world of FM broadcasting and want 8 good
basic circuit 1o expenment with 12-18VDC. PCB
44x146mm 1028KT. £22.95 AS1028 £34.95

@ 15 WATT FM TRANSMITTER (PRE-ASSEMBLED &
TESTED) Four Iransistor based stages with Philips BLY
88 in final stage. 15 Watts RF power on the air. 88-
108MHz Accepts open dipole, Ground Plane, 5/8, J, or
YAGI antennas. 12-18VDC PCB 70x220mm. SWS meter
needed for aignment. 1021KT £99.95

@ SIMILAR TO ABOVE BUT 25W Output. 1031KT £109.95

700W power. PCB: 48mm x 65mm. Box provided
6074KT £17.95

@ 3 INPUT MONO MIXER Independent level con-
trol for each Input and separate bassAreble controls.
Input sensitivity: 240mV. 18V DC. PCB: 60mm x
185mm 1052KT £16.95

® NEGATIVE\POSITIVE ION GENERATOR
Standard Cockcroft-Walton multiplier circuit. Mains
voltage expertence required. 3057KT £10.95

@ LED DICE Classic intro to electronics & circuit
analysis. 7 LEO's stmulate dice roll, slow down & land
on a number at random. 555 IC circutt. 3003KT £9.95
@ STAIRWAY TO HEAVEN Tests hand-eye co-ordi-
nation. Press switch when green segment of LEC
Iights to climb the stairway - miss & start again!
Good Intro to several basic circuits. 3005KT £9.95
@® ROULETTE LED ‘Bail' spins round the wheel.
slows down & drops into a slot. 10 LEO's. Good intro
to CMOS decade counters & Op-Amps. 3006KT
£10.95

@ 12V XENON TUBE FLASHER TRANSFORMER
steps up al12V supply to flash a 25mm Xenon tube.
Adjustable flash rate 3163KT £13.95

® LED FLASMHER 1 5 ultra bright red LEO's flash in
7 selectable patterns. 3037MKT £5.95

® LED FLASHER 2 Similar to above but flash in
sequence or randomly. ideal for model railways.
3052MKT £5.95

® INTRODUCTION TO PIC PROGRAMMING.
Learn programming from scratch. Programming
hardware. a P16F84 chip and a two-part, practical,
hands-on tutorial series are provided. 3081KT
£21.95

® SERIAL PIC PROGRAMMER for all 8/18/28/40
pin DIP serial programmed PICs. Shareware soft-
ware supplied fimited to programming 256 bytes
(regsstration costs £14.95). 3096KT £10.95

® ATMEL 89Cx051 PROGRAMMER Simple-lo-
use yet powerful programmer for the Atmel
89C1051, 89C2051 & 89C4051 uC's. Programmer
does NOT require special software other than a
terminal emulator program (built into Windows).
Can be used with ANY computer/operating sys-
tem. 3121KT £24.95

@ 3V/1-5V TO 9V BATTERY CONVERTER Replace
expensive 9V batternes with economic 1.5V batter-
ies. IC based circuit steps up 1 or 2 'AA’ batterles to
give 9V/18mA 3035KT £5.95

® STABILISED POWER SUPPLY 3-30V/2.5A
Ideal for hobbyist & professional laboratory. Very
reliable & versalile design at an extremely reason-
able price. Short circuit protection. Variable OC
voltages (3-30V). Rated output 2.5 Amps. Large
heatsink supplied. You just supply a 24VAC/3A
transformer. PCB 55x112mm. Mains operation.
1007KT £16.95.

® STABILISED POWER SUPPLY 2-30V/5A As kit
1007 above but rated at 5Amp. Requires a
24VAC/5A transformer. 1096KT £27.95.

@ MOTORBIKE ALARM Uses a reliable vibration
sensor {adjustable sensitivity) to detect movement
of the bike to trigger the alarm & switch the output
relay to which a siren, blkes horn, indicators or
other warning device can be attached. Auto-reset.
6-12vDC. PCB 57x64mm. 1011KT £11.95 Box
2011BX £7.00

@ CAR ALARM SYSTEM Protect your car from
theft. Features vibration sensor, courtesy/boot ight
voltage drop sensor and bonnetboot earth switch
sensor. Entry/exit delays. auto-reset and adjustable
alarm duration. 6-12V OC. PCB: 47mm x 55mm
1019KT £11.95 Box 2019BX £8.00

® PIE2Z0 SCREAMER 110dB of ear piercing noise.
Fits in box with 2 x 35mm prezo elements built Into
their own resonant cavity. Use as an alarm siren or
Just for fun! 6-9VOC. 3015KT £10.95

@ COMBINATION LOCK Versatile electronic lock
comprising main circult & separale keypad for
remote opening of lock. Relay supplied. 3029KT
£10.95

® ULTRASONIC MOVEMENT DETECTOR Crystal
locked detector frequency for stabilty & reliabilty. PCB
75x40mm houses ail components. 4-7m range.
Adjustable sensitivity. Qutput will drive external
relay/circuts. 9VDC 3049KT £13.95

® PiR DETECTOR MODULE 3-lead assembled
unit just 25x35mm as used in commercial burglar
alarm systems 3076KT £8.95

® INFRARED SECURITY BEAM When the invisibie
IR beam is broken a relay is tripped that can be used
to sound a bell or alarm. 25 metre range. Mains
rated relays provided. 12VOC operation. 3130KT
£12.95

® SQUARE WAVE OSCILLATOR Generates
square waves at 6 preset frequencres in factors of 10
from 1Hz-100KHz. Visual output indicator. 5-18VOC.
Box provided. 3111KT £8.95

® PC DRIVEN POCKET SAMPLER/DATA LOG-
GER Analogue voitage sampler records voltages
up to 2V or 20V over penods from milli-seconds to
months. Can also be used as a simple digital
scope fo examine audio & other signals up to
about 5KMz. Software & O-shell case provided.
3112KT £18.95

® 20 MMz FUNCTION GENERATOR Square, tri-
angular and sine waveform up to 20MMHz over 3
ranges using ‘coarse’ and ‘fine’ frequency adjust-
ment controls. Adjustable output from 0-2V p-p. A
TTL output is also provided for connection to a
frequency meter. Uses MAX038 IC. Plastic case
with printed front/rear paneis & all components
provided. 7-12VAC. 3101KT £69.95

GAlN
BAS VI

Circuits can be built and unassembied repeatedly.

Comprehensive 68-page manual with explanations, schematics
and assembly diagrams. Suitable for age 10+, Excellent for

schools, Requires 2 x AA batteries.

Order Code EPLO30 ONLY £14.95 (phone for bulk discounts).

130, 300 and 500-In-ONE also available.

30-in-ONE

Electronic Projects Lab

Great introduction to electronics. Ideal for the budding electron-
ics expert! Build a radio, burglar atarm, water detector, morse

code practice circutt, simple computer circuns, and much more!
NO soldering, tools or previous electronics knowledge required.
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Enhanced ‘PICALL ISP PIC Programmer

Kit will program virtually ALL 8 to 40 pin* .

serial and parallel programmed PIC micro-

controllers. Connects to PC parallel port.

Supplied with fully functional pre-

registered PICALL DOS and WINDOWS

AVR software packages, all components

and high quality DSPTH board. Also

programs certain ATMEL AVR, SCENIX

SX and EEPOM 24C devices. New cevices can be added to the
software as they are released. Blank chip auto detect feature for super-
fast bulk programming. Hardware now supports ISP programming.

*A 40 pin wide ZIF socket is required to program 0-3in. devices (Order
Code AZIF40 @ £15.00).

3144KT Enhanced 'PICALL ISP PIC Frogrammer

AS3144 Assembled Enhanced ‘PICALL ISP

PIC Programmer

AS3144ZIF | Assembled Enhanced ‘PICALL ISP PIC

Programmer c/w ZIF socket

ATMEL AVR Programmer

Powerful programmer for Atmel
AT90Sxxxx (AVR) micro controller fam-
ily. All fuse and lock bits are program-
mable. Connects to serial port. Can be
used with ANY computer and operat-
ing system. Two LEDs to indicate pro-
gramming status. Supports 20-pin DIP
AT90S1200 & AT90S2313 and 40-pin
DIP AT90S4414 & AT90S8515 devces. NO special software
required — uses any terminal emulator program (built into
Windows). The programmer is supporied by BASCOM-AVR Basic
Compiler software (see website for details).

3122KT ATMEL AVR Programmes

AS3122 Assembled 3122

Atmel 89Cx051 and 89xxx programmers also available.

PC Data Acquisition & Control Unit

With this kit you can use a PC
parallel port as a real world
interface. Unit can be connectedto a
mixture of analogue and digital
inputs from pressure, temperature,
movement, sound, light intensity,
weight sensors, etc. (not supplied) to
sensing switch and relay states. It
can then process the input data and
use the information to control up to 11 physical devices such as
motors, sirens, other relays, servo motors & two-stepper motors.
FEATURES:
@ 8 Digital Outputs: Open collector, 500mA, 33V max.
@ 16 Digital Inputs: 20V max. Protection 1K in series, 5-1V Zener to
ground.
® 11 Analogue Inputs: 0-5V, 10 bit (5mV/step.)
® 1 Analogue Output: 0-2-5V or 0-10V. 8 bit (20mV/step.)
All components provided including a plastic case (140mm x 110mm x
35mm) with pre-punched and silk screened front/rear panels to give a
professional and attractive finish (see photo) with screen printed front
& rear panels supplied. Software utilities & programming examples
supplied.

o

3093KT FC Data Acquisition & Cor:trol Unit £99.95

AS3093 Assembled 3093 £124.95

See opposite page for ordering
information on these kits

Everyday Practical Electronics, April 2003

ABC Mini ‘Hotchip’ Board

Currently learning about
microcontrcllers? Need to do
something rnore than flash a LED
or sound a buzzer? The ABC Mini
‘Hotchip’ Board is based on Atmel's
AVR 8535 RISC technology and
will interest both the beginner and
expent alike. Beginners wilt find that
they can write and test a simple
program, using the BASIC
programming language, within an
hour or two of connecting it up.
Experts will like the power and flexibility of the ATMEL microcontroller,
as well as the ease with which the little Hot Chip board can be
“designed-in” to a project. The ABC Mini Board ‘Starter Pack' includes
just about everything you need to get up and experimenting right
away. On the hardware side, there's a pre-assembled micro controller
PC board with both parallel and serial cables for connection to your
PC. wWindows software included on CD-ROM features an Assembler,
BASIC compiler and in-system programmer The pre-assembled
boards only are also available separately.

ABCMINISP
ABCMINIB

ABC MINI Starter Pack
ABC MINI Board Only

Advanced 32-bit Schematic Capture
and Simulation Visual Design Studio

+ Visual® ice
M2s 2% 2o posme Do Jon oee wg #1008 KON T4
WBRBHC LT NS ST RO e

‘(tl Advanced Schematic Capture & Simulation Software -“
o [ il Advanced Hierarchal Schematic Capture, Includes Graptucal
Visuat Lirary Browser and Devies Seercher Device Library Editor

» Spice and PCB Netint Generaton Ovee 7000 device models.
e !

ey Model Import WIZard stiows you to Sownioad and mpon modeh.
Dasian | trom device manufacturers vweb page
Sudio
B b med S mm———
K-S }
4

-

* Advanced 32-0it Anslogue Drgtal & Mixed Mode Simutation
* vmual : O < !

shows comptex Vokage Current Phase Magntude etc
° Bult in 84-Channel Real-Time Virtual Oscilloscope
* But i Digital Logic Analiyzer sliowt you 10 sat breskpoints.
° Supports Advanced 8$IMIv1 B5IML. and SOl Models
* 21 Diffsrent analysns types inchudng advanced Monte Cano/WC
VhuaSpice Software Pur: hasing Options
Personal Edition £74.93 Standard Edtion £124.93
Piofessional Eantion £174 95

: See web site for full details and demo_’d

' ’

Serial Port Isolated 1/0 Controller

Kit provides eight relay outputs_

capable of switching 4 amps at mains

voltages and four optically isolated

digital inputs. Can be used in a variety

of control and sensing applications

including load switching, external

switch input sensing, contact closure

and external voltage sensing.

Programmed via a computer serial port, it is compatible with ANY
computer & operating system. After programming, PC can be
disconnected. Serial cable can be up to 35m long, allowing
‘remote’ control. User can easily write batch file programs to
control the kit using simple text commands. NO special software
required - uses any terminal emulator program (built into
Windows). All components provided including a plastic case with
pre-punched and silk screened frontrear panels to give a
professional and attractive finish (see photo).

3108KT
AS3108

Serial Port Isolated I/O Controller Kit
Assembled Serial Port Isolated I/C: Controller
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80-173 12V DC motor, flat style, 3000
RPM, 18 NCM torque, draws 5 Amps,
reversible, 24 toothed gear. Ideal for
robot wars, etc. Dimensions 152mm
diameter x 80mm inciuding spindle and
gear. Very good quality mounted on a
fixing bracket. Sonie sort of speed
counting circuitry on rear. Bargain at
just £19.95

80-175 In-hne RCD protected
powerbreaker. Maximum load 10A @
250V AC. Reset and test buttons. IEC
plug for mains input with an IEC socket
on a 1m long lead. These usually sell for
around £36.00. Our price £5.00

80-083 CR2025 lithium, 3V coin cell
20mm diameter x 2.5mm thick.
Branded Sony. Pack of 25 for £7.50;
Pack of 100 for £25.00. Our normal
price individually is £1.00 each!!!

56-155 KBPC3501 bridge rectifier
100V, 35Amp. £2.50 each

80-176 12V, 50Ah, gel type lead acid
battery. Made by Dynasty High Rate
Series, 200 WPC. Model No UPS12-
200. 230 x 140 x 225mm. Brand new
Please note that there is no extra
carriage charye when purchasing this
item. Only £25.00

e

80-132 Switch mode PSU. Nice little
unit. Model No. BM43024. Input 120V
AC or 240V AC. Qutput +5V @ 2.5A and
+12V @ 2A, 36.5W. Semi-cased with
mains |EC filter and switch. £3.95

\(7.' '*): )( ))

38-428 USB lead, 2m long, A plug to
"A plug. £2.95
38-429 USB lead, 2m long, ‘A plug to
‘B’ plug. £2.95
38-430 USB lead, 2m long, ‘B’ plug to
‘B’ plug. £2.95

80-135 Flat pack fan, 12V DC. Made by
Papst. Air fiows around the blades and
out the side to produce a strong air
flow. Excellent for cooling down in
crowded enclosures. 121 x 121 x
37mm. Ex-equipment but in full
working order and excellent condition
These are normally over £25.00 new.
Our price just £5.50

42-337 Plastic construction metric dial
vernier. Reads 0-100mm Qutside,
inside, depth and step measurements

Has a locking device and comes
supplied in a neat case. £7.95

48-140 PVC electrical tape, 19mm wide
x 0.15mm thick x 33 metres long. Flame
retardant, BS3924. 75p

48-259 Ferrite rod with 1 x tuning coil.
140mm long x 10mm diameter. £1.75

SEND FOR OUR FREE CATALOGUE CONTAINING EVEN MORE BARGAIN ITEMS!

80-046 Electronic digital caliper for both
imperial (0-6 inches) and metnc (0-
150mm). Accuracy +/-0.001". Simple
touch button facility to change from
metric to imperial (and vice versa),
On/off and zero button, inside and
outside measuring plus locking screw to
hold measurement. Uses a standard
watch battery (included). Metal
construction. Supplied in a neat plastic
storage case. Special price of £34.95

56-149 Fork and ring crimp connectors
pack. Consists of 5 x 5Smm blue fork, 5 x
5mm yellow fork, 5 x 5Smm red fork, 5 x
5mm blue ring, 5 x 5mm yellow ring
and 5 x 5mm red ring. Pack of 30 £1.00

SUPPLIES
~—_—

WCN Supp

lies
Dept EE - The Old Grain Store
Rear Of 62 Rumbridge Street
Totton - Southampton - S040 9DS
Telephone or Fax On
Southampton 023 8066 0700
Email: info@wensupplies.fsnet.co.uk

ALL PRICES INCLUDE VAT
ADD £2.25 FORP & P

SPECIAL OFFERS

TEKTRONIX 2445A

4.ch 150MHz delay,,

cursors etc. Supplied
with 2 Tektronix probes.

ONLY

i
o Ve
=aan® 8.8.9

[ TEKTRONIX 2232 Dngﬂal Storage Scope.

Dual Trace, 100MHz, 100M/S with probes . . . .£525

H.P. 54501A Dig. Osciloscope, 100MHz 4-Ch .. €425

H.P. 3312A Function Gen.. 0-1Hz-13MHz, 0
Qo e

| £180
£150

Twice QMD, i.c.d. Displ
CIRRUS CRL254 Sound Level Meter
with Calibrator 80-120dB. LEQ .
FARNELL AMM255 Automabc Mo
Meter, 1.5MHz-2GHz, unused £300
FARNELL DSG1 Low Frequency Syn Slg Gen.,

0-001Hz-99-99kHz, low distortion,
TTL/Square/Pulse Ompms etc. £95
FLUKE 8060A Handheld True RMS, DMM,

BECD?MAN HD110 Handheld 3% mgn DOMM, 28
ranges, with battery, leads and carrying case £40

H.P. 3310A Funcnon Gen.,
Sine/Sg/TrVR

FARNELL LFm SlnelSq Oscillator, 10Hz-1MHz,
low distortion, TTL output, Amplitude Meter .£125
H.P. 545A Logic Probe with 546A Logic
Pulser and 547A Current Tracer . .. .. £90
FLUKE 77 Mumme\er 3va-chgit, handheld . . .€60
FLUKE 77 Series 11 .. .............. L7
HEME 1000 L.CD. Clamp Meter, 00-1000A,

in carrying case . . .£60

0-005Hz- 5MH1
£125

BLACK STAR ORION PAUTV Colour Pattern
Generator . ................. rom £75-£125
THURLBY/THANDER TG210 Function Generator,
0-002Hz-2MHz, TTL etc .£80-£95
THURLBY THANDAR P.S.U. PL320QMD, OV-32V.,
0A-2A Twice (late colours) £200

MARCONI 2019A

AM/FM SYNTHESISED SIGNAL
GENERATOR
80 kHz - 1040MHz

NOW ONLY

MARCONI 833C AF Power Meter, Sinad Measurement
.Unused £100, Used £60

MARCONI 8938, No Sinad £30
MARCONI 2610 True RMS Voltmeter, Automnw\g
5Hz-256MHz £195
GOULO J38B Sine/Sq Osc., 10Hz- 100kHz,

low dislortion . £75-£125
AVO 8 Mk. 6 in Evevy Ready case, with leads etc. . .£80
Other AVOsfrom .. ... ..... ......... £50

GOODWILL GVT427 Dual Ch AC Milivoltmeter,
10mV-300V in 12 ranges, Freq. 10Hz-1MHz . 2100'2125

SOLARTRON 7150 DMM 6Y:-cigit

Tru RMS-IEEE . £95€150
SOLARTRON 7150 Plus .£200

HIGH QUALITY RACAL COUNTERS

9904 Universal Timer Counter, 50MHz .£50
9916 Counter, 10Hz-520MHz .. . ... £75
9918 Counter, 10Hz-560MHz, 9-digit . £50
WAYNE KERR B424 Component Bridge £125
RACAL/AIM 9343M LCR Databridge.

Digital Automeasurementof R, C,L, Q, D . . .£200
HUNTRON TRACKER Model 1000 . £125
FLUKE 8050A 45 Digit. 2A. True RMS £75
FLUKE B010A 3-5Digit. 10A .. ....... £50

FLUKE B012A3-5DiQIL.2A .. .. ........... £40

Racal 9008 ONLY
A Meter,

Datron 1061

High Quality 55 Digit Bench

Multimeter

True RMS/4 wire Res/Current Converter/IEEE

AM/FM 1.5MHz-2GHz

Portable Appliance Tester@
Megger Pat 2 ONLY

Datron 1061A £225

Mutimeter
True RMS/4 wire/Current Converter

Racal Receiver RA1772
50kHz-30MHz
L.E.D. Display. Basicalty working

High Quality 6% digit Bench

H.P. 60128 DC PSU 0-60V, 0-50A, 1000W .£1000
FARNELL AP60/50 1KW Autoranging -.£1000
FARNELL H60/50 0-60V 0-50A £750

FARNELL H60/25 0-60V, 0-25A .£400
Power Supply HPS3010, 0-30V, 0-10A .£140
FARNELL L30-2 0-30V, 0-2A 5 . .£80
FARNELL L30-1 0-30V, 0-1A .. .. ... £60

Many other Power Supplies avallable

STEWART of READING

7T 110 WYKEHAM ROAD, READING,
Telephone: (0118) 9268041 Fax: (0118) 9351606 VISA

BERKS. RG6 1PL ™ ene

FARNELL DTV12-14 OSCILLOSCOPE.
Dual trace, 12MHz TV, coupling .ONLY

FARNELL LF1 SINE/SQ OSCILLATOR,
10Hz-1MHz. ONLY

S

OSCULLOSCOPES
TEKTRONIX TDS350 dual trace, 200MHz, 1G/S . Unused £1500

TEKTHONIX TDS320 dual trace, 100MHz, SO0MS .. £1200
TEKTHONIX TDS310 dual trace, SOMHz, 200WS ... ... . £950
LECAQY 9400A dual trace, 175MH2, 56/'S ... .. £750

HITACHI VC8523, dirace, 20MHz, 20M/S, deiay eic. Unused £500
PHILIPS PMI30S2 2+2-ch., 200MHz, delay etc., £800 as new £950
PHILIPS PM3082 2+2-ch., 100MHz, delay etc., £700 as new £800
TEKTRONIX TAS465 dual trace, 100MHz, delay etc. £750

TEKTRONIX 24658 4-ch., 400MH2, delay cursors efc £1500
TEKTRONIX 2465 4-ch., J00MHyz, delay cursors etc. . £900
TEKTRONIX 468 Dig Storage. dual trace, 100MHz, delay  £450
TEKTROMIX 468 Analogue Storage, dual trace, 100MHz . . £250
TEKTRONIX 485 dual trace, 350MHz, delay sweep £550
TEKTRONIX 475 dual trace. 200MHz, delay sweep £350
TEKTRONIX 4658 duai trace, 100MH2, delay sweep £325
TEKTRONIX 2215 dual trace, 60MHz, delay sweep . £250
PHIUPS PM3217 dual trace, S0MHz delay . ....... £200-£250
GOULD 0S1100 dual trace, J0MHz detay £128
HAMEG HM303.6 duz! trace, 35MHz component tester

asnew .. £240
HAMEG HM303 dual trace, 30MHz component lesier £200
Many other Oscilioscopes avallable
MARCONI 2022E Synth AWM Sig Gen

10kHZ-1-01GHz I.c.d. desplay etc . . £525-£750
H.P. 8657A Syrth g gen, 100KkHz-1040MHz £2000
H.P. 86568 Syrth sig gen, 100kHZ-990MHz £1350
H.P. 8656A Synth sig gen, 100kH2-990MHz £995
AAS APNG2 Syrth, 1Hz-260kHz 59 gen .
balanced/unbalanced output, |.c.d. display £425
PHIUPS PMS328 sig gen. 100kHz: 180MHz with

200MHz, freq. counter, IEEE ...... £550
RACAL 9081 Synth AWFM 19 g en, sm:mem £250
H.P. 3325A Synth funcoon gen, 21MHz . . £600
MARCONI 6500 Ampitude Analyser ... . ..... £1500
H.P. 4192A Impedance Analyser ..... .......... .. £5000
H.P. 4275A LCR Meter, 10kHz-10MHz .. ... 2750
H.P. 8903A Drstoron £1000
WAYNE KERR 3245 Inductance Analyser £2000
H.P. 81124 Puise Generator, 50MHz £1250
MARCON! 2440 Fraquency Counter, 20GHz £1000
H.P. 53508 Frequency Counter. 20GHz £2000
H.P. 53424 10Hz-18GH2 quena/ Counter £800
H.P. 16508 Logc Analyser, B0-channel £1000
MARCON! 2035 Mod Meter, 500kH2-2GHz L7580

RADIO COMMUNICATIONS TEST SETS

2955729954 JFrom £1500
ROHDE & SCHWARZ CMT 0-1-10008Hz . ... . £2000
SCHLUMBERGER 4040 ... £900

JUST IN

umaocwww 3240VI0-10A, 250W POA
H.P.66312A PSU, 0-20VI0-2A .. ......... .... . £400
H.P.66311B PSU, 0-15V/0-3A . .. ... . £400
H.P. 863090 PSU Dual, 0-15, 0-3A0-12, 750
H.P. 66328 PSU, 0-20V/0-54 . . £500
H.P.6623A PSU, tngle output rangug from 0.7V 0-5A o
s R S R A AARCanaanaaaR .
H.PJAGILENT 34401A DMM 6% oigrt . £400/£450
H.P. 34784 DNM 5% digt, . Q215
FLUKE 45 DMM cual display . £400
KEITHLEY 2010 DMM 7% digt £950
KEmiLEV 617 Programmable Electrometer. .£1250
P. 43388 Miohmmeter .£1500
RACM.C«MW!”S MGHI . £500
H.P. Counter type S3131A 3GHz . £850
H.PJAGILENT 33120A Func. GervARB. 100k Hz- 15MH
.............. 1000
SONVITEKTHONIXAFGMAMMyFmGM £1250
Syn Funchon Gen, DC-600KkHz £1000/£1250
BLACK STAR JUPITOR 2010 Func. Gen, 0-2Hz-2MHz with
frequency counter . . ... £1460
H.P. 8116A Puise Generalor, 1mH- S(NHI .21950
H.P. 86578 Syn Sig. Gen, 0-1-2080MHz £2500
CO-AXIAL SWITCH, 1-5GH2 £40
IEEE CABLES £10
SPECTRUM ANALYSERS
H.P. 85618 50Hz-6-5GHz £5000
H.P. 8560A 50H2-2.9GHz synthesised £5000
H.P. 8594E 9kHz-2.9GHz . 90 00 o £4500
H.P. 8591E 1MHz-1-8GH2, 750«\ 3 £2750
H.P. 853A with 85594 100kHz-21GH2 ... .. £1750
H.P. 85588 with Main Frame, 100kHz-1500MHz . £750
H.P. 3585A 20Hz-40MHz . £2500
H.P. 3580A 5H2-50kHz .. £600
ADVANTEST R4131B 10kHz-3-5GHz 2750
EATONARTECH 757 0-001-22GHz . £750
MARCOM 2382 100Hz-400MHz, twgh resolution . £2000
MARCONI 2370 30Hz-110MHz from £500
H.P. 182 wrth 8557 10kHz-350MHz £500
H.P.141T SYSTEMS
8553 1kH2 110MHz ... . £500
8554 500kHz-1250MHz . . . 750
8555 10MHz-18GHz £1000
H.P. 8443 TrAdmgGaVCO\m MOMHz £250
H.P. 8444 OPT 059 . . £T50
B&K 2033R £650
H.P. 8754A Network Analyser, NHUJ)OMHI . £1250
H.P. 3557A Network Analyser, 5H2-200MHz . £3000
H.P. §3310A Mod Domain Analyser Opt 001/003 £5000
ONO SOKKI CF300 Portable FFT Analyser £1500
H.P. 8720C Microwave Network Analyser, S0MHz-20GHz £12,500

Used Equipment — GUARANTEED. Manuals supp

lied

This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for lists.

d www.stewart-of-reading.co.uk Please check availability before ordering.
Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement) CARRIAGE all units £16. VAT to be added to Total of Goods and Carriage
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ENERGY SAVIN
PRICE.

By Phone: Using your credit card or switch card number Our ines are
pen Sam - £ 30pm Monazy to Fnday and from 10am - 1pm on undays

By Fax: Fax your wrier tirough on 01273 82130 vath full payme-t details

By Post: You may post an order fo the addres:. below We advisz you not
to send cash in th= oost fyou do plezse send It by registered mail

www.ultimalamps.com

paymert by Access Mastercard Visa, Deta Card and Switch Please note
that we will 3dd a 2% surcharge for processing sreait card orders

Post and Packing: We chzrge just £3 9 post and dacking per order
regardizss Gf how bg the orer 15

Please make crequas payatle to Uitima Networks PLC

L _J
H i
o
Sensor activated Spiral Lamp Reflector
i Bayonet Fitting i Bayonet Fitting
tremy Bight  Price [ Six FROM Energy Bnght Fmoe | Si —
used wess Eact | Pack Each £6 s ess  Eat | Pack Eah
Sw o 1250 £1193( £3597 £6.00 %w o Hiw 3% | £8F 500 4 ®:
mi—oa o Gw E1% |39 200 -
\
5] o ]
[ 1
Large Globe Traditional Shape U
Bayponet fnttmg Bayonet meg . . Bay:ngt :Itt ng
Enegy  Bnght  Pnce | Si < nergy  Bnght (o] X FROM
us«d  ness  Each | Pack Each E:;rgy Bnre;gsh E;C:h Psal:k [y From used  ness Each ! Pack Each 4
24w 20~ £899 |;£27ﬁ97 450 1w 85w 0609 | £037 ©IKC 3 24w 120w £799 . £2397 £4.00
W 45w 59 ‘£1797 73300
|
[ ] 20w ¥ . 1w ﬁ
l 25w U Bw
N Candle Shape
Bavehiot B ;-::Jrew Fittings Full Spiral Bayonet & Screw Fittings
i 4 =5 9 Standard Bayonet Fitting Energy Bnght  Prce | Si
Erergy Bnglt  Prce | Sk - used  -ness Each | Pack Each
ued  -ness Each | Pack Each [geied Erergy Bugnt  Fre | S« WB 45w £599 | £1797 £3.00 [igead
1B 75w £4.39 | £1497 £250 £2 - wed  neis  Eah | Pack  Cach owSB 45w  £699 | £2097 £350
15 5w £5%9 | E1797 £3.0¢ Swo 125 799 | 22307 A4 S 45w €699 | €097 £350
3 - Ow 100w £739 | £2397 £4.09 q
0ar? Bayons: Filng Stannard Ser: | WSS 45 9 | £2097
e B Sw o Tsn €199 £2597 O S K% ) AL
e Sw 079 |2397 2409 (RSt s W by o
HOW TO OROEF: Ultima Lamps, Akhler House, Perry Road. Harlow.
On the Web. Visit www pftimalamps com Payment Mathod: rou may pay by chique or pestal order e also accept Essex, CN18 7PN

Tel: 01279 821222 Fax: 01279 821300
Email: sales@uitimalamps.com
All Prices Include VAT
(Uthma Lam ps is a division of Ultima Networks PLC)
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GENT

ELECTRONICS

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

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

EE248 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

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 |.C. control of all
timing functions and advanced pulse
separation techniques.
@ High stability

drift cancelling
® Easy to build

& use
@ No ground

effect, works

in seawater

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

e Efficient quartz controlled

microcontroller pulse generation.
o Full kit with headphones & all

hardware
KIT847 .........£63.95
68000 rramnc kit

® NEW PCB DESIGN

® 8MHz 68000 16-BIT BUS

® MANUAL AND SOFTWARE

® 2 SERIAL PORTS

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

KIT 621
, £99.95

* ON BOARD
5V REGULATOR

o PSU £6.99
* SERIAL LEAD £3.99

Stepping Motors 4\‘
MD100..5td 100 step..£9.99 (% ¢

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 ....... £22.95 POWER UNIT......£3.99

MICRO PEsT
SCARER

Our latest design — The ultimate
scarer for the garden. Uses
special microchip to give random
delay and pulse time. Easy to
build reliable circuit. Keeps pets/
pests away from newly sown areas,
play areas, etc. uses power source
from 9 to 24 volts.

e RANDOM PULSES

e HIGH POWER

e DUAL OPTION

PIC WATERN
DESCALER

Plug-in power supply £4.99

KIT867.....ccivvviiiiinniniinnnnn.. £19.99
KIT+SLAVEUNIT.................... £32.50
WINDICATOR

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

KIT856................ oL SR TS ..£28.00

% TENS UNIT %

DUAL OUTPUT TENS UNIT setof
As featured in March '97 issue. -
Magenta have prepared a FULL KIT for this. el?;{gges

excellent new project. All components, PC8,
hardware and electrodes are included.
Designed for simple assembly and testing and
providing high level dual output drive.

KIT 866. . Fun kit including four electrodes £32.90

1000V & 500V INSULATION
TESTER

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

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

KIT 848..... 000000C £32.95

EPE
TEACH-IN
2000

Full set of to :
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 -

quality NEW

KIT 879 £44.95
muLTiMETER £14.45
SPACEWRITER “‘3%‘

An innovative and exciting project. 1blx—

Wave the wand through the air and %“a

your message appears. Programmable ¢ %

to hold any message up to 16 digits long. 'ﬁ{
Comes pre-loaded with "MERRY XMAS”. Kit %54
includes PCB, all components & tube plus 3

instructions tor 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.

KIT 790 ...

SUPER BAT
DETECTOR

1 WATT O/P, BUILT IN
SPEAKER, COMPACT CASE
20kHz-140kHz

The latest sensitive
transducer, and ‘double
balanced mixer give a
stable, high perfor-
mance superheterodyne design.

KIT861...........£24.99
ALSO AVAILABLE Built & Tested. . .£39.99

NEW DESIGN WITH 40kHz MIC.

A new circuit using a

‘full-bridge’ audio

amplifier i.c., internal (

speaker, and \

headphone/tape socket. \# .
-

MOSFET MkIl VARIABLE BENCH
POWER SUPPLY 0-25V 2.5A

Based on our Mk1 design and
preserving all the features, but
now wi switching pre-
regulator for much higher effi-
ciency. Panel meters indicate
Volts and Amps. Fula/ variable
down to zero. Toroidal mains
transformer,  Kit includes
punched and ?ennted case and
all parts. As featured in April
1994 EPE. An essential piece
of equipment.

240

ULTRASON.C PEST SCARER

SIMPLE PIC
Keep pets/pests away from newly
sown areas, frut, vegetable and m PROGRAMMER
flower beds, children's play areas, L
patios etc. This project produces 8 KIT 857... £12.99
in(ensq pylses pf ultrasound which .3
deter visiting animals. BEaT N Includes PIC16F84 chip
PP | daiood sk,
o EFFICIENT 100V ~ e UP TO 4 METRES all components and
TRANSDUCER OUTPUT RANGE instructions

. QI_OMPLETELY INAUDIBLE e LOW CURRENT Extra 16F84 chips £3.84

O HUMANS DRAIN Power Supply £3.99

KitNo.845 ........ £64.95 | KIT812.........0...... HIeTe STOTST® GTTTREAYS & £15.00
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EPE PIC TOOLKIT 3

MAGENTA BRAINIBOT | & I

e Full kit with ALL hardware m o MAGENTA DESIGNED P.C.B. WITH COMPONENT LAYOUT AND EXTRAS
o A foatured in EPE Feb ‘03 - e L.C.D., BREADBOARD AND PIC CHIP INCLUDED
s featured i e e ALL TOP QUALITY COMPONENTS AND SOFTWARE SUPPLIED

KIT 910
- KIT 880 .. . £34.99 with 16F84 . .. £39.99 with 16F877

e Seeks light, beeps, avoids
obstacies

e Spins and reverses when
‘cornered’

e Uses 8-pin PIC

e ALSOKIT 911 - As 910
PLUS programmable fram PC
serial port — leads and soft- ~ny
ware CD provided : "\

KIT 910 £16.99 KIT 911 £24.99

PIC TOOLKIT V2

SUPER UPGRADE FROM V1 e 18, 28 AND 40-PIN CHIPS
READ, WRITE, ASSEMBLE & DISASSEMBLE PICS
SIMPLE POWER SUPPLY OPTIONS 5V-20V

ALL SWITCHING UNDER SOFTWARE CONTROL
MAGENTA DESIGNED PCB HAS TERMINAL PINS AND
OSCILLATOR CONNECTIONS FOR ALL CHIPS

o INCLUDES SOFTWARE AND PIC CHIP
R U L RO R L S | T 878 ... £22.99 with 16F84 . . . £29.99 with 16F877

CONTROLLER & LIGHT CHASER

e ZERC VOLT SWITCHING e HARD-FIRED TRIACS

e OPTO ISOLATED 5 Amp e WITH SOURCE CODE

e 12 KEYPAD CONTROL e SPEED & DIMMING POT. u or a

e EASILY PROGRAMMED

Kit 855 £39.95 At Tastl A Real, Practical, Hands-On Series

P'C 16F84 LCD DISPL Y DRIVER e Learn Programming from scratch using PIC16F84
o Start by lighting l.e.d.s and do 30 tutorial
. ound Generation, Data Display, and a ri

INCLUDES 1-PIC16F84 WITH DEMO Kit 860 §1§ 22

PROGRAM SOFTWARE DISK, PCB, = System.

INSTRUCTIONS AND 16-CHARAC- Power Supply £3.99 e PIC TUTOR Board with Switches, l.e.d.s, and on

TER 2-LINE

FUL_ PROGRAM SOURCE CODE board programmer
LCD DISPLAY SUPPLIED — DEVELOF
YOUR OWN APPLICATION!

Another super PIC project from Magenta. Supplied with PCB, indusiry standard 2-LINE x E Cllge-srlgl-g 8{-‘? 4 %hlo ATEPDQKallT PCB inted with
16-character display, data, all components, and saftware to include in your own programs. : P, u Ity . printed wi
loeal development base for meters, terminals, calculatars, counters, timers — Just waiting Component Layout and all components* (*not ZIF Socket or
for your appiicationt 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

~ 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
Logger or as a test bed for many other 16F877 projects. Kit '
includes programmed chp, 8 EEPROMs, PCB, case and all components.

KIT 877 £49.95 inc. 8 x 256K EEPROMS
SUPER PIC PROGRAMMER
I C E B R E A K E R o READS, PROGRAMS, AND VERIFIES
| o PICIaC AND 36F 6%, 7X, AND 8X
oOo0oOoCcooooo e USES ANY PC PARALLEL PORT
» USES STANDARD MICROCHIP e HEX FILES
e OPTIONAL DISASSEMBLER SOFTWARE (EXTRA)

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

o SEND FOR DETAILED | Kit 862 £29.99
INFORMATION — A
SUPERB PRODUCT AT Power Supply £3.99
AN UNBEATABLE LOW | pISASSEMBLER

PRICE. SOFTWARE £11.75

PIC STEPPING MOTOR DRIVER
PIC Real Time pgipesacs. | Kit 863 £18.99

DEMO PROGRAM

. . SOFTWARE DISC. FULL SOURCE CODE SUPPLIED

I -C Em I S ONS ALSO USE FOR DRIVING OTHER
n l rc u lt u ator M ?A%CTERN POWER DEVICES e.g. SOLENOIDS

@ Icebreaker uses PIC16F877 in circuit desugger

e

® Links to Standard PC Serial Port (lead supplied) Another Magenta PIC project. Drives any 4-phase unipolar motor — up to

A T .
@}\Windows (95+) Soltwatelincluce 24V and 1A. Kit includes all componentsy and 48 step motor. Chip is
© Works with MPASM and M>LAB Microchip software o pre-programmed with demo software, then write your own, and re-program
® 16 x 2 L.C.D., Breadboard, Relay, /O devices and patch leads supplied the same chip! Circuit accepts inputs from switches etc and drives motor in
As featured in March ‘00 EPE. Ideal for beginners AN advanced users. response. Also runs standard demo sequence from memory.

Programs can be written, assembled, downloaded into the microcontro.ler and run at full
speed (up to 20MH2), or one step at a time.

Fult emulation means that all /O ports respond exactly and immediately, reading and
driving external hardware.

Features include: Reset; Halt on external pulse; Set Breakpoint; Examine and Change
registers, EEPROM and program memory; Load program, Single Step with disolay of
Status, W register, Program counter, and user selected 'Watch Window' registers.

' KIT 900 . .. £34.99

POWER SUPPLY £3.99  STEPPING MOTOR 100 STEP £9.99 All prices include VAT. Add £3.00 p&p. Next day £6.99
Tel: 01283 565435 Fax: 01283 546932 E-mail: sales@magenta2000.co.uk
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64D 175x42mmQ  £3.08
Many other sizes ovoiloble,
ol:o jump wires & motrix boord.

paaccs : s PCB Production - Processing Equipment
") p— " 5 2
e | - We corry o large ron?e of the photographic & chemicai
] = rocessing equipmenl for PC8 production, o full list with
a E :E ull technicol sbpe_t'nhcoﬁons is ovoiloble in our cotologue
or vist our web site
w® | UV Exposure unlts
2 x 8W Tubes, 6 min timer
NIC COMPONENTS Eg 229 x 159umm working areo
B o Model 332-002 _ ~ "£88.78
EQ |35, Hommsioking orce
X mm w i
3 =W | Model 332-004 194.51
Station Road, Cullercoats, _VISA iu f omic’a IPr'o:'ouin%] 5
- - O stic tro: o
ryne & Wear, NE3O 4PQ 2 Prcx:?ss'gngs ;eotuZe electricolly
Prices Exclude Vot @17:%. ] |2 o harmosial comrol. suoble
UK Carriage £1.50 (less than 1kg) ° for boords upto 320 x 260mm.
£3.50 greater than kg :5 AT T
Che?;esﬂ/ Postal o(r:ders payable ta 05 ?_"é’b'if"h Tank with heoter
R troni fs. ubble pump.
PLEASE Aweéiﬁﬂlfa &’r"?o?ﬂ%’éms 8 Model 335—005) £198.50  Any of mese sams, corrioge €550
PCB Production - Development PCB Production - Tools
0.1 Copper Stripboard Drill Bits )
Size Trocks/Holes HSS porallel shonk bits ovoiloble in sizes from 0.3mm to
25 x 64mm 9T/25H €024 .Omm .
SS i mm  Ze1/30n &l ‘ 8.2 0o 0 orn e £030ca £3.00/10
x m : .0-2.0mm in 0.1mm steps .40eo £3.
95 = 432mm 36T /170H £€4.39 I f HSS Reduced shonk (2.§5mm) bit ovoiloble in sizes from
100 x 100mm 39T/3BH £1.40 { 0.6mm to 1.7mm in 0.1mm steps £0.34e0 £7.60/10
1C0 x 160mm 39T/ 63H £1.8C $ E Re?rgund Tn?sten corbide reduced shonk '3.Zmm) ovoil-
_|(]}8 x gggmm 22;; };gn Eggg i %l:'l ll'n suhe‘s rﬁin 0.6 10 1.6mm in 0.1mm steps. £1.90
x . ng Machines
;hiﬂ:o rcT'T%ck culter £1.99 Expo reliont 12V drill, 3.8mm copocity, 84COrpm £12.78
olderless Breadboar -
;i;bPoBir]ﬂs %OSize ;oweir:?R%ls —— IBV(\)i&i)cr%f{ 6\86(] ?30‘{“‘
mm . - rpm wte
40 175x67mm2 €488 chuck & collel
74D 175x55mm 1 £4.03 WF Model EPE270-390

Normal price £48.51 ‘
** SPECIAL OFFER PRICE £31.02°*"

PCB Production - Laminates

Copper clad - paper

ingle sided low cost poBer composite boord
00 = 160mm Boord = £0.44

00 » 220mm Boord  £0.62

460 x 233mm Board  £1.02
220 x 233mm Board  £1.40
8" x 12" Boor %1.70
Copper clad - glass fibre

ingle & Double 1.6mm 305g/m’
00 x 160mm Single  £0.8
00 x 220mm Single £1.18
60 x 233mm Single
20 x 233mm Single
“ x 127 Single £3.44
00 x 160mm Double £
00 x 220mm Double
60 x 233mm Double £
220 x 233mm Double £2.90
g" x 127 Dciuble £3.22
hotoresist Coated
1.6mm 35 micron Pre-cooted with o high quolity photore-
sist loyer Avoiloble in low cost poper composite or
Gloss fibre, Single & Double sided. Other sizes olso

®N

PCB Production - Dra“ing Materials

A4 Artwork Film (per 10 sheets)

Cleor Monuo' Film £1.25

Cleor Laser Film £1.75

White HQ Loser Film £4.62
itch Resist Pens

lo” Pen

“S':i:adiler" Fine Pen
Etch Resist Tronsfers

Seno mixed DIL pods  £2.24 e

Seno mixed Rnd pods £2.24  Ysseerens
Alfoc mixed pods 1.84 "
Alfoc mixed lines €1.84 gonnunnnn
Tronster Spotular £1.25

We corry the full ronge of Seno & Alfac PCB transfars,
see our cotologue for full detoils.

Servisol Products

A&)ro[lol- h Cl 1.96

200m!  Switch Cleoner €1,

200m!  Freezer £397 [

400m| Foom Cleonser £2.13 ==

400m! Cleoner / lubricont £2.79 B .

75ml  Vide Head Cleoner  £194 &

200ml  Aero Kiene £2.85 .7

200m| Aero Duster £4.66 — o
250ml  Cold Cleon £3.14 ¥
200ml Lobel remover £3.52 b
400m|  Isopropyt alcohol £3.36 et
Tubes .

25g Heotsink Compound £2.60

50g Silicone greose £2.50 “

ovoiloble.

Poper Gloss Fibre
Size Single Double ungle Double
4% 6" £1:27 £1.82 1.89 £2.17
6x 12" £4.20 £5.04 £5.60 £6.23
9x12° £6.30 £7.70 £8.40 £9.38
10x12" £8.1 £10.01 £10.78 £11.83
12x12" £8.26 £10.08 £10.99 £12.25
100 x 160mm £2.38 £2.66
203 x 114 £3.01 £3.43
220 x 100mm £3.08 £3.71
233 x 160mm £4.83 £5.32
233 x 220mm £6.83 £7.70
PCB Production - Chemicals
100ml  Aerosol Photoresist spray, covers 2m’ £4.25
50 Powder developer, mokes | £1.09
5089 Powder developer, mokes 10It £7.08
250g  Ferric Chloride Pellets, mokes 500ml £1.68
5009 Ferric Chloride Pellets, mokes 1|t £3.04
2.5kg  Ferric Chloride Pellets, mokes 5It £9.84
1.1kg  Cleor Fine efch crystols, mokes 5t £17.58
90 Tin Ploting Powder, mokes 11t £11.58
208m| Aerosol F?ux sproy £3.41
110ml  Aerosol PCB Laguer sproy €3.63

Magnitylng Desk Lamp

A high quoliw scrafch resistant
mognifying q ass fitted to a bol-
anced swivel arm and desk
mount. An integrol floyrescent
tube provides illuminotion,
Mognificohion: 3x Lens: 120mm@
Tube: 22W Doylight simulotion.

Model: 028-205 £28.80

Soldering Irons

We corry in stock o wide ronge of soldennevuon and
soldering occessories. lrons from 12 to 100 Wotts.
15W 240V Low cost  £2.80

20W 240V Basic

25W 240V Ceromic

30W 240V Bosic ’
Desolder Pumps

Bosic 165 x 18mm@  £2.85

£3.74
£14.05
£4.68

Antistatic 195 £3.92 -
Antox Mini 198mm €807 L
Antex Pro 210mm £10.26

NEW CATALOGUE
OUT NOW

available from www.esr.co.uk

Soldering Station
A 30W adjustable temperoture solder-
ing station with o rotary diol, on-off
swi'ch, iron holder and tip cleanin
spange. This station features a quic
star ircuitfor ropid heoting, od-
justable temperature ronge
o 250 - 450°C, Silicone co-

le ond silicone covered ~
hondle.
Supoly: 240V, lron: 240V 30W

Model 167-510 £32.18

~¢

Soldering Station

A 48W od|ustable lemperature
soldering stotion with a rotary di-
al, LED Temperature metering, on-
off wwitch, iron holder and tip clean-
ing sponge. This station features ac-
curate heat se'\smg for instant
compensation & stoble tempera-
tures. Adjustoble temperoture
range of 150 - 420 C, Low volt-
age iron with Silicone coble.
Supply: 240V, lron: 24V 48W

Model 167-540 £44.50

Educational Kits

These kits are on ideol woy 1o start you interset in elec-
Ironics. They freature re-useoble componen's which ore
oftached vio springs & wires and easy step_hy ste

vides to make a rangfe of exciting projects The 300-in-1
or more complex circuits.

eaturs o breadboard

30-in-1 £12.80
50-in-1 £16:80
130-in-1 £32.00
300-in-1 £55.20 —

Tools - Cutters & Strippers

We carry a wide ronge of specialist tools for the elec-
1rfmcs industry including:

Side Cutters

130mm Low cost £1.99
115mm Droper £2.38
115mm Box Jointed  £4.24
145mm Long reoch  £3.40

Wire Strippérs
Omm Low cost

£2.30
150mm Droper 5mm@ £5.86

Tools - Ratchet Crimping Pliers

High quality rafchet crimping pliers for vorious terminol
including Automotive, Dota, Power and Data connections
Red / Blue / Yellow '£15.80

BNC /TNC RF series £15.68

RJ11/12 Doto Series £1B.97

RJ45 Dota Series 21.20

RI11/12 & 45 Series £13.00 ”
CK® Yools Crimp Pliers i
Green/Red/Blue £24.38
Red/Blue/Yellow £21.42

0.24-2.5mm’ crimps £24.35

0.5-6.0mm’ crimps 24.3

Non insulated crimps £24.38

Panel Meters

High quality onalogue panel meters, class 2, zero point
correction, mirror scale and prewired for panel illumino-
tion. Meter size 46 x 60mm, 8u'ou! size: 38mmQ&.

Ronge  Int Q

Tools - Insulation Displa ] ctors (IDCY
Two tools suitable for use with IDC ribbon cable connec}
tors and Krone® sytle dato connecto!

IDC Ribbon Cable  £11.80
Krone Punch down  £10.32

$C
rs.
-’
= " g

Cable - Ribbon
7/0.127mm Grey ribbon coble on 0 0.05" 1.27mm fzi'ch

with a red identifying stripe. Supplied by 305mm (1) or
o 1ot 50 A 03 erpe- Suplied by =
Size per 305mm per Reel
0 Way £0.10 £5.36
14 Way £0.14 £7.50
16 Way £€0.16 £8.58
20 Way £0.20 £10.72
26 Way £0.26 £13.94
34 Way £0.34 £18.22
40 Woy £0.40 £21.44
50 Way £0.50 £26.80
60 Way £0.64 £33

A minigture CMOS camera module

with o 3.6mm F2 Lens, video output &

gower vig c8nneclors provided.
pecs (660-800)

Power. 12Vdc 50mA

Video Saysvem: CCIR

Pixels: 352 x 2BB

Min {ilumination: 0.5Lux

Viceo Quiput: 1 Vpp, 75

750
Dims: 35x 35x 28mm 20g  £17.93

0-30uA k5 All meters £5.89 eoch
Seldering Station 0-108,a Tk0 6V Lomps €1.23 /pair
A 48W o 'us_'oble temperature 0-500uA 4300
so'dering station with o rotary di- 0-1m 2002 =
ol Digital Temperalure Indication, 0-10mA 206
on-off” switch, iron holder and tip —~ 0-50mA 142 !
;:Iecming spong% Ti'ns stotion ‘fec- P o~ 0-100mA 0265
uses occurate heot sensing for b
nstont compensation & ;lcﬁ)le ,"l\ 8'?(‘)\0mA (6)2)2;:13)
temperotures. Adjustable tem- L XS 0-3A 20m$2
feru'ure range of 150 - 480 C, ¢ > 0-5A 12ms2
ow voltoge iran with Silicone ‘\-_,/’ 0-15A 4m&
coble. _ e 010V 10k
Supply: 240V, Iron: 24V 4BW : 0-15v 15k
Moael 167-570 £58.75 2‘5%% 1385
CCTV - Black & White Module CCTV - Colour Moadule

A minioture colour CMOS comera mod-

ule with a 3.6mm F1.2 Lens, video output

& power via connectors provided.

Specs (660-84

Power: 12Vdc 150mA

Video System: PAL

Pixels. 428 x 582

Min (lumination: 3Lux

Video Quiput: 1 Vpp, 7542
t°)

Dims: 28 x 2B x 28mm 20 £36.33

CCTV - Comrloh Systems
We corry the full rcnc\;ﬁ of
Micromark 8lack & White and
Colour CCTV systems for the
home or office.

These complete eosy instoll sys-
tems are sup?hed complete with
power supply, cables and all
ixings. Simp eJ:qu-ln connec-
tions” - no soldering required
for use with ony TV or Video with
o scort socket.

"

Black & White Systems
from 522.;7

Tel: 0191 2514363 Fax: 0191 2522296 Email: sales@esr.co.uk hitp: //www.esr.co.uk
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EPE Online
EPE Online
See notes on Readers’ Technical Enquiries below — we regret
Ier?ogmy technical enquiries cannot be answered over the tele-
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Editorial Offices:

EVERYDAY PRACTICAL ELECTRONICS EDITORIAL
WIMBORNE PUBLISHING LTD., 408 WIMBORNE ROAD EAST,
FERNDOWN, DORSET BH22 9ND

Phone: (01202) 873872, Fax: (01202) 874562,
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Web Site: www.epemag.wimborne.co.uk
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MILL LODGE, MILL LANE,
THORPE-LE-SOKEN, ESSEX CO16 0ED

Phone/Fax: (01255) 861161 Email: epeads@aol.com

100 AND COUNTING

Over the years we have learned a lot about the needs of readers - suffice to say that the
editorial staff on EPE have over 100 years of collective experience in this game — we also
try to meet those needs and change with them as interests and technology move on. When
microcontrollers came along we were one of the first hobbyist magazines in the world to use
them (nearly 11 years ago) and, as they have become more and more popular in hobbyist
projects, so we have moved along with them. Back in 1998 we published John Becker’s
EPE PIC Tutorial course and now, five vears later, we are unashamedly publishing an
updated version.

The original Tutorial has been highly acclaimed and thousands of readers have gained the
knowledge to write software and program their own PIC microcontrollers from it. Basically
it is still a very sound (possibly the best ever — until now, of course) introduction but, as
technology and software have moved on in those five years, and because we can now only
supply the original series as a set of photocopies (inconvenient for both us and you, the read-
er), we have decided it is time for an update.

RESOURCES

To go with the Version 2 series — being published as three 16-page Supplements in the
April, May and June issues — we have produced a special EPE PIC Resources CD-ROM.
This contains not only the V2 Tutorial scftware for the series, but also the constructional
project article (in PDF form) and software for the PIC Toolkit Mk3 used as the demonstra-
tion hardware in the V2 Tutorial (this was originally published in the October and November
*01 issues — in case you still have them). We have also included 14 other PIC features and
projects (plus software) from past issues of EPE, together with four unpublished articles, all
on the use and programming of PIC microcontrollers. Whilst we believe the EPE PIC
Resources CD-ROM will be invaluable to those following the V2 Tutorial, it is not essential
as the necessary course software is also available for free download from our website, and
photocopies of the PIC Toolkit Mk3 articles are available from our Back Issues department,
should you need them. Full details on the PIC Resources CD-ROM, plus an order form, can
be found elsewhere in this issue, it can also be ordered from the shop on our website.

e duso

SUBSCRIPTIONS
Subscriptions for delivery direct to any address in the
UK: 6 months £15.50, 12 months £29.50, two years

AVAILABILITY
Copies of EPE are available on subscription anywhe-e
in the world (see opposite), from all UK newsagents

(distributed by COMAG) and from the followirg
electronic component retailers: Omni Electronics and
Yebo Electronics (S. Africa) EPE can also be pur-
chased from retail magazine outlets around the world.
An Internet on-line version can be purchased and
downloaded for just $10.99US (approx £7) per year
available from www.epemag.com

£54; Overseas; 6 months £18.50 standard air service or
£27.50 express airmail, 12 months £35.50 standard air
service or £53 express airmail, 24 months £66 standard
air service or £101 express airmail.

Online subscriptions, for downloading the magazine via
the Internet, $10.99US (approx £7) for one year avail-
able from www.epemag.com.

Cheques or bank drafts (in £ sterling only) é’aéable to
Everyday Practical Electronics and sent to EPE Subs.
Dept., Wimborne Publishing Ltd. 408 Wimborne Road
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872.
Fax: 01202 874562. Email: subs@epemag.wimborne.co.uk.
Also via the Web at: http://www.epemag.wimbome.co.uk.
Subscrri&ions start with the next available issue. We accept
MasterCard, Amex, Diners Club, Switch or Visa. (For past
issues see the Back /ssues page.)

BINDERS

Binders to hold one volume (12 issues) are available
from the above address. These are finished in blue
p.v.c., grinted with the magazire logo in gold on the
spine. Price £6.95 plus £3.50 p&p (for overseas readers
the postage is £6.00 to everywhere except Australia
and Papua New Guinea which cost £10.53. Normally
sent within seven days but please allow 28 days for
delivery - more for overseas.

Payment In £ sterling only please. Visa, Amex, Diners
Club, Switch and MasterCard accepted. Send, fax or
phone your card number, card expiry date and card
security code (the last 3 digits on or just under the sig-
nature strip), with your name, address etc. Or order on
our secure server via our UK web site. Overseas cus-
tomers - your credit card wili be charged by the card
provider ‘In your local currency at the existing
exchange rate.
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READERS’ TECHNICAL ENQUIRIES

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

PROJECTS AND CIRCUITS

All reasonable precautions are taken to ensure
that the advice and data given to readers is
reliable. We cannot, however, guarantee it and
we cannot accept legal responsibility for it.

A number of projects and circuits published in
EPE employ voltages than can be lethal. You
should not buiid, test, modify or renovate
any item of mains powered equipment
unless you fully understand the safety
aspects involved and you use an RCD
adaptor.

COMPONENT SUPPLIES

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

ADVERTISEMENTS

Although the proprietors and staff of
EVERYDAY PRACTICAL ELECTRONICS take
reasonable precautions to protect the interests
of readers by ensuring as far as practicable
that advertisements are bona fide, the maga-
zine and its Publishers cannot give any under-
takings in respect of statements or claims
made by advertisers, whether these advertise-
ments are printed as part of the magazine, or
in inserts,

The Publishers regret that under no circum-
stances will the magazine accept liability for
non-receipt of goods ordered, or for late
delivery, or for faults in manufacture.

TRANSMITTERS/BUGS/TELEPHONE
EQUIPMENT

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

ATMOSPHER

MONITOR

BRIAN M. LUCAS

Tune in to the sounds of the

heavens in turmorl!

ITH the chaotic weather of recent
Wyears, have you given any

thought to what’s going on up
there? It is generally known that you can
hear on a domestic radio the electrical
activity of lightning when a storm is in
progress, with the characteristic large
crack and swishing sound, emanating from
the speaker and that’s about all.

What if you could hear other sounds
over a distance of thousands of miles away,
such as Inter Cloud Discharges, Sliding
Whistles, Tweaks, Pings, Chirps, Risers,
Chinks, Clicks, and the exotic Dawn
Chorus?

“Has this guy lost his marbles?” Well,
no, because indeed you can detect and
monitor all these sounds from our atmos-
phere, from the comfort of your home,
using little more than a ferrite rod with a
wideband amplifier, and piezoelectric
sounder — as you can now discover!

WHAT IS THIS
ACTIVITY?

There are historical accounts linking the
earth’s jonosphere sounds that go back to
the days of early telephone development
over long wires. During 19th Century and
First World War use, strange sounds ema-
nating from earphones were noted. They
became known as Natural Radio, a product
of global lightning, producing on average
over 44,000 discharges a day.

The most sought after is the elusive
Whistler that produces a sliding note, from
around 6kHz down to 300Hz, with a dura-
tion of between 0-3 and five seconds. This
sound is created when a distant lightning
strike on the other side of the earth pro-
duces a wide spectrum of electrical noise
that becomes ducted into the earth’s mag-
netosphere (magnetic field in space).
While radiating outward, it combines with
the solar wind’s ionising charge to create
the dispersed and sliding high to low fre-
quency whistle that can be heard with this
design in your hemisphere.

Another rarity is the Dawn Chorus,
which sounds like a rookery of birds,
combining rising whistles, chirping and
warbles, produced through the sun ejecting
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charged ions that impinge on the earth’s
magnetosphere, causing the Northern
Lights, or Aurora, seen seasonally from
dusk through to dawn in various parts of
the northern hemisphere.

Many other short period sounds can be
heard like Pings, Hooks, Chirps and
Risers; also Chinks and Tweaks. The last
two are dampened oscillations from
1.6kHz to 4kHz, throughout the earth’s
waveguide around the ionosphere’s D- and
E-layers, 45 to 75 miles above the earth.
These create a bell-like resonance that
rolls-off sharply around 1-5kHz.

Another sound that can be heard is the
Inter-Cloud discharge activity, occurring
Just as storms build-up, prior to any forked
lightning discharges. The excess electro-
static cloud charge reaches its limit, to dis-
charge within the cloud, producing an
unusual sound known as “Walking On
Broken Glass”, variable over a duration of
0-4 to 1-2 seconds.

WHISTLER’'S MOTHER?

The experimental years have been long
in developing the Atmospherics Monitor
described here. The birth of the idea even-
tually came to maturity as the circuit
shown in Fig.1.

The aerial rod and coil assembly, L1, set
the radio frequency reception bandwidth.
The incoming amplitude modulated signal
is initially a.c. coupled to transistor TR1
and op.amp ICla. Preset VRI sets the tran-
sistor’s bias current and thus the half-rail
bias voltage (4-5V) for ICla. Stage gain is
principally set to around x28 by resistors
R5 and R6.

The bandwidth of this stage is set by
capacitors C2 and C5. The frequency
response characteristic at IC1b pin 1 is
shown in the top curve in Fig.2. The ~1dB
knee points are 2-3kHz and 9-1kHz,
although as the roll-off continues a greater
bandwidth extends until the noise floor is
reached at —12.5dB, relating to —-63dB or
600u V.

Part of this noise is generated by tran-
sistor TR1, even though a low noise
BCI109C is used. The atmospheric back-
ground is alive and kicking just below this
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COMPONENTS

ATMOSPHERICS MONITOR

Cattance Oy £17

excl. case, ball. & hardware

+
]
n R13
&

100n

v

Resistors Capacitors Semiconductors See
R1,R10  2k2 (2 off) R8, R9 220k (2 off) C1,C16  220u radial elect. 16V (2 off) D1toD3  1N4148 signal diode (3 off) L7
R2, R16 10k (2 off) R11 47k Cc2 10n ceramic disc, 2:5mm pitch TR1,TR2 BC109C npn transistor (2 off)
R3 100k R12 15k Cs, Cs, IC1,1C2  LM358 dual op.amp (2 off) TALK
R4 270k R14, R15 22k (2 off) C13, C17 100n ceramic disc 2-5mm pitch (4 off) i
R5, R13 1k (2 off) R17 33k C4,C10 242 radial elect, 16V (2 off) Miscellaneous pag
R6 27k R18, R19 120k (2 off) Cs, C8 1u radial elect, 16V (2 off) L1 ferrite rod, 200mm x 10mm dia., ptus
R7 150k R20 5k6 c7 220p ceramic disc, 2-5mm pitch 500 turns 40s.w.g. enamelled copper wire
All 0-25W 2% low-noise metal film C9 560p ceramic disc, 2:5mm pitch ME1 2501 A panel meter
C11 220n ceramic disc, 2-5mm pitch WD1 resonant piezo sounder, 4.6kHz
Potentiometers C12 3n3 ceramic disc, 2-6mm pitch
VR1 47k or 50k min. round preset C14 820p ceramic disc, 2-5mm pitch Stripboard, 13 strips x 35 holes; plastic case to suit (optional);
VR2 100k rotary carbon Ci15 22y radial elect. 16V furniture “foot” to fit WD1; plastic tube to mount L1 — see text;
9V PP3 battery and clip; knob for VR2; solder, etc.
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level, and the average activity appears
between —11dB and —4dB over a range of
1000 miles, but can peak in times of storms
to +1dB of short duration electrostatic
pulses.

The output from ICla is ac.
coupled to the second
stage, around IC1b,
where further gain
of about x22 is
given, as set by
resistors R10 and
R11. Capacitor C9
limits the upper fre-
quency response in order to maintain
stability.

The output from IC1b is taken in three
directions. The first route is to the stage
around transistor TR2. The signal is recti-
fied by diodes D1, D2 and capacitor C13,
and then amplified by TR2 to drive the
250u A meter ME].

This signal activity meter provides
weighted readings of atmospheric dis-
charges. On quiet days the meter pointer
will deflect to a quarter of its scale, but can
change to half or more of full scale read-
ings as inter-cloud activity builds up.
Really frenetic activity will produce full
scale deflection. On power-up the meter
swings to full scale deflection to indicate
good battery condition.

In practice, the ampli-
fier output stage’s micro
eddy currents are the
limiting factor, so the

overall gain is set such that
soft sounds can just be heard
above the background noise,
without causing signal
feedback.

Power for the cir-

cuit can be
provided by
a 9V PP3
battery.

The output from IC1b is also
a.c. coupled via capac-
itor C10 and

attenuated by
resistors R12 and
R13. This signal is
suitable for feeding to
the microphone input of a
tape recorder.

Thirdly, the output from
ICIb feeds via capacitor C12
and resistors R14 and R15 to the
audio gain stage provided by IC2a.
The gain is set by potentiometer
VR2. The output from IC2a is buffered
by unity-gain stage IC2b which drives a
resonant piezo sounder having 80dB of
gain.

Referring again to Fig.2, the lower
graphic curve shows the response at the
output of IC2b. It has similar characteris-
tics to the upper curve, but has been given
a reduced roll-off at 7-3kHz. This is pri-
marily due to the sounder resonating at
4-6kHz, although net

Current con-
sumption is about 2mA

maximum. The supply is

smoothed by capacitor C1 for the stages up
to TR2. For the output stage around IC2,
the supply is via diode D3, smoothed by

e very sharply. capacitor C16. This is to minimise
0dB — A standard loud- instability in the rest of the circuit from
-; I A speaker was found to large electromagnetic pulses.
N be unsuitable in this
- R application, because CONSTRUCTION
= the induction between The Atmospherics Monitor is construct-
:S N the aerial and speaker ed on stripboard. The component layout
-t N would cause feedback and track cut details are shown in Fig.3.
_‘1: T N when the volume was Note that some resistors are mounted verti-
- . increased. By using a cally. Use sockets for both i.c.s. Assemble
-2t v N R piezo sounder the out- in arder of ascending component size.
I FREQUENCY (kHz) put’s electromagnetic The aerai ferrite rod required should be
field is kept excep- 200mm long by 10mm diameter. The use
Fig.2. Monitor frequency responses. tionally low. of two 100mm rods is permissible, but they
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The translucent “furniture cup”is held in position on the case
by the sounder mounting lugs.

must be glued end-to-end whilst held under
pressure. The coil former should be
100mm in length, formed from thin card-
board into a tube that can be shd tightly
over the rod to span its centre.

COIL WINDING
AND ASSEMBLY

The coil requires 500 turns of 40s.w.g.
enamelled copper wire. This should be
wound onto the cardboard former. within
a 20mm area, back and forth. It is not nec-
essary to have every coil turn side by side,
far more important is that the finished

General layout
inside an early
prototype. The aerial
coil ferrite rod is \ﬁ
housed in the plastic :

pipe.

AEAR OF SOUNDER l

ASSEMBLED VIA
SOUNDER LUGS

M2 x 16mm

SCREWS AND NUTS

CLEAR FURNITURE
SUPPORT CUP

Fig.4. Suggested method of mounting the piezo sounder on

the outside of the case.

result has an even coil surface, by filling
in gaps with turns as an ongoing process.
At the last turn, label this wire as the fin-
ished over-winding (marked F in Fig.3),
for negative OV connection to the strip-
board. The inductance value is roughly
24mH. Insulating tape can be used to
secure the coil turns in position, or use
glue.

The rod assembly needs supporting onto
resilient mounts, but do not use rubber

grommets. Instead, use either foam
or other soft but supporting materi-
al, to ensure the rod and coil are
unable to make direct intermittent
contact within the casing area.
Care should be taken regarding
the aerial’s input position in rela-
tion to the audio output. The aer-
o ial rod assembly needs to be
mounted close to the input con-
nection end of the stripboard,
centred in-line with the coil.

FINAL
ASSEMBLY

The piezo sounder has two
side fixing lugs. Using two
2mm boits 16mm long, lock

them with a nut on the

other side of the lugs fac-
ing the output. In the pro-
totype, a furniture cup
\ was used as the holder
| for the sounder. This
| causes the sounder to be
“\ heard more loudly. The
diagram in Fig.4
shows the mounting
technique.
The complete strip-
board assembly was mounted in a plastic
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case measuring 66mm x 38mm x 140mm,
with holes drilled as appropriate.

The aerial was enclosed in a plastic
plumbing pipe having an internal diameter
of approximately 14mm and a total length
of 225mm. The tube was cut and inserted
into a plastic “T” junction which was
pushed into a hole cut into the case and
glued in place. The two ends of the pipe
were covered by caps of the same diameter.
A plastic pipe clip bolted to the case helps
to provide further rigidity of the assembly.

Plastics adhesive bonded the aerial
assembly attachments, although this
should not be applied until after the unit
has been proved to be working correctly.

LISTENING TIMES

Atmospheric activity is primarily East to
West, so the aerial rod’s length should be
aligned with this direction. The period
between sunrise and midday tends to be
quiet for atmospheric activity. However,
from midday to late evening, the clouds
and thunderstorms build up through heat-
ing and convection, particularly in the sum-
mer and autumn months. By sunset the
atmospheric activity becomes frenetic, and
the Pings, Chirps, Clicks, Hooks and
Chinks are likely to be heard.

From midnight to sunrise regular
Tweaks and Risers might be heard. Dawn
Chorus, as its name suggests, can be heard
particularly at sunrise, also other times if
Aurora activity is high. Whistlers though,
require active solar flare ion bursts via
ducting conditions, to produce this sound.

Using the unit indoors, you are likely to
encounter interference, mainly from televi-
sion and computer monitors, but also house
wiring to a lesser degree. However, by
varying the orientation of the aerial, you
can null-out very sharply the majority of
unwanted hum and other numerous near-
field electromagnetic activity radiated
within the home.

The best results come when you are
monitoring out of doors in the evening
night sky. Moreover, this has its own charm,
while you ponder the wonder of our world
and the universe beyond the stars! O
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Fibreless Optics

Optical communication works fine in fibres but its performance
in free space is not bad either. Andy Emmerson elucidates.

ENTION optical communications
M and immediately you think of

fibre. Whether it’s mind-boggling
capacity expansion achievements in dense
wavelength-division multiplexing, unre-
peatered fibres spanning huge distance, or
new developments in fibre-to-the-desk,
they all serve to keep fibre optics constant-
ly in mind. Marvellous as this may be,
fibre is not the only way to go. Optical
communication works equally well outside
the confines of waveguides, as users of
heliographs and smoke signals have known
for two thousand years or more.

In most people’s minds, though, there’s
a big difference between “piped” optics
and signalling by light in free space. Fibre
is futuristic, free space is somehow dated
and potentially uncertain. Given the low
cost of wired communication and the all-
pervasive nature of wireless, apart from in
fibres why on earth would anyone wish to
send their messages on a beam of light?

Immediacy, cost, security and freedom
from irksome regulation is the short
answer. Lightwave transmission links can
be set up at short notice over a variety of
line-of-sight routes — great for broadcast-
ers or companies needing a quick hook-up
between two nearby buildings. The true
cost is frequently lower than the alternative
options and eavesdropping is effectively
impossible in many cases. Finally, because
no use is made of cables or radio frequen-
cies, there are no costs and delays resulting
from licensing problems.

This is true but it is also a simplification.
Lightwave communication in free space
takes many forms and these in turn have
many differing applications.

SHORT RANGE

Currently the highest profile in the
world of optical comms must be accorded
to the infra-red systems used for extremely
short-range data synchronising applica-
tions. All kinds of portable computers,
palmtops and electronic organisers use
infra-red for data exchange, the advantages
being infra-red’s minimal battery drain and
the fact that it does not require additional
hardware or cables on the user’s system.

According to the Infra-red Data
Association, established in 1993 to create
and maintain international standards for
the hardware and software used in infra-
red communication links, infra-red plays
an important role in wireless data commu-
nication as it suits the use of laptop com-
puters, wireless data communication and
other digital equipment such as personal
assistants, cameras, mobile telephones and
pagers. The Infra-red Data Association
(IrDA) 1.1 standard is a maximum data
transmission size of 2,048bytes, and 2
maximum transmission rate of 4Mbits/s,
rising to 16Mbit/s in the near future.
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Companies in the USA have extended
the concept to supply local area network-
ing systems for office use, although these
have only a one-metre range, which may
be unsuitable in cluttered environments.
Some observers argue that the Bluetooth
radio-frequency systems will replace infra-
red technology although this overlooks its
own shortcomings of bandwidth, coexis-
tence problems with other technologies
and that fact that Bluetooth has been pre-
sold to such an extent that it will have a
tough job living up to user expectations.
The most likely scenario is peaceful
coexistence.

UpP, UP AND AWAY

Outdoors in the wild blue yonder optical
communication is already established as a
powerful technology that is the equal of
both microwave radio and fibre-optic
cables.

Optical systems work in the infra-red
or near infra-red region of light and the
easiest way to visualise how they work is
to imagine two points interconnected with
fibre optic cable and then remove the
cable. Optical free space laser communi-
cations systems are truly wireless (wire-
free if you prefer) connections communi-
cating through the atmosphere by light
wave transmission, the beam being trans-
mitted through open space rather than
glass fibre.

The infra-red carrier used for transmit-
ting the signal is generated either by a
high-power l.e.d. or a laser diode. Two par-
allel beams are used, one for transmission
and one for reception, taking a standard
data, voice or video signal, converting it to
a digital format and transmitting it through
free space. Today’s modern laser systems
provide network connectivity at speeds of
155Mbit/s and will soon have the capacity
to achieve 622Mbit/s and beyond with total
reliability.

FULLY PROVEN

It is a fully proven technology too, with
tens of thousands of installations world-
wide. Lack of industry awareness is the
chief problem but even this is changing,

states Richard Redgrave, marketing
director of British company PAV Data
Systems Ltd. PAV is recognised as a leader
in “last mile” networking, its products
being exported worldwide. Its Windermere
plant produces broadband optical wireless
access systems with data rate capacities
operating from T1 (1-5Mbit/s) through to
SDI (270Mbivs) at distances up to six
kilometres.

The biggest drawbacks are severe
weather conditions that interrupt the beam
— extremely dense fog or sunlight shining
directly into the receiver diode. Both of
these cases are fairly rare and research
shows that infra-red technology operates at
an operational availability rate of between
99-1 and 999 per cent, equalling
microwave radio’s performance.

Birds are the other hazard for free-space
light beam communications; what happens
if a bird flies across the path? In fact birds
can see the infra-red region of the spec-
trum and will usually avoid the beam. If a
bird (or any other object) should pass
through the beam, no harm will be done.
The transmission will of course be inter-
rupted momentarily, although Ethernet and
Token Ring will re-transmit the data as per
protocol.

BRIGHT RED FUTURE

Infra-red technology, claims the IrDA, is
as secure as cable applications and can be
more reliable than wired technology as it
obviates wear and tear on the connector
hardware. In the future, it is forecast that
this technology will be implemented in
copiers, fax machines, overhead projec-
tors, bank ATMs, credit cards, game con-
soles and headsets. All of these have local
applications and it is really here where this
technology is best suited, owing to the
inherent difficulties in its technological
process for interconnecting over distances.

Outdoors too, its use is bound to grow as
communications companies, broadcasters
and end users discover how crowded the
radio spectrum has become. Once infra-
red’s image issue has been overcome and
its profile raised, the medium will truly
have a bright, if invisible, future.

it's true!

Haven’t we heard this before .. .?

Cast your mind back, if you can, to the Summer of Love (perhaps there were
several so let’s call it 1968). Londoners devastated by the loss of Radio Caroline
and gasping for an antidote to the all-too-restrained Radio 1 of the BBC were
promised an entirely new station called Radio Love.

Radical in more ways than one, it planned to beat the state monopoly over the
airwaves by broadcasting on optical frequencies beaming down on London from
the top of Centre Point. Listeners would have their transistor sets converted with
a photoelectric cell and could tune into their choice of music. That was the
theory; the reality never came to pass. You probably think it's an April spoof, but

|
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Learn About Microcontrollers
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PIC Training & Development System

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

The heart of our system is a real book which lies 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 litfle theory.....

Our complete PIC training and development system consists of our universal
mid range PIC programmer, a 306 page book covering the PIC16F84, a 262 page
book introducing the PIC16F877 family, and a suite of programmes to run on a
PC. The module is an advanced design using a 28 pin PIC16F872 to handle the
timing, programming and voltage switching requirements. The moduie has two
ZIF sockets and an 8 pin socket which between them allow most mid range 8, 18,
28 and 40 pin PICs to be programmed. The plugboard is wired with a 5 volt supply.
The software is an integrated system comprising a text editor, assembler
disassembler, simulator and programming software. The programming is
performed at normal 5 volts and then verified with plus and minus 10% applied to
ensure that the device is programmed with a good margin and not poised on the
edge of failure. Requires two PP3 batteries which are not supplied.

NEW 32 bit PC Assembler

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

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

Book Experimenting with PCs ...............
Kit 1a ‘made up’ with software . .
Kit 1u ‘unmade’ with software ......

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 Experimenting with C & C++ ........
Kit CP2a ‘made up’ with software .........
Kit CP2u ‘'unmade’ with software ..........
Kit CP2t ‘top up' with software ..............

The Kits

The assembler and C & C++ kits contain the prototyping
board, lead assemblies,components and programming
software to do all the experiments. The ‘made up’ kits
are supplied ready to start. The ‘top up’ kit is for readers
who have already purchased kit 1a or 1u. The kits do
not include the book.

Hardware required

All systems in this advertisement assume you have
a PC (386 or better) and a printer lead. The experiments
require no soldering.

Universal mid range PIC programmer module |
+ Book Experimenting with PIC Microcontrollers
+ Book Experimenting with the PIC16F877 (2nd edition)
+ Universal mid range PIC software suite
..... + PIC16F84 and PIC16F872 test PICs. . . . . £157.41
UK Postage and insurance. . . . . .. ... .. ... £ 7.50
(Europe postage & Insurarce. . £13.00. Rest of world. . £24.00)

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 a half
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, iearn 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.

Ordering Information

Telephone with Visa, Mastercard or Switch, or send cheque/PO for
immediate despatch. All prices include VAT if applicable. Postage must be
added to all orders. UK postage £2.50 per book, £1.00 per kit, maximum
£7.50. Europe postage £3.50 per book, £1.50 per kit. Rest of World £6.50 per
book, 2.50 per kit.

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 dispiay of text
messages, simple frequency counter, use a keypad for numbers,
letters and security codes, and examine the 10 bit A/D converter.

The 2nd edition has two new chapters. The PIC16F627 is
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. Then we study how to
use a PIC to switch mains power using an optoisolated triac
driving a high current triac.

Mail order address:

® .
138 The Street, Little Clacton, Clacton-on-sea,
Brunnlng SO‘lware Essex, CO16 9LS. Tel 01255 862308
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A roundup of the latest Everyday
News from the world of

LEGALISED DVD COPYING?

Could a new product allow you to copy commercial DVDs without breaking
the copyright law? asks Barry Fox

COURT in California must now decide

whether PC owners can use an ingen-
ious new software program that achieves
what is apparently impossible. It makes
perfect digital copies of DVD movie disks,
without defeating their electronic copy-
protection. The  software, called
DVDXcopy, has been developed by US
company 321 Studios and is now on sale
over the Internet for $100.

321 believes Xcopy steers clear of laws,
including the 1998 Digital Millennium
Copyright Act, which prohibit circumven-
tion of copy protection. and Xcopy should
be legal because it lets people make per-
sonal “back up” copies of DVDs they have
bought.

Key Concept

The movie on a DVD is stored as digital
code, compressed with the MPEG system.
The code is encrypted with the Content
Scrambling System, and unscrambling is
only possible on an authorised DVD play-
er or computer DVD ROM drive which
contains CSS de-encryption keys secured
in its control chips. The keys in the player
mate with more keys buried in hidden parts
of the DVD disk. If a computer is used to
make a bit-for-bit copy of a DVD, the copy
will not play on a DVD player because
some of the vital keys do not copy along
with the movie.

As extra security the analogue TV signal
which comes out of the player is processed
with the Macrovision analogue copy-
protection system.

Unauthorised software called DeCSS can
defeat the CSS digital protection, and
black-box “signal cleaners” can be bought
to defeat Macrovision. In most countries
this is illegal. In the US the penalty can be
five years in gaol and a $0.25m fine. But
Xcopy does not defeat DVD’s protection
systems. Instead it shoehorns between them
by copying the digitat MPEG code just
after it has been legitimately unscrambled
from the DVD by an authorised player and
just before the unscrambled code is con-
verted into a protected analogue TV signal.

There’s A Cache To It

Xcopy sends the unscrambled MPEG
code to a temporary “cache” file on the
PC’s hard disk. Then it copies the cached
code onto a blank DVD, and deletes the
temporary store. The copy disk plays
perfectly.

Hands-on tests support 321's claim that
“It couldn’t be easier! Install on
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Computer; insert Blank DVD Disk; press
COPY NOW to Backup DVD”. It is even
possible to copy the copy DVD back to a
computer hard disk, and from there to
another blank DVD. It took only around
an hour to copy a two hour mavie. DVD
Audio disks can also be copied; the
Advanced Resolution tracks are ignored
while Xcopy transfers the Dolby Digital
and DTS replicas.

“Every backup copy you make is exactly
like the original. Nothing is compressed or
left off the disk,” claims 321.

So now, says 321, people can take their
favourite movies on the plane, in the car, or
wherever they go. If the copy disk gets lost,
stolen, or scratched, the original is still safe
at home.

Muddy Waters?
Earlier this year 321 tested the legal
waters with a system which spread a

movie over several blank CDs. 321 then
sued the nine major Hollywood studios,
including Disney, Universal and Warner,
when they complained. Now 321 is ask-
ing the District Court in San Francisco to
rule that selling Xcopy software to make
backup copies of DVDs onto blank
DVDs does not violate the DCMA or any
other US law. The studios have now
counter-sued.

321 is also encouraging people to peti-
tion the US Congress for correction of “an
unintended consequence of the DCMA™.

The Motion Picture Association of
America says it is staying silent until the
case comes to court but the MPAA claims
that $3bn is lost on piracy each year and is
already finding “burner” factories which
illegally copy movies to blank DVDs discs.
The MPAA says it “looks forward” to the
European Parliament passing tough laws
like the DCMA.

THE Feb '03 issue of
the RSGB Members’
magazine, RadCom,
contains an article by
Steve White G3ZVW in
which he publicises a
remarkable writing aid.

In brief, Steve high-
lights the so-called
Digital Ink Pen pro-
duced by Anoto. It
works like any other
ball point pen, but it
contains an interesting
feature — the ability to
store and wirelessly
transmit what you have
written.

The pen contains a
tiny camera that scans
your writing at 70

CHATPEN

frames a second. It uses a grid to recognise when and where the tip is in con-
tact with the paper and has a graphics capability of 86dpi. The captured data
can be retrieved and transmitted, using Bluetooth, to a suitably equipped PC or
cellphone, with a range of about 30ft.

Anoto’s technology is used in the Sony Ericsson ChatPen, and Logitech pro-
duce a similar model. Anoto’s web site is at www.anoto.com. Also do a search
via www.google.com, on “Sony Ericsson Chatpen” - lots of entries to browse.
The RSGB's web site is at www.rsgb.org.
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PC DIGITAL SCOPE

buffer size of 32K bytes.

space. Price starts at £139.

tem.co.uk. Web: www.clsystem.co.uk.

CL SYSTEM has announced a compact and smart module that turns your PC
or laptop into a fully-fledged digital oscilloscope and signal generator. Ideal for
capturing once-occurring events, the DSG samples at up to 30MHz, with a

It will generate sine, saw and triangular signals in normal and sweep formats,
and is programmable to generate other waveforms. It supports data input from
Microsoft Excel. With both scope and signal generator functions, the DSG
becomes a versatile component tester, plugging into a PC printer port.

The system supports Win 95/98/ME/NT/2000/XT. Minimum spec is a 486 PC
with 8MB of memory, EPP or ECP printer port, CD-ROM drive and 20MB disk

For more information contact CL System, Dept EPE, 35 Charterhouse
Avenue, Wembley, Middx HAO 3DD. Tel: 07986 860815. Email: clang @clsys-

SELF-DESTRUCT
CDS

By Barry Fox

AFTER six years of legal manoeuvering,
SpectraDisc of Providence, Rhode Island
has won a master patent (US 6 343 063)
that covers all its key ideas for making
CDs, DVDs and computer ROM disks that
self-destruct after a few minutes, days or
weeks of use. The disk is doped with
hygroscopic salts such as magnesium chlo-
ride and the surface covered with a peel-off
barrier, like a record label.

When the barrier is removed to bare the
disk for play, the salts start to pick up mois-
ture from the air. The corrosive mix then
begins to eat away the aluminium layer of the
disk that reflects the laser light in the player.
The disk can also contain an indigo dye
which darkens as it absorbs light from the
player’s laser. So the disk plays for a while
and then stops. Balancing the mix of salts and
dyes controls the permissible play times.

KEENE’S CAT

KEENE Electronics was established in
1988 and has since evolved around the
design, manufacture and distribution of
audio and video accessories. Keene say
that they sell interesting, useful, and some-
times hard to find bits and pieces designed
to make your life easier, whether you are a
camcorder specialist, home cinema fan or
general gadget addict!

If you are any of these, Keene’s latest
catalogue, containing over a hundred A4
full-colour pages, is a must for you. There
is too much to categorise, but it seems like-
ly that you will find what you are looking
for, as well as being helped to make more
informed decisions about future purchases.

For more information contact Keene
Electronics, Dept EPE, Unit 9, Old Hall
Mills Business Park, Little Eaton, Derbys
DE?21 5DN. Tel: 0870 990 9000.

Fax: 01332 830551.

Email: sales@keene.co.uk.

Web: www.keene.co.uk.

MOTOR CROUZING

CROUZET manufacture a wide range of
d.c. motors and associated gearboxes. They
have recently appointed the Camis Group
as their UK specialist distributor.

Martin Hyde, Crouzet’s Marketing
Manager, comments that customers will be
able to have their d.c. motors and gearbox-
es configured locally in the UK. “The
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Camis offer includes supplying adapted
products, control systems and even com-
plete products and assemblies if required”,
he says.

For more information contact Camis
Electronics Ltd., Dept EPE, Platts Road,
Stourbridge DY8 4YR. Tel: 01384 441402.
Web: www.camis.demon.co.uk.

MOTOROLA
MICROS

READERS can perhaps be forgiven if they
think that PICs are the only microcontrollers
available. Whilst EPE has standardised on
PICs, in fact there are numerous other
microcontrollers manufactured by organisa-
tions other than Microchip.

Motorola, for example, have recently
introduced a microcontroller that could
well find favour with those who have been
in electronics for some time and who
remember with affection such microproces-
sors as the 6502 and the language structure
used in it and others of similar type.

Motorola’s new microcontroller family of
68HC908QT/QY devices could be of inter-
est to such readers. One of the main techni-
cal features of the QT/QY family is the
CPUOS8 core, which is code compatible with
the industry standard HCOS micro. This was
one of the leading controllers of the 90’s,
selling more than five billion units.

The 68HC908 devices, known also as the
Nitron family of 8-bit flash MCUs, feature
in-circuit reprogrammable memory of
1-5K to 4K bytes, and a number of on-chip
peripherals, including a 2-channel 16-bit
timer system with selectable capture, com-
pare and PWM, and 4-channel 8-bit ADC.

An evaluation board is inexpensively
available for these devices, featuring a bat-
tery powered 68HC908QT4, l.e.d.s, poten-
tiometer, pushbutton switch, access to all
/O, software demo and application code.
The board is available from Motorola’s
distributors worldwide at the suggested
retail price of US$25.

Motorola offers 68HC08 web-based train-
ing, and has a large library of applications
and complete reference designs. A large
base of hardware and software development
tools are available and the family is also sup-
ported by a free Metrowerks CodeWarrior
Development Studio Special Edition.

For more information browse
www.motorola.com/mcu.

TECHNOLOGY
TRAINING

BOURNEMOUTH University has sent us
a flyer promoting their School of Design,
Engineering and Computing. This is said
to maintain excellent links with industry
and commerce through a thriving pro-
gramme of research, consultancy, technol-
ogy transfer and professional training.
Bournemouth University continues to have
one of the highest employment rates for
new graduates, of all UK universities.

Short courses also form an important
part of their Continuing Professional
Development programme, usually having a
duration of one to five days. They typical-
ly include hands-on laboratory sessions to
enable you to practise new skills under
expert guidance.

Contact details: Technology Transfer
Centre, Bournemouth University, Talbot
Campus, Fern Barrow, Poole, Dorset
BH12 5BB. Tel: 01202 595506.

Fax: 01202 595559.

Email: ttc @bournemouth.ac.uk.

Web: www.dec.bournemouth.ac.uk.

Everyday Practical Electronics, April 2003



e 2

& %

BS2-IC

BS2-SX

BS2E-IC

BS2P/24

BS2P/40

Parallax BASIC Stamps - still the easy way to get your project up and running!
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Mini-Terminals and Bezel kits
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3-Axis Machine

Six-Legged Walkers

Robotic Arms

Robotic models for both the beginner and the advanced hobbyist

&

¥ vy »- - 4
PR e e T 2

n ] "
- - -

P

Servo Drivers

]

Motor Drivers

On-Screen Displays
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Ubicom Tool Kits
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Constructional Project ——

INTELLIGENT

GARDEN LIGHT.

CONTROLLER

MAX HORSEY

An easy-build lights controller that
knows when it’s time to switch off

with garden lights or any lighting

system, including Christmas lights,
which need to illuminate at dusk, but turn
off around midnight.

Many existing lights are controlled by
timers, but these have to be continually
reset during Aurumn and Spring as the
period of daylight changes. Often lights
are controlled by sensors such as l.d.r.s, in
which case the light stays on all night,
which is not ideal.

A system which turns on at dusk, but
switches off at around midnight would
require a light sensor, and a real time
clock, which in rurn requires a means of
setting the time, and occasional re-setting.
All very inconvenient!

HOW IT WORKS

Many garden lights are supplied with a
power adaptor, and so the circuit was
designed to operate on the 12V a.c. or d.c.
supply that was already provided with the
lighting set. For example, the garden lights
in question were supplied with a power
adaptor rated at 12V a.c. Hence the circuit
first converts the supply to d.c. before reg-
ulating it down to 5V. The output to the
garden lights is via a p.c.b. mounted relay,
with mains rated contacts.

The block diagram of the system is
shown in Fig 1. The light sensor monitors
the level of light. and is connected to an
analogue input at the PIC microcontroller.

The first time the system is used, the Set
button is pressed Juring dusk, at the point
at which the lights are required to come on.
This setting is retained by the PIC even
during power lass. It can be reset if
required by pressing the Set button as
described later.

The PIC indicates day or night, and
whether the garden lights are switched on
by means of three coloured l.e.d.s. Another
output controls the relay which in tumn
switches the a.c. (or d.c.) supply to the gar-
den lights. Any 12V power supply may be

THIS project was developed for use
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Since the most canvenient way of pro-
gramming the device is by means of the
PICAXE system (see Nov '02), resistors
R1 and R2 are connected to the three-pin
input connector TB1 to enable direct

LIGHT SENSOR »1 outPuUTLEDS
A
SETBUTTON =i Pic e abvOuAGE e e
MICROCONTROLLER DA, (SUPPLIEDT wrms
WINTERSUMMER = - GARDEN
L OUTPUT RELAY s

Fig.1. Block diagram for the Intelligent Garden Lights Controller.

employed, and since the current required
by the circuit is very small, it is ideally
powered by the supply that is intended for
the garden lights.

CIRCUIT DESCRIPTION

The full circuit diagram for the
Intelligent Garden Lights Controller is
shown in Fig.2. At the heart of the circuit
is the microcontroller i.c., a PIC16F627.

Intelligent
Garden
Lights
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programming from the serial port of a
computer. Note that this can only be done
if a pre-configured i.c. (known as
PICAXE-18) is obtained from Revolution
Education — full details later.

MORE ON PICAXE

A PICAXE-18 i.c. is a PICI16F627
device into which special software has
been added to enable serial programming

Ughts Doy hight




via a lead direct from a PC. In
other words, no programming
hardware board is required, and
the PIC is programmed “in-cir-
cuit”. This, it is claimed, makes
programming changes and exper-
iments easy.

One of the disadvantages is
that the PICAXE-18 is less
widely available than a standard
PIC16F627, and programs have to
be fairly short. The advantage is
that having bought the PICAXE-
18 and serial lead all the required
software is available free by
downloading, or for a nominal
charge on floppy disk. The pro-
gramming system is in a form of
BASIC, and is semarkably

=FEATURES . . .

Set switch S2 at the required

Switches on automatically at dusk

in memory for subsequent nights

are stored in EEPROM in case of power loss

required

@ Times the length of the night until dawn, so that on
subsequent nights the output is switched off
halfway through the night (i.e. around midnight)

@ Initial setting achieved by pressing a pushswitch at
the chosen point during dusk. This value is retained

@ Dusk turn-on setting and length-of-night settings

@ Summer/Winter selector switch can be fitted if

moment during dusk. The volt-
age at RAO/ANO is noted by the
PIC, and this value is remem-
bered for subsequent automatic
switch-on.  Capacitor  Cl
removes any electrical noise that
could be a problem if 1.d.r. RS is
connected via long leads.

SUMMERWINTER

Pin RA7 monitors the
Summer/Winter switch S3. If this
switch is omitted, then the
default is “summer-time”, i.e. the
system will switch off at mid-
night during summer, and at
11pm in winter.

If S3 is fitted and closed, the

straightforward. Of course, you

circuit is set to “winter-time”

Fig.2. Complete circuit diagram for the Intelligent Garden Lights Controller.

can download the program for this project
from the EPE website.

For those wishing to program a
PIC16F627 in the conventional way, a
HEX version of the program is provided.
Note that the PIC16F627 is similar to the
popular PIC16F84A, and can be re-pro-
grammed many times.

However, it has an in-built oscillator, and
is cheaper than the PIC16F84A. If serial
programming is not required, connector
TBI can be omitted, but resistors R1 and R2
are best included to tie the serial input to OV.

Pin 4 of IC] is “master clear” (MCLR).
The Reset switch S1 may be omitted since
the i.c. is reset every time it is powered up.

However, it may be required on the odd
occasion with PICAXE-18 if latch-up
occurs during programming. Hence two
terminal pins may be employed rather than
a switch so that they can be bridged with a
screwdriver blade on the very rare occasion
that reset is required. Note that resistor R3
is essential whether or not the reset func-
tion is required.

INPUT PINS

Pin 5 is the negative (OV) supply pin,
and all unused Port A analogue inputs are
tied to the OV line. The Set switch S2 is
connected to the input at RAI/ANI.
Being a “normally-open” pushswitch,

resistor R4 holds this pin at OV. When S2
is pressed the pin switches to positive
(5V). This is interpreted by the PIC as
logic 1.

Pin RAO/ANO is employed as the light
level sensing analogue input. It monitors
the voltage at the junction of RS, the light
dependent resistor (1.d.r.), and resistor R6.
This voltage will rise as the amount of light
falling on the l.d.r. increases.

In this arrangement, the analogue pin
can only detect voltages between OV and
about 3V, so the value of R6 has been
chosen to provide an acceptable
range during the period of dusk
and dawn. A variable resistor
(potentiometer) would often be
chosen in place of R6, but this
complicates the setting-up
procedure, and a value of 10k ™

should provide the range
required.
Note that the user still

chooses the exact moment of
“switch-on” by pressing the

Finished circuit board.
Note how the l.e.d. leads
have been bent to align
with the small holes in the
case lid.
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(GMT) and will switch off at midnight dur-
ing winter, but 1 a.m. in summer. The cir-
cuit can be permanently set to winter-time
by fitting a wire link in place of S3. If S3 is
included, then the circuit can be made to
switch off at midnight all year round.
Resistor R7 ensures that RA7 is never left
“floating”.

If the standard (i.e. non PICAXE-18)
PIC16F627 is employed, then RA3/AN3
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and RA4/TOCKI should be connected to
OV since they are not required. Resistors
Rl and R2 will maintain RA4 at OV, the
hex software configures RA3 as an input
pin, so it may be tied to OV by fitting a wire
link to join pin 1 to pin 3 of connector TB1.

OouUTPUT PINS

The PIC (ICl) can supply more than
enough current to light an le.d. quite
brightly. So, outputs RB5, RB6 and RB7
are used to supply the three le.d.s, DI
(red), D2 (green), D3 (yellow), which
indicate night-time, daytime and “lights
on” respectively. Each l.e.d. is supplied via
current limiting resistors (R8, R9 and
R10).

Pin RB7 also drives the Darlington tran-
sistor TR1 via base current limiting resistor
R11. The transistor in turn switches on the
relay, note that the 5V signal from the PIC
is used to switch on the 12V d.c. supply for
the relay coil. The transistor acts as an inter-
face between the two voltages. The relay
acts as an interface between the low-current
12V d.c. supply and the high-current 12V
a.c. supply required for the lights. Diode D4
removes the back e.m.f. produced by the
relay coil when it switches off.

Note that unused Port B pins should be
left open-circuit i.e. not connected. The
software configures all of port B (i.e. pins
RBO to RB1) as output pins.

POWER SUPPLY

The 12V a.c. supply (from the garden
lights PSU) is applied via terminal block
TB3. The supply is rectified into d.c. by
means of bridge rectifier RECI. Note that
if d.c. is applied to TB3 the circuit will
work equally well, and the polarity of the
d.c. is irrelevant. Capacitor C3 ensures that
the ripple present on the rectified d.c.
supply is smoothed.

Regulator IC2 provides a steady 5V sup-
ply for the PIC, and capacitor C2 removes
any spikes present.

The power supply provided with the
garden lights is capable of supplying a con-
siderable current, and so the circuit is pro-
tected by means of a thermal fuse FSI.
This fits into the circuit like a small capac-
itor and will protect the 12V d.c. section
against short-circuits. The regulator IC2
limits the 5V supply to a maximum of
about 100mA.

No protection is provided for the 12V
a.c. supply to the lamps since this should
be built into the power unit supplied. The
suggested relay is capable of handling
much more current than the maximum that
can be supplied by a typical power unit,
but if in doubt, an additional fuse can be
fitted in series with the a.c. supply to the
p.c.b. i.e. in series with pin 1 of terminal
block TB3.

CONSTRUCTION

Construction of the Lights Controller
is based on a small (73mm x 68mm)
single-sided printed circuit board
(p.c.b.). The topside component layout
and full-size underside copper track mas-
ter are shown in Fig.3. This board is
available from the EPE PCB Service,
code 389.

Begin construction by examining the
p-c.b. to ensure that the holes for the relay
and terminal blocks TB2 and TB3 are large
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Components mounted on the completed printed circuit board.

enough. Also check that the three mounting
holes, shown as square pads without any
tracks will take the p.c.b. self-adhesive
mounts.

However, do not yet fit any of these
items, as it is easier to begin with the i.c.
socket. Fit and solder this with its notch as
shown in Fig 3. Next fit the smallest parts
such as resistors and small capacitors C1
and C2.

COMPONENTS

Re;lstors ; See

1, R6 10k (2 0

R, e SHOP
R4, R7 22k (4 off)

R5 miniature TALK
light page
dependent resistor
(.d.1r)

R8, R9,

R10 3309Q (3 off)
R11 4k7
All 0-5W 5% carbon film, except R5
Capacitors
C1,C2 100n disc ceramic (2 off)
C3 1000u radial elect. 16V
Semiconductors

D1 3mm red l.e.d.

D2 3mm green l.e.d.

D3 3mm yellow l.e.d.

D4 1N4001 50V 1A rect.
diode

TR1 TIP122 or TIP121 npn
Darlington transistor

IC1 PIC16F627 or
PICAXE-18
preprogrammed
micrecontroller
(see text)

Diode D4 must be fitted the correct way
round, with its silver band as shown. as
must the bridge rectifier REC1 whose pos-
itive lead is longer than the others.
Capacitor C3 must be fitted with the posi-
tive (longer) lead also as shown.

Next fit the regulator i.c. IC2, with its
flat side towards switch S2, and fit transis-
tor TR1 with its metal tab nearer resistor
R11. The 3-pin connector TB1 is optional,

Approx. Cost
Guidance Only

excl. case & serial lead

IC2 781,05 5V 100mA
voltage regulator

WO005 1-5A 50V bridge
rectifier

REC1

Miscellaneous

RLA 12V 2702 coil, p.c.b.
mounting relay,
contacts rated 10A
240V a.c. or more

S1 p.c.b. mounting switch,
push-to-make
(optional — see text)

82 pushbutton, low profile
switch (push-to-make)

S3 s.p.s.t toggle switch

TB1 3-pin serial connector
(shrouded 3-pin
header)

TB2, TB3 2-way screw terminal
block, p.c.b. mounting
(2 off)

FS1 0-5A thermal fuse (see text)

Printed circuit board available from the
EPE PCB Service, code 389; plastic
case, size 142mm x 81mm x 30mm
approx.; 18-pin d.i.l. socket; senal down-
load lead for PICAXE-18 (see text); con-
necting wire; solder pins; solder etc.
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and required if the PIC is a PICAXE-18
type, and programmed directly from your
computer. If TBI is required, ensure it is
fitted with its locating “tongue” towards
the outer edge of the p.c.b.

The l.e.d.s DI. D2 and D3 may be
mounted directly on the p.c.b. Ensure

that they are fitted the correct way round, e ; i iz
and allow them to stand well proud of the o [ o
board. It will then be possible to fix the ™
p.c.b. into the case with the l.e.d.s ® ®
showing through three holes drilled in ® e - @
the top. o -

If the l.e.d. wires are bent a little, they & ol |

may be positioned more easily, and fine-
tuned to be at the correct height. Any
colour scheme can be used, but in the
prototype D1 was Red, D2 Green and D3
Yellow.

ALL SWITCHED ON

Switches S1 and S2 can be p.c.b. mount-
ing types if desired, although as explained k
earlier, S| is hardly ever needed. and a pair
of terminal pins will suffice in the unlikely = = ——
event that the circuit requires a reset. The
terminal pins must be fitted on the pads
nearest to resistor R3, the other pads are
simply to locate S1.

The prototype employed a low-cost
p-c.b. switch for S§1, as shown in Fig.4 and
the photographs. S2 is the Set switch, and
is likely to be required on the casing.
Hence a pair of wires should be fitted to
the pads nearest the outside edge of the
p.c.b.

Switch 83 is optional and is designed to
select between Summer-time and Winter-
time. If 83 is omitted the system defaults

RELAY = |,
o
* nc ® O—‘—-»z

2:71in.
(69mm)

2:95in. (75mm)

Fig.3. Lights Controller printed circuit
board component layout and full-size
copper track master.

to summer-time. This will cause the sys-
tem to switch off the lights at 1 a.m. dur-
ing the summer and at midnight during the
winter.

Alternatively, a wire link in place of S3
will cause the system to switch off the
lights at midnight during the summer, and
11 p.m. in winter. If 83 is included you will
be able to set the system to switch off the
lights at midnight all year round.

Wires should also be fitted for the l.d.r.
(RS). The thermal fuse FSI can be fitted
either way round, followed by the relay.
Some care must be taken to make all the
relay pins find their correct holes. There
are two types of p.c.b. mounting relay in
common use, and the p.c.b. has been
designed to accommodate either type.
Hence the extra four holes which are not

required.
Completed unit showing the p.c.b. mounted in the case base and the three l.e.d. Now fit the p.c.b. mounting terminal
locating holes in the lid. blocks TB2 and TB3, ensuring that the
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holes for the wires are facing the outside
edge of the p.c.b. Finally insert the pro-
grammed PIC into its socket, taking static
precautions and ensuring it is seated the
correct way round, with its notch (or dot)
towards resistor R6.

CASING UP

The p.c.b. may be housed in a slim white
case measuring 140mm x 80mm x 30 mm,
as shown in Fig 4. Drill holes for the three
l.e.d s, noting that if the holes are suitably
aligned, the l.e.d.s may remain housed on
the p.c.b. as shown in the photographs.
Also drill a hole for pushswitch S2, and
optional Summer/Winter switch S3. Note
that S1 is not required once the PIC has
been programmed and so no provision
need be made.

Driil a hole for the power supply cable.
and the cable connecting the garden lights,
and a hole for the wire linking the l.d.r.
with the circuit. You should include a small
cable strain relief grommet in the power
and lights cable entry holes.

The power supply from the lights
power supply transformer is connected
directly to terminal block TB3, and the
garden lights are connected directly to
terminal block TB2. In view of the large
current involved it is advisable to use
these direct connections.

The power unit supplied with the gar-
den lights should already have fuse pro-
tection (probably a thermal fuse) built in.
If this is not the case then an additional
fuse should be included in the supply link-
ing the power input to pin 1 of terminal
TB3. This will guard against a short
circuit occurring in the cable feeding the
garden lights.

The circuit board. may be fixed into the
case using p.c.b. self-adhesive supports,
taking care to align the le.d.s with the
holes in the case.

TESTING

Commence the testing procedure by
connecting the l.d.r., but avoid connecting
the garden lights or garden power unit at
this stage. Testing the circuit with a 12V
d.c. supply limited to 1A or less, will
ensure less damage if mistakes have been
made. A 9V PP3 battery should work in
this application and is even less likely to
cause damage.

When power is applied, one of the l.e.d.s
— probably D2 — the green Daylight indica-
tor should light. This at least indicates that
all is likely to be well.

Partly shade the 1.d.r. and press switch
S2. Continue shading the 1.d.r. The yellow
(Lights-On) indicator D3 should light, fol-
lowed by red D1 (Night). Unshading the
l.d.r. should force the system back to green
(Day). Each time D3 switches on or off the
relay should click.

Further testing is difficult because of the
long time delays involved. A 47k poten-
tiometer, wired as a variable resistor, fitted
in place of the l.d.r. will enable controlled
testing as described under the Fault
Finding section.

If all is well, double-check that capacitor
C3 is the correct way round, since this is
the only component that could explode if
wrongly fitted! Connect the garden lights
to terminal block TB2, and connect the
high-current 12V a.c. (or d.c.) supply to
TB3.
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Fig.4. Interwiring details from the circuit board to off-board components.

FAULT FINDING

Testing any timing circuit can be a little
tedious. especially one designed to operate
in a 48 hour cycle. Remember that the sys-
tem measures the length of the first night in
order to switch off half way through the
second night.

Begin any “fault finding” by making
simple voltmeter readings, starting with the
voltage reading across pin 5 (GND) and
pin 14 (+VE) of IC1. This should be close
to 5V. A higher reading probably indicates
that the regulator IC2 is at fault, or the
wrong way round.

Connect the negative of the voltmeter to
the d.c. OV line in the circuit — noting that
neither of the inputs to TB3 are at OV. A
suitable OV (GND) point 1s the cathode
(k) side of any l.e.d. Now take readings at
the other pins on IC1, according to the cir-
cuit description at the beginning of this
article.

If you need to test the circuit in a con-
trolled way, begin by temporarily replacing
the l.d.r. with a 47k variable resistor
(potentiometer). This will allow you to
control day and night more easily. A low
resistance setting will simulate daytime.
Set the variable resistor to half way, and
press pushswitch S2. Now increase the
resistance to simulate night-time.

TIME LAPSE

The main timing loop takes just under
six minutes per cycle. So when testing, you
need to simulate a night lasting for at least
12 minutes in order to provide a rough
guide as to whether the circuit is working.
Be aware, however, that the time subtract-
ed during summer-time is one hour, and so
either set the circuit to winter-time by clos-
ing switch S3, or allow at least two hours
of simulated night.

If you are programming using PICAXE,
you can speed up the program by about 100
times by reducing the ‘pause 1384 to
‘pause 13", This will allow testing for times
of as little as 10 seconds, though two

minutes or more is recommended to avoid
problems caused by the “summer time
subtraction”. .

Note that the Summer/Winter switch S3
is best set to winter, since a value of “pause
13’ will cause 32 seconds to be subtracted
from the night-time calculation, and this
may cause confusion. Setting S3 to winter,
i.e. closing S3, will prevent the 32 seconds
subtraction. Of course, it S3 has been omit-
ted, then the subtraction will always occur
and you will need to remember that the
switch-off time will be 32 seconds shorter
than expected.

FINAL SETTING-UP

The system is best set up during day-
light, so that pushswitch 82 can be
pressed at dusk. If you have already tested
the p.c.b. as described earlier, then you
can re-set the point at which the lights
switch on either by pressing S2 at an ear-
lier time. or by pressing and holding S2 if
you wish to set a later time. This is
described in detail in the Operating
Instructions panel.

The ldr. should be fixed against the
inside of a window, and should be shaded
against direct sunlight since this will even-
tually damage the device. Avoid a position
in which the l.d.r. may be fully shaded by
somebody walking past. or a position in
which direct light from the headlights of
cars might pose a problem.

The prototype devices proved_fairly
immune in this respect, and street lights
etc., were not a problem. Remember that
the system will only provide an accurate
calculation for switching off the lights, on
the second and subsequent nights.

HOW THE PROGRAM

WORKS

The PICAXE (BASIC) program (called
‘glight10") will be described. The HEX
version, also available for download was
derived from the same original, with minor
alterations (‘glight11’). So, for PICAXE
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(Day) l.e.d. should light.

—OPERATING INSTRUCTIONS

1. During daylight, connect power to the system. The green

on. The system will now measure the length of the night.

2. Wait until dusk, and press Set button S2 at the desired 5. The Summer-Time switch setting (S3) will cause the
moment to switch on the lights. tNote that the anti-bounce
feature of the system may require you to hold the button
for a brief period, before the circuit responds). The yellow
(D3) and red (D) le.d.s should light. Red indicates
Night, and yellow indicates the garden Lights should be 6. Note that both the “lights-on” and “length of night”

settings are saved in EEPROM. Hence if power is lost. or

if you press reset, the settings will be retained.

is not fitted.

3. During the first night, the garden lights will stay on for
around 4 to 3 hours. but the fellowing night the garden 7. CHANGING THE SETTINGS
lights will switch on as set the first night, and will stay on
until around midnight (i.e. half the length of the night).

4. Switch the lamps off at any time by pressing S2 until the
yellow l.e.d. (D3) switches off. Release S2 immediately.
Note that the system will continue to measure the length
of the night. If you do not release S2 immediately, the

green l.e.d. will light indicating that you have reverted to
daytime. The previous night’s length will be retained.

lights to switch off one hour earlier, i.e. at midnight
during summer time. This is the default setting i.e. if 83

@ To set the lights to switch on earlier: Simply press S2 at
the desired moment.

® To set the lights to switch on later: At the required
moment, press and hold S2 until the system toggles to
daylight (green l.e.d.) then back to ‘lights on’.

use ‘glight10’, but il you wish to use a
conventional programmer, then use the
hex file provided.

We cannot provide an assembly code
listing of the hex version since this
would break copyright rules, as each
line of BASIC is converted to an
assembly sequence designed by
Revolution Education. If you wish to
convert from BASIC to assembler it is
necessary to buy a (modestly priced)
Revolution Education programmer.
Note however that certain lines in the
BASIC listing are not supported by the
conversion process, e.g. ‘divide by 2’
and ‘readadc’.

PICAXE-18 BASIC
LISTING

The program begins with the command
‘start:” followed by some settings read
from EEPROM. Hence if the circuit is
switched off. the settings will be retained.
The value of b3 (light level) will be zero
initially, but an initial value of zero for b4
(length of night) will cause an error. hence
b4 is made 50 when the circuit is first
switched on.

When the ‘dark:’ loop is entered, the
green l.e.d. is switched on (high 6). The
program reads the light level at input RAO
(readadc 0.b0)) and places the result in vari-
able bO). If this value is less than the stored
value (b3) then the lights are switched on,
otherwise the program loops back to
‘dark:’.

If input RAL is made high by pressing
S2, the program jumps to ‘hold:’. This
copies the value of b0 into the variable b3.
It also writes the value into EEPROM
memory allocation 0 (write 0,b3). Hence
the value set will always be remembered,
even during power loss.

The label ‘switen’ switches on the
lights (high 7). The system then enters (wo
loops. ’loopl:’ and ‘loop2’. The combina-
tion of the two loops allows the system to
time for up to 24 hours, yet still check at
roughly one-second intervals, whether S2
has been pressed. (Interrupts as used in
assembly code are not available with
PICAXE devices; hence the switch must
be checked repeatedly within the loop).

The system now times the length of the
night from the point at which the circuit
registered dusk, to the same light level at
dawn.

‘Loop2:’ simply counts from 0 to 250,
pausing 1-384 seconds per loop. It also
turns on the red l.e.d. (high 5). reads the
light level to check for dawn, and
checks whether S2 has been pressed.
After 250 loops it returns to ‘resetb2?’
and variable bl is incremented. If bl
exceeds the value of b4 then the system
jumps to ‘switoff:’, and the lights are
turned off.

Once the light level at dawn is equal to
the dusk level set the previous evening (b3)
then the program will jump to ‘setb4:’.
Now the lights are switched off (if they
haven’t already been), and variable b4 is
set to half variable bl. Hence the length of
the night (bl) is halved so that the lights
will switch off at midnight in future.

A manual over-ride is provided,
whereby, if S2 is pressed, (pinl = 1)
before the automatic switch off time, the
system will jump to ‘switoff’, so that the
garden lights are turned off, then allow-
ing the system to return to ‘loop2:” and
continuing the timing operation. If S2 is
held down, the system will jump to
‘delay:” which reverts back to the day-
light loop without measuring the length
of the night.

SUMMER/WINTER

An error occurs during summer time,
where the point at which the lights would
turn off is | a.m. since this is half way
through the night. Hence the line ‘let b4 =
b4-10’ reduces the value of b4 by | hour to
correct the error. However, in winter time
the error does not occur and so if switch 83
is closed (pin7 = 1) the system jumps over
the ‘let b4 = b4-10’ command.

The value of b4 is written into EEP-
ROM memory allocation 1 (write 1,b4).
Hence if power is lost, or reset is pressed,
the system will still remember the length
of the night.

POWER CUTS

The program has been designed for
“power-up” during daytime, and if a power
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cut occurs during the day, the light and
night-length settings stored in EEPROM
will ensure normal operation when power
is restored. However, if power is restored
at night, the system will calculate the
night-length from the moment of power-
up, O causing an error.

Hence, variable b6 is used to inform the
program whether power is restored during
daylight or night. If power-up occurs dur-
ing the day, the ‘dark:’ loop will cause b6 to
be set to 1. If power up occurs at night, b6
will remain at 0, and at the label ‘setb4:’ the
system will skip back to ‘dark’ without set-
ting b4. Therefore, the previous night's cal-
culation will be used for the following
night.

RESOURCES

The hex file can be used by readers to
program PIC16F627 devices, using their
own PIC programming hardware. It
should be noted, however, that readers
who wish to modify the BASIC program
to suit their own requirements need to
use the PICAXE programming software
and serial lead that is available from
Revolution Electronics, Dept EPE,
4 Old Dairy Business Centre, Melcombe
Road, Bath BA2 3LR. Tel: 01225
340563. Email: info@rev-ed.co.uk.
Web: www.rev-ed.co.uk. (This software
is not available from EPE). They also
supply blank PICAXE-18 microcon-
trotler i.c.s.

The BASIC and hex files are available
for free download from the EPE ftp site.
This is most easily accessed via the main
page of the EPE web site at www.epemag.
wimborne.co.uk. At the top is a click-link
saying FTP site (downloads). click it then
click on PUB and then on PICS, in which
screen you will find the Garden Lights
folder.

The software can also be obtained on
3.5-inch disk (Disk 6) from the Editorial
office. There is a nominal handling
charge to cover admin costs. Details are
given on the EPE PCB Service page. and
in this month’s Shopralk, which also
gives details about obtaining pre-
programmed PICs.

U
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New Technology

EMORY 1s one of the major elements

in today’s electronics scene.
Equipment from mobile phones to games
consoles, and PC cards to organisers all
use increasing amounts of memory.

One area in which several strides for-
ward have been made in recent years is
for system-on-chip (SoC) designs.
Already the level of memory usage in
these highly integrated devices has
grown considerably and this means that
the spotlight is firmly fixed on this area
of the technology.

More For Less

Most of the designs for these systems
use memory cells that employ the tradi-
tional six transistor SRAM cell. So great
was the demand for memory that an SoC
design typically utilised over 20% of its
area purely for memory.

In response, a company named MoSys
developed a new memory cell in 1998
that used only one transistor. Named 1T-
SRAM, it has many similarities to a
dynamic RAM (DRAM) having only a
single transistor in its topology.

As it has fewer transistors in the basic
cell, IT-SRAM technology gave a two-
fold improvement in density. This was a
particularly valuable improvement as it
enabled much better utilisation of the
chip area. It also gave, it is claimed, cost
reductions of between 50% and 70% as it
used some metal layers rather than all
polysilicon ones.

With the large costs involved in intro-
ducing new processes into semiconduc-
tor manufacturing plants, the fact that
traditional CMOS processes can be used
is of considerable importance.

A further advantage of the 1T-SRAM
technology is that it requires less power
than the traditional six transistor SRAM
cells. Tt uses around 75% less power, a
factor that is very beneficial. Not only
does it mean that there is less drain on
the power supplies, an important factor
in many of today’s designs, but it also
assists in the design of the chips as less
heat has to be removed.

The memories maintain compatibility
with other memories and architectures
through the use of the familiar SRAM
interface. The MoSys system of parti-
tioning the memory into large numbers
of small banks allows the refresh cycle to
take place transparently in the back-
ground. By providing a cache, even the
banks that are frequently accessed can
function in this mode. This enables a
very fast random cycle performance with
low power consumption, and full com-
patibility with standard logic processes.
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Improved fabrication processing promises
increased memory cell capacity. lan Poole reports.

The next stage in the development of
the technology was to provide an even
lower level of power consumption. This
was achieved at the beginning of 2001
with the introduction of their IT-SRAM-
M. This development introduced a leak-
age suppression circuit that enabled a
standby current of only 10 microamps
per Megabit of memory to be achieved.

With the rapid increase in demand for
this type of memory, further develop-
ments were made in 2002 when a new
improvement to the technology was
launched. Called 1T-SRAM-R it includ-
ed further features including a new tech-
nique called Transparent Error
Correction. This is a patented MoSys
development that enabled repair during
manufacture, or a slower self repair at
power up.

Latest Generation

The latest stage in the evolution of this
memory technology has been achieved
with the introduction of the new MoSys
1T-SRAM-Q memory. This development
provides four times the density of normal
six transistor SRAM and is still able to
provide excellent scaleability to future
nanometre scales.

The new technology achieves its per-
formance by “folding” the capacitor in
the basic memory cell as shown in Fig.1.
Using this technique it is possible to
reduce the size of the basic memory cell

CAPACITOR

o1 [
(S

WEI

A) 1T - SRAM

A=

WELL

B) 17-sram @

Fig. 1. Comparison of the new cell with
the folded capacitor and previous
generations

whilst still providing the same charge
storage as in the previous 1T-SRAM
capacitor.

The new technology offers further
improvements by providing an improved
ratio of stored charge to parasitics. This
enables a much better signal-to-noise
ratio to be achieved that ultimately
results in fewer data errors.

The smaller capacitor also results in an
improved ratio of stored charge to cell cir-
cuitry giving a reduced level of power con-
sumption. The shorter wires, fewer para-
sitics and lower voltage all result in lower
levels of power dissipation. As a result the
overall power consumption of the cell can
be reduced without impacting on its speed
or reliability.

The new folded capacitor results from
the use of a new capacitor topology.
Rather than just stretching it horizontal-
ly, the capacitor is extended in the verti-
cal plane.

An additional mask is used in the fab-
rication process, along with two addi-
tional steps to etch a well in the shallow
trench isolation layer. This well is then
filled with polysilicon. Oxide forms nat-
urally, bending the horizontal capacitor
plate down into the well.

The capacitor retains a large effective
area, even when the cell structure is
scaled down. It has also been shown to be
very robust, a critical feature in memory
applications. This issue could have been
of concern because bends in the plate
could increase the electric field to a point
where breakdown might occur.

Optimistic

The process has been optimised so that
the additional etch and implant steps
occur before the transistors are fabricat-
ed. This is an important feature because
it means that the active devices do not
undergo any additional thermal cycles.

Thermal cycles affect the performance
parameters of the transistors and accord-
ingly the development engineers have
been very confident that the new process
has not had any impact on the perfor-
mance of the basic cell.

Although two additional steps are
required in the fabrication process this
only adds about 5% to the manu-
facturing cost. Against this, the ‘size
reduction means that the overall costs
fall, typically by about 25%. This is a
real achievement in today’s semicon-
ductor industry where much smaller
cost improvements are seen as major
breakthroughs.
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This month we explain how to read circuit diagrams and suggest a CMOS op.amp

Circuit Guide

Can anyone recommend a really good
book that deals with how to follow and
understand circuit diagrams? This is
needed for some GNVQ coursework.
Thanks from Jokn. Posted in the EPE Chat
Zone message board (www.epemag.
wimborne.co.uk)

Circuit diagrams often bemuse new-
comers to electronics. Experienced con-
structors can read them like a book and
after tracing a few lines around with finger
and thumb, they quickly get to understand
the “plot”.

To beginners and novices though, a cir-
cuit diagram can be all but incomprehensi-
ble, so in this month’s Circuit Surgery we
start a short mini-series on how to interpret
electronic circuit diagrams, highlighting
some of the pitfalls that trap beginners
along the way.

Tour Guide

A circuit diagram is actually nothing
more than a road map. If towns and cities
are electronic components, then the lines
on a map that represent the roads are sim-
ply electrical conductors — the wiring and
interconnections that join everything
together properly.

In electronic terms, we can join compo-
nents together ir. two ways. We can use a

Left, panel (chassis) mounting rotary potentiometer, top
right: enclosed preset, open (skeleton) preset, multiturn,

side adjust, preset ‘“resistors”.
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solution for a reader’s application.

printed circuit board (p.c.b.) to carry most
of the components, and the copper tracks
on the board are then specially designed to
connect the components together into a
circuit.

Take a look through any of the project
pages of EPE and you will see a wide vari-
ety of p.c.b. patterns, each created special-
ly by the project’s designer, probably using
computer software. A p.c.b. does most of
the hard work for you, and takes away
much of the guesswork of assembly.

The second way of connecting parts
together is obviously to use ordinary cop-
per wire. This is necessary to connect
printed circuit boards to any larger off-
board components (e.g. controls or plugs
and sockets) in a process often called
“interwiring”. Obviously, entire circuits
could be built by using wire conductors,
but a printed circuit board is far more
compact and reliable, and offers a much
higher chance of the circuit working first
time.

Road Sense

In circuit diagrams, conductors are repre-
sented by solid lines — just like the roads on
a road map. The lines in a circuit diagram
are therefore the copper tracks on a p.c.b.
or the wires that interconnect parts to each
other. One problem with circuit diagrams,
however, is that we cannot tell whether the

solid line is the equivalent of a motorway
or just a narrow country lane: they are only
shown as conductors (roads)!

We have to read the diagram to see
whether a conductor is carrying a small
audio signal, or whether it's driving a
heavy mains voltage load, or carrying vast
amounts of high-speed data. The difference
is critical when it comes to assembling a
project, because we have to ensure that the
correct type of cable or wire is used, that it
is routed properly and that adequate insula-
tion is used where necessary.

So the first point to bear in mind is that
circuit diagrams cannot show all the prac-
tical information that we might need dur-
ing construction: circuit diagrams are just
two-dimensional schematic, to show
which parts are connected where! You
should therefore read the entire project
details and components list carefully, not-
ing any unusual practical requirements
along the way. (In Shoptalk, we give you
any important buying tips or late-breaking
news, and it should always be checked
carefully.)

Missed a Blobby

The amusing but anarchic character “Mr.
Blobby” is known on UK TV for causing
chaos and damage, and that is exactly what
happens in an electronic circuit when we
get our wires crossed (literally).

A selection of high power resistors. Note the aluminium
heatsink and the tab heatsink on the top two resistors.
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To get a feel for how a circuit diagram
can be read, in Fig.] we have drawn some
electronic components as boxes in a simple

diagram. Their terminals are clearly
labelled as 1, 2 or 3. The diagram RESISTORS
illustrates how lines in a circuit diagram —ANN— —MNM—
represent conductors, and how to show a T x
junction (when conductors are joined
together).

First, we can say that components A and = = =
B are in parallel with each other, because - J— —_J— _%
they are connected “across” each other like FIXED | S—
the rungs of a ladder. Components C and D RESISTOR e joonzire Tz
are in series with each other, because a RESISTOR (VARIABL STOR)
conductor is used to join terminal 2 of com-
ponent C to terminal 1 of component D.

Then another part, component E, has
been added as shF())wn. Its tgrminal 1 con- CAPACITORS
nects to terminal 1 of components A, B and
C, 50 two blobs (labelled “A” and “B") are o whe on o on
used to show that these conductors are all CAPACITOR W T
joined together. Terminal 2 of component VARIABLE
E is connected with a conductor directly to GARACTIOH
terminal 3 of component D. Lastly, termi- eectrovTic +l L prEsET
nal 3 of E goes directly to terminal 3 of ) . *\ (TRIMMER)
component B.

It is easy to see how lines can therefore

\

J

be drawn to show how components are
linked together with conductors. Note how

5
1
COMPONENT
1 1 c 1
COMPONENT COMPONENT |2 2 34 COMPONENT
A B 1 E
N e component |2 2]
D
B
A) 1
B) 1 D) I OR
Q) _l_

Fig.1. How to read a circuit diagram (see text). (a) conductor,
(b) joint, (c) conductors cross but do not join, (d) preferred
way of showing off-set multiple conductors joining together.

In industry, either
American ANSI stan-
dards or ISO/British
Standard symbols will
be seen, so we have
shown some common
variations. Note that
EPE always uses the
zig-zag symbol for
resistors: elsewhere an
equally correct rectan-
gle symbol may be
used.

Capacitors can also
be shown in several
ways; EPE uses the
rectangular version as
shown, but elsewhere
a curved line is com-

a blob shows a joint, while the absence of
a blob when lines cross over means the
conductors do not join together. There-
fore, terminal 3 of component E does not
connect to either C or D; it only connects
to component B. Pin 2 of Components A, B
and D are all joined together, hence the
single blob labelled “C".

If we have two components joined
directly together (e.g. C and D), we never
show the component joints themselves

maonly seen, especial-
ly on semiconductor data sheets and appli-
cation notes. Some capacitors are polarity-
sensitive, so a plus-sign will be shown
accordingly.

Next month, we will illustrate more con-
ventions used in schematic symbols
including popular semiconductor devices,
possibly looking at more advanced circuit
schematics as well. ARW

with blobs because it’s unnecessary. But
when a conductor is joined to another (say
by a solder joint or a screw terminal), the
junction is clearly signified by a blob. The
circuit diagram doesn’t usually tell us what
sort of wire to use, nor how thick, short or
long the conductors should be: you have to
read the article to find out.

Highway Code

When it comes to describing electronic
components themselves — the towns and
cities on our road map — then schematic
symbols are used to represent them in a cir-
cuit diagram. In the first of the “File

Fig.2. A selection of popular circuit symbols for resistors and capacitors.

_ gy
i e

D 2.

Example fixed carbon film resistors
(top to bottom): 1 Watt, 0-25W, 0-5W.

Dream On

Our thanks to Noel Harvey who emailed
us about our 10-part educational series
Teach-In 2002 and our response to an ear-
lier query regarding single supply versions
of op.amp circuits. We are pleased to hear
that our advice proved to be useful. Noel
writes:

Revisiting Teach-In 2002, thank you for
your response to my query (Circuit
Surgery, Nov '02, page 790) and especial-
ly the reference to Ron Mancini’s
Application Note. Yes, the single sided

panels”, Fig.2, to be included with this
mini-series, we have set out some of the
circuit symbol options used in EPE for
resistors and capacitors.
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Polarised electrolytic capacitors, first
two have ‘radial” leads and the third
“axial”.

A small selection of non-polarised
capacitors plus a miniature, p.c.b.
mounting trimmer capacitor.
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supply LM741 was extremely difficult to
work with, especially in obtaining d.c. shift.

Changing to the TLV2472 has been a
dream come true, no problems with either
amplification or d.c. shift. One tip for other
readers though, as fixed resistors are only
available in widely spaced values, using
good quality trimmer resistors in series
with them in the feedback and reference
voltage circuits enables one to tune the
lower and upper amplification limits exact-
ly (250mV and 4-75V in my case).

Regarding sensors though, your input on
the following would be appreciated. Assume
that one wishes to accurately measure the
water level of a pond using a 5 kilohm volt-
age divider (RS Components Stock No. 319-
310 “Rotary Position Sensor”). Obviously,
there would be wind driven wavelets (irreg-
ular oscillations). Is there a simple method
of designing an op.amp circuit to electrical-
ly dampen the effect of the ripples, so that
the final meter reading is steady, without
having to resort to a PIC?

Basically you require a low pass filter.
The waves due to the ripples on the pond
have a particular frequency (or range of
frequencies), but this will be somewhat
higher than the rate of variation of water
level due to rain or evaporation. To design
the filter, you need to know the approxi-
mate lowest frequency of troublesome
ripples and the highest rate of change in
water level that you would be interested in
monitoring.

Ripple Effect

The frequency of the ripples relates to the
time it takes for the water level to go from
a peak to the next peak at a particular loca-
tion. This is the period of the wave; its rec-
iprocal (one divided by this value) gives us
the frequency.

TLV2472
(TOP VIEW)
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Fig.3. Pinout information for the Texas Instruments TLV2472 dual op.amp and the

TLV2473 with a shutdown (SHDN) feature.

As an example, you may observe that the
slowest ripples have a period of 4 seconds,
or 0:25Hz. Let’s assume that the fastest
level changes you are interested in would
have a cycle time of say 4 hours, which is
about 0-00007Hz. Then you need a filter
that cuts frequencies above 0-25Hz, but
passes those at 0-00007Hz.

As these frequencies are widely separated
you do not need a high order filter, and a sim-
ple first order RC filter should suffice. This fil-
ter can be driven from an amplifier or buffered
version of the sensor signal, after which you
can level shift to the required output range.

Interesting Family

For the benefit of other readers, the
TLV2472 is part of a very interesting fami-
ly of CMOS rail-to-rail op.amps from
Texas Instruments. The TLV247x chips
contain 1, 2 or 4 op.amps, with each size
available with a shutdown option during
which the supply current is only 350nA per
op.amp on a 3V supply.

The TLV2472 chips operate on supply
voltages from 27V to 6V, and are low

power devices taking only 600uA per
op.amp during operation. The outputs can
swing to within 180mV of the supplies
while driving up to 10mA into the load, and
up to 35mA drive is available if rail-to-rail
output operation is not required. Both
inputs can swing rail-to-rail during normal
operation; we covered the importance of
this to single supply use in the Nov 02
issue.

Other similar single supply op.amps from
Texas include the TLV245x family, which
offers lower offsets and lower power con-
sumption, but less bandwidth than the
TLV247x chips. Also there is the TLV246x
family, which has higher output drive capa-
bility. You can learn more by checking the
Texas Instruments web site (www.ti.com)
and search for that part number from their
home page.

The pinout of the TLV2472 used by Noel
Harvey, which is the twin-op.amp member
of the TLV247x family, is shown in Fig.3.
Also shown is the TLV2473, which is the
version of TLV2472 that has the shutdown
(SHDN) controls. I.M.B.
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INTER . C

Robert Penfold

UPDATE ON DIRECT CONTROL OF PC SERIAL LINES USING MSCOMM

THE previous Interface article covered
the subject of using the serial port
handshake lines in conjunction with the
MSCOMM ActiveX control. This pro-
duced a few emails from around the
world pointing out that the article had
been a bit “economical with the truth”. It
seems that MSCOMM can indeed do
rather more than was suggested in the
last article.

Thanks to those who took the time to
send in details of the extra facilities that
are available. In this article we will try to
put the record straight, and provide more
details about the use of MSCOMM with
the handshake lines.

State Monitorin§

As correctly pointed out in the previous
Interface article, it is possible to count
pulses applied via the handshake inputs.
They can also be used as edge triggered
inputs with certain transitions being
detected.

However, it was incorrectly stated that
there was no way of reading the state of
these lines. It is in fact possible to do so,
and for some applications it would be bet-
ter to use this method of monitoring the
handshake inputs.

To be more precise, it is possible to
read the input state of three of the hand-
shake inputs. The lines in question are
CD (carrier detect), CTS (clear to send),
and DSR (data set ready). As far as can be
ascertained, there is no facility for read-
ing the state of the RI (Ring Indicator)
input.

These input lines are read using the fol-
lowing functions:

Line Function
CD CDHolding
CTS CTSHolding
DSR DSRHolding

All three return True as the value if the
relevant line is high (+12V) or False if it is
low (-12V).

To try out these functions place a label,
MSCOMM, and a timer component onto
a form. Make the label quite large, set a
large font such as 24 point so that it is easy
to see, and delete the default caption in
the Properties Inspector.

Use the Properties Inspector to set a
short Interval value for the timer compo-
nent, such as 20ms or 25ms. MSCOMM
will use COM1 (serial port 1) by default,
so use the Properties Inspector to set the
CommPort value at 2 if you wish to use
COM2.

CTS Input

The following two short routines for
the form and the timer are all that is need-
ed to make the label show the state on the
CTS input:
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Private Sub Form_Load()
MSComm1.PortOpen = True
End Sub

Private Sub Timerl_Timer()

If MSComm1.CTSHolding = True Then
Labell.Caption = “"High”

If MSComm1.CTSHolding =
Then Labell.Caption = "Low”

End Sub

False

The single line of code in the subrou-
tine for the form simply switches on the
serial port. The routine for the timer uses
two If..Then instructions to check the
state of the CTS line and set the correct
caption on the label component.

The first one sets the caption as
“High” if the returned value from
CTSHolding is True. The second one sets
the caption as “Low” if the returned
value is False. As there are only two pos-
sible values this could actually be
reduced to a single If..Then...Else
instruction if preferred.

S =inlx)

Low

Fig.1. Unconnected handshake inputs
normally drift to the low state.

When the program is run, the label will
almost certainly indicate that the CTS
input is Low (see Fig.1). Serial port inputs
do not usually have any pull-up or pull-
down resistors, and simply drift to about
zero volts with no input signal.

Practically all serial ports interpret zero
volts, or anything less than about one
volt, as a low input level. The nominal
input levels for an RS232C serial port are
*12V, but applying anything from about
+3V to +15V to the CTS input should be
sufficient to change the reading on the
label to High.

Driving the CTS input with normal
logic levels from (say) the parallel port
will probably be sufficient to produce a
change in the reading from the pro-
gram. Alternative methods are to use a
9V battery in series with a one kilohm
(1k) current limiter resistor, or to simply
use one of the serial port’s handshake
outputs set to the high state. Whatever
the signal source, the caption on the
label should change to “High”, as shown
in Fig.2.

Substituting CDHolding or
DSRHolding for CTSHolding in the
appropriate two lines should make the
program respond to the CD and DSR
lines respectively. Being able to monitor
the state of these three input lines is cer-
tainly a useful feature, but it does not nec-
essarily represent the best way of doing
things. The method of monitoring
described in the previous Interface article
is often preferable for applications that
require pulse counting or a hold-off until
a certain transition occurs.

Additional Output

I am grateful to Muhammad Asim
Khan for pointing out that there is actual-
ly a third output available from a PC seri-
al port. There are only two handshake
outputs, which are DTR (data terminal
ready) and RTS (request to send).
However, it is possible to use the TXD
(Transmission Data) line to act as a third
output.

It can be controlled via
MSComm Break, which is set to True in
order to set the TXD line at +12V, or False
to set it at ~12V. Of course, transmission
from this line in the normal manner is not
possible if it is controlled directly.

This extended version of the previous
Frogram demonstrates the use of this
acility:

Private Sub Command1_Click()
MSComm1.Break = True
End Sub

Private Sub Command2_Click()
MSComm1.Break = False
End Sub

Private Sub Form_Load()
MSComm1.PortOpen = True
End Sub

Private Sub Timerl_Timer()

If MSComm1.CTSHolding = True Then
Labell.Caption = “High”

If MSComm1.CTSHolding = False
Then Labell.Caption = “Low”

End Sub
s e laix)

High

Fig.2. Taking the CTS input to +9V has
produced the correct response from
the program.
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Two buttons must be added to the
form, and these have the captions
changed to “High” (Commandl) and
“Low” (Command 2). The default text
size is a bit small so it is advisable to
increase the font size to about 18 points.
This gives something like Fig.3, which
shows the program in operation.

Left-clicking the High button sets
MSComm]1.Break at True, and the TXD
output at +12V. MSComm1.Break is set to
False when the Low button is operated,
which sets the TXD output at -12V.

The easiest way of checking that the
TXD output is changing state is to couple
this pin to the CTS input of the serial port.
With a 9-pin serial port it is easy to con-
nect these two pins by fitting a miniature
crocodile clip over them. Connection
details for the 9-pin and 25-pin versions
of a PC serial port are shown in Fig.4.

With this link in place, the label’s cap-
tion should change each time the output
state is changed using the two buttons.
The label will revert to the default Low
reading with the link removed, and the
buttons will then have no effect on the
label.

Online Library

It is possible to control the state of the
TXD output line, so is it possible to read
the state of the RXD (Receiver Data) input
line? Reader Jerry McCarthy provided
this useful link to the MSCOMM page of
Microsoft’s online library:

http://msdn.microsoft.com/library/
default.asp?url=/library/en-us/comm98/
dt_vbobjComm_Pasp

This page provides a full list of the
MSCOMM functions, with a link to a brief
description and further information for
each one. There does not appear to be
anything in the list that permits the RXD
input line to be directly monitored.

I have not gone through all the bits of
the 16550 UART’s registers, but it seems
likely that this facility is not in its reper-
toire. Anyway, four inputs and three out-
puts might seem meagre compared to the
parallel port, but there is still plenty of
scope for simple applications such as
relay and motor control.

Big Advantage
ore ambitious projects should also be
possible. With standard UARTs such as

ar

Fig.3. The modified program will read
back the level set on the TXD output
line.

the 6402 now “a bit thin on the ground” a
simple synchronous interface to serial
DACs, ADCs, and shift registers is per-
haps a more practical approach than
inputting and outputting data in the con-
ventional manner.

Interfacing (say) a 12-bit serial DAC and
an 8-bit serial ADC to a serial port should
not be too difficult. Bear in mind that
most modern PCs have two serial ports,
neither of which are actually used any
more. Two serial ports provide a total of
eight inputs and six outputs. Used in the
right way, these give massive scope for
interfacing projects to a PC.

MSCOMM might have its limitations,
but it does have the big advantage of
working with any 32-bit version of
Windows, including Windows 2000 and
XP. With many PCs now supplied with
Windows XP rather than Windows ME
installed, this is increasingly important.
Remember that the MSCOMM ActiveX
control must be available to the compiled
programs that make use of its facilities. If
your version.of Visual BASIC came com-

lete with MSCOMM, then you are
icensed to use and distribute it with your
programs.

Limitation

The main limitation of using
MSCOMM and the serial ports is that
data cannot be input or output at high
speed. High speed serial interfacing
requires input/output frequencies of
many megahertz. Ordinary serial chips
and line drivers/receivers are not intend-
ed for operation at anything approaching
that sort of rate.

An RS232C serial port can output data
at up to about 10 kilobytes or so per

6:66355600000
000000000000
\

'

Fig.4. Connection details for 9-pin and
25-pin PC serial ports.

second when used conventionally. It
might be possible to go slightly higher
than this when using the handshake lines
in a synchronous serial link, but a vast
improvement is unlikely. Fortunately,
there are many applications that do not
require transfers at more than about 10 or
20 kilobytes per second.

Ordinary logic outputs will usually
drive RS232C inputs successfully. At
worst the add-on will simply fail to
work.

When designing serial port projects it is
essential to bear in mind that the output
voltages from an R5232C could potential-
ly zap many devices that are intended for
use with 5V logic levels. Also, bear in
mind that the actual output voltages can
be somewhat more than the nominal
+12V volt levels, which are more than
adequate to damage many logic chips

anyway.

Interfacing the serial port lines to ADCs
and other devices that operate at normal
logic levels will be covered in the next
Interface article.
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TUTORIAL V2

JOHN BECKER PART ONE

the easiest
low-cost

way to learn
about using

PIC

Microcontrollers!

WHAT IT’S ALL ABOUT

T the time that the original EPE PIC Tutarial was published in March to
A May 1998, letters and phone calls to EPE had been showing that interest

in Microchip’s PIC microcontrollers had become intense.
Many readers were asking for more information on how to use
these devices in designs of their own invention.

In the words of one reader, “I find the PIC data sheets
too skimping on everyday detail, and the published
software too complex. Please show me how to get to
grips with the essence of PICs. Tell me, step-by-
step, how to get started with writing simple
programs, how to just turn on a single light
emitting diode, for example. Then take me

This CD-ROM
requires

forward from there.” B il —
It was to meet this demand that the original Acrobat Reader v5.05 EPE PIC
is inzluded

EPE PIC Tutorial was published. Its success
resulted in a CD-ROM version being produced
commercially as PICtutor, complete with its own
ready-built development board. Recently that
version was upgraded to become Assembly for PIC RESOURCE
PICmicro V2 along with its Version 2 PICmicro MCU
board (see elsewhere in EPE for details). Many thousands
of people have learned to program PICs through these
several versions.

However, we frequently receive requests from readers for PIC
programming education that is available at minimal cost. The
aim of this three-part EPE PIC Tutorial V2 series is to
do just that. as detailed more fully on the next
two pages. In a nutshell. though, it gets
you inexpensively started with ;
PICs, and does so

“step-by-step”.

on the CD-ROM.

TUTORIAL V2

01202 873872

© Wimborne Publishing Ltd 2003
www.epemag. wimborne.co.uk

PIC TOOLKIT TK3
AND ITS VERSATILE
BOARD SHOW YOU HOW!
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THIS REVISION

Over five years on from the publication
of the original EPE PIC Tutorial, a number
of things have changed, yet at the same
time the basics of programming PIC
microcontrollers have not.

This revision is thus a mixture of the old
and the new. The old aspect is that the com-
mands used to program PICs remain the
same. The new aspects, though, are several:

The original EPE PIC Tutorial illustrat-
ed its example programs in a programming
dialect known as TASM. This dialect is
usable with a variety of tables whose con-
tents can be modified to suit many types of
microcontroller and microprocessor. It had
been modified to suit PICs by reader
Darren Crome.

This revision now has its programming
examples written in Microchip’s own PIC
programming dialect, MPASM. This dialect
is the “industry standard” and thus has far
wider appeal than TASM, although the basic
differences between the two are slight.

Secondly, the original EPE PIC Tutorial
concentrated on the now-obsolete
PIC16C84 as being the target device. This
microcontroller effectively became replaced
in 1997 by the pin-for-pin compatible
PIC16F84, which is an equally excellent
device to use to illustrate PIC programming
techniques. More recently the PIC16F84A
has arrived on the scene. The PIC16F84 and
PIC16F84A (two of the devices in the
PIC16F8x family) can be used interchange-
ably in this EPE PIC Tutorial V2 (referred
to from now on as the Tutorial).

FAMILY MATTERS

Once you know how to program a
PIC16F84 you are well equipped to write
programs for other PICs, although there are
some minor differences in the way that the
various PIC families handle some of the
same functions.

Apart from the PIC16F8x family, two
other PIC families are eminently suited to
hobbyist constructors, notably the
PIC16F87x and PICI6F62x families
(although they are not immediately suited
to this Tutorial). However, in the final part
of this three part series, basic differences
between the way that the PICI6F8x,
PIC16F87x and PIC16F62x families do the
same thing are highlighted and the Tutorial
programs can be readily modified to run on
these devices. Examples of some useful
routines specific to the PIC16F87x family
are included.

It is stressed, though that this Tutorial
does not attempt to be a full tutorial on
every aspect of the three families. Nor does
it examine specific aspects of some other
PIC families whose functions are more
advanced than most readers probably
require.

Also, the Tutorial does not teach the use
of Microchip’s MPASM and MPLAB pro-
gramming software, and it does not cover
any PIC variant or dialect that is pro-
grammed in versions of BASIC.

An important aspect of this revision is
that it has been designed for use with the
EPE PIC Toolkit TK3 printed circuit board
and software (published Oct/Nov 2001),
both of which, plus their two texts, you
need in order to get full benefit from this
Tutorial. See the Resources panel for
details of obtaining them. Note that these

2 — PIC Tutorial V2 Supplement

A special composite EPE PIC
Resources CD-ROM has been produced
to accompany this series. It includes the
Tutorial software for the entire series,
EPE Toolkit TK3 software, complete
reproductions of the TK3 texts of
Oct/Nov '01, Using TK3 with Windows
XP and 2000 (Oct ’02) and a broad selec-
tion of PIC-related articles published in
EPE over the last several years and
which illustrate practical examples of
various advanced programming func-
tions and techniques. Some unpublished
articles are included as well. The full list
is given elsewhere in EPE.

Alternatively, software for TK3 and
this Tutorial can be downloaded free from
the EPE FTP Site. Disks for both sets of
software (CD-ROM for TK3, and 3.5in
disk for this Tutorial) are also available

RESOURCES

from the EPE Editorial Office. Back
issues (or photocopies) or Back Issue
CD-ROM s of published texts can also be
purchased (see the Back Issues page).

The EPE FTP Site is most easily
accessed via the main page at
www.epemag.wimborne.co.uk. Click
on the FTP Site (Downloads) option at
the top, then click down the paths
pub/PICS then select PIC Tutorial V2 or
Toolkit TK3.

The printed circuit board for TK3 is
available from the EPE PCB Service,
code 319. Note, you will require the
relevant back issues or the EPE PIC
Resources CD-ROM to be able too build
this.

See the EPE PCB Service page for the
price and ordering details of the disks
and p.c.b.

are included on the EPE PIC Resources
CD-ROM. From hereon the software and
p.c.b. are jointly referred to simply as TK3.

It should be noted that 7K3 was written
to run under Windows 95, 98 and ME. To
run it under Windows NT, XP and 2000 the
software must be used as described in
Mark Jones’ article Using TK3 with
Windows XP and 2000 of Oct *02. This
article is also carried on the EPE PIC
Resources CD-ROM.

In keeping with the original Tutorial, we
assume in this series that you have no pre-
vious knowledge of PICs and their pro-
gramming. We thus start as we did before,
by explaining the basic nature of a PIC
microcontroller.

WHAT IS A PIC?

A PIC chip, in this context, is a micro-
controller integrated circuit manufactured

maz [1 ] O\/

Aa3 2] 17 | RAO
RA4TOCK! 3 |
v [+
ono [ ]

RBOU/INT | 6 13 | RB7

18 | RA1

16 | OSCI/CLK IN
15 | OSC2/CLK OUT

14 | +VE

RB1 [Z 12| RBS
RB2 E I] REBS
RB3 E 10 | RB4

Fig.1. Pinouts for the PIC16F8x family.

by Microchip. When asked about the name’s
origin, Microchip’s Technical Department

35 single-word commands (see

Table 1)

1K x 14-bit EEPROM program
memory

68 x 8-bit general purpose SRAM
registers

15 special function hardware registers
(see Table 2 later)

64 x 8-bit EEPROM data memory

1000 program memory erase/write
cycles (typical)

10,000,000 data memory erase/write
cycles (typical)

Data retention >40 years

5 data input/output pins, Port A

8 data input/output pins, Port B

25mA current sink maximum per pin

20mA current source maximum per
pin

80mA maximum current sunk by
Port A

50mA maximum current sourced by
Port A

150mA maximum current sunk by
Port B

100mA maximum current sourced by
Port B

Total power dissipation 800mW

8-bit timer/counter with 8-bit
prescaler

BASIC PIC16F84 SPECIFICATIONS

Power-on reset (POR)

Power-up timer (PWRT)

Oscillator start-up timer (OST)

Watchdog timer (WDT) with own
on-chip RC oscillator

Power saving Sleep function

Code protection

Serial in-system programming

Selectable oscillator options:

RC: low cost RC oscillator

XT: standard crystal/resonator
(100kHz to 4MHz)

HS: high speed crystal/resonator
(4MHz to 10MHz) (to 20MHz for
"F84A)

LP: power-saving low frequency
crystal (32kHz to 200kHz)

Interrupts:

External, RBO/INT pin

TMRO timer overflow

Port B RB4 to RB7 interrupt on
change

Data EEPROM write complete

Operating voltage range: 2-0V to
6-0V (to 5-5V for "F84A)

Power consumption:
<2mA @ 5V, 4dMHz

15uA typical @ 2V, 32kHz
<1uA typical standby @ 2V
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TUTORIAL CONCEPTS EXAMINED

TUTORIAL 1:

Minimum commands needed
Port default values
Instruction ORG

Instruction END

Command GOTO

Program TK3TUT1.ASM

TUTORIAL 2:

Clock cycles

File registers

Bits

Bytes

Set

Clear

Command CLRF
Command CLRW
Command BSF
Command BCF

Ports and Port directions
Register STATUS
STATUS register bit 5
Banks 0 and 1

Program TK3TUT2.ASM

TUTORIAL 3:

Names in place of numbers
Case sensitivity

Labels

Repetitive loop

Instruction EQU

Program TK3TUT3.ASM

TUTORIAL 4:
Command MOVLW
Command MOVWEF
Command RLF
Command RRF
Command BTFSS
Command BTFSC
Instruction #DEFINE
Instruction BANKO
Instruction BANK
Register PORTA
Register TRISA
Register PORTB
Register TRISB
Register PCL
Naming numbers

Bit naming

Program counter
STATUS register bit 0
Carry flag

Bit codes C, F W

Bit testing
Conditional loop

Pin protection
Program TK3TUT4.ASM
Program TK3TUTS5.ASM

TUTORIAL 5§:

STATUS bit 2

Zero flag

Bit code Z

Command MOVF
Program TK3TUT6.ASM

TUTORIAL 6:
Command INCF
Command DECF
Command INCFSZ
Command DECFSZ
Counting upwards
(incrementing)

Counting downwards
(decrementing)

Use of a file as a counter
Program TK3TUT?7.ASM

TUTORIAL 7:
Switch monitoring
Command ANDLW
Command ANDWF
Command ADDWF
Command ADDLW
Nibbles

STATUS bit 1

Digit Carry flag

Bit code DC
Program TK3TUT8.ASM

TUTORIAL 8:

Increasing speed of
TK3TUT8

Bit testing for switch status
Program TK3TUT9.ASM

TUTORIAL 9:

Responding to a switch press
only at the moment of
pressing

Program TK3TUT10.ASM

TUTORIAL 10:

Performing functions
dependent upon which switch
is pressed

Use of a common routine
serving two functions
Program TK3TUT11.ASM

TUTORIAL 11:

Reflecting PORTA’s switches
on PORTB’s l.e.d.s
Command COMF

Command SWAPF

Inverting a byte’s bit logic
Swapping a byte’s nibbles
Program TK3TUTI12.ASM
Program TK3TUT13.ASM
Program TK3TUT14.ASM

TUTORIAL 12:
Generating an output
frequency in response to a
switch press

The use of two port bits set
to different input/output
modes

Command NOP

Program TK3TUTI15.ASM

TUTORIAL 13:
Command CALL
Command RETURN
Command RETLW
Program TK3TUT16.ASM

TUTORIAL 14:

Tables

Register PCL (again)
Register PCLATH
Program TK3TUT17.ASM

TUTORIAL 15:

Using four switches to create
four different notes

Use of a table to selectively
route program flow

Program TK3TUT18.ASM

TUTORIAL 16:

Indirect addressing

Using unnamed file
locations

Register FSR

Register INDF

Program TK3TUT19.ASM

TUTORIAL 17:

Tone modulation
Command XORLW
Command XORWF
Command IORLW
Command IORWF
Program TK3TUT20.ASM
Program TK3TUT21.ASM
Program TK3TUT22.ASM

TUTORIAL 18:

Register OPTION

Register INTCON
Register TMRO

Use of internal timer
Program TK3TUT23.ASM

TUTORIAL 19:

BCD (Binary Coded
Decimal) counting
Program TK3TUT24.ASM

TUTORIAL 20:
Real-time timing at 1/25th
second

Counting seconds 0 to 60
Program TK3TUT25.ASM

TUTORIAL 21:

Using 7-segment l.e.d.
displays

Showing hours, minutes and
seconds

Command IORLW (usage)
Program TK3TUT26.ASM
Program TK3TUT27.ASM
Program TK3TUT28.ASM

TUTORIAL 22:

Using intelligent l.c.d.s
Setting l.c.d. contrast
Initialising the l.c.d.
Sending a message to the
l.c.d.

Program TK3TUT29.ASM

TUTORIAL 23:

Coding hours, minutes and
seconds for an l.c.d.
Shortened clock monitoring
code

Command SUBLW
Command SUBWF
Program TK3TUT30.ASM

TUTORIAL 24:
Adding time-setting switches
Program TK3TUT31.ASM

TUTORIAL 25:

Writing and reading
EEPROM file data
Register EECON1
Register EECON2
Register EEDATA
Register EEADR

Program TK3TUT32.ASM

TUTORIAL 26:
Illustrating use of EEPROM
data read/write

Converting binary value to
hexadecimal

Program TK3TUT33.ASM

TUTORIAL 27:
Interrupts

Command RETFIE
Program TK3TUT34.ASM
Program TK3TUT35.ASM

TUTORIAL 28:
Command SLEEP
Program TK3TUT36.ASM

TUTORIAL 29:
Watchdog timer (WDT)
Command CLRWDT
Program TK3TUT37.ASM

TUTORIAL 30:
Misc Special Register bits

TUTORIAL 31:

INCLUDE files command
Embedded configuration data
Embedded Data EEPROM values
Embedded PIC type data
Embedded Radix

Program TK3TUT38.ASM

TUTORIAL 32:

PIC16F8x, PIC16F87x,
PIC16F62x family coding
differences

PIC16F87x PORTA
PIC16F87x Data EEPROM use
PIC16F62x PORTA
PIC16F62x Data EEPROM use
Program TK3TUT39.ASM
Program TK3TUT40.ASM

TUTORIAL 33:
Converting binary values to
decimal

Program TK3TUT41.ASM

TUTORIAL 34:
Multiplication routine
Program TK3TUT42.ASM

TUTORIAL 35:
Division routine
Program TK3TUT43.ASM

TUTORIAL 36:
ADC conversion routine for
PIC16F87x family

* Program TK3TUT44.ASM

TUTORIAL 37:

CBLOCK command
Interfacing to external serial
EEPROM chips, for PIC16F87x
famil

Program TK3TUT45.ASM

TUTORIAL 38:
Outputting serial data at a
specified BAUD rate, for
PIC16F87x family
Program TK3TUT46.ASM

TUTORIAL 39:

Practical example recording
analogue data to serial
EEPROM and subsequent
outputting as RS-232 serial data
Program TK3TUT47.ASM

TUTORIAL 40:
Programming
PICs vs. hardware
Summing-up

APPENDIX A:
Bugged Teaser!

APPENDIX B:
Useful PIC information
Further reading
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replied, “PIC is not an acronym; it is just a
trademarked — name  that  General
Instruments came up with a long time ago”.
(GI were the originators of PICs.)

A microcontroller is similar to a micro-
processor but it additionally contains its
own program command code memory, data
storage memory, bi-directional (input/out-
put) ports and a clock oscillator. Many
microprocessors require the use of addi-
tional chips to provide these requirements;
microcontrollers are totally self-contained.

The great advantage of microcontrollers is
that they can be programmed o perform
many functions for which many other chips
would normally be required. This not only
makes for siniplicity in electronic designs,
but also allows some functions to be per-
formed which could not be done using nor-
mal digital logic chips — ie. circuits for
which, previously, a microprocessor and
peripheral devices would have been required.

PICs are manufactured and supplied
“empty”. That is, they are without program
codes (commands) and cannot control a
circuit until they have been provided with a
program that tells them what to do. It is the
task of the program writer (you) to tell
them what that is.

The commands are written in a spe-
cialised form of English, largely consisting
of mnemonics, known as the “source
code”. An assembly program (such as TK3)
then translates (assembles) the source code
commands into a numerical form that the
PIC can understand, the “program code”.
This code. which is normally in hexadeci-
mal, is then sent (loaded) in binary format
to the PIC by electronic hardware, such as
TK3’s p.c.b.

PIC VARIETIES

There are many families of PIC micro-
controller available, ranging from those
which can only be programmed once. to
those that can be repeatedly repro-
grammed. The former are typically known
as One Time Programmable (OTP)
devices, and because of this characteristic
are not well-suited to hobbyist use since
they cannot have their software code
changed once they have been programmed.

There are two basic families of repro-
grammable PICs: those that require an
ultra-violet light unit to erase their previous
data before being reprogrammed, but
which are now essentially obsolete, and
those which are electrically erasable.

In the latter category fall the three device
families already mentioned. of which it is
the PICI6F84 device we use here. It has
been chosen because of its ease of repro-
gramming and because it does not have
additional features that can prove difficult
to understand for beginners. Its pinouts are
shown in Fig.l, and its basic attributes
given in the Specifications panel.

It is an EEPROM (electrically erasable
programmable read only memory) device,
also known as a “Flash™ device, hence the
“F” infix in its type number. This means
that it can be rapidly reprogrammed as
often as you wish, without the need for
ultra-violet erasing.

SUB-VERSIONS

Note that there are several sub-versions
of individual PIC types, having suffixes
such as -04, -10 and -20. The suffix indi-
cates the maximum clock rate at which the
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TABLE 1. PIC COMMAND CODES FOR PIC16F8x, PIC16F87x
AND PIC16F62x

Command/Syntax  Flags Cycles Description Tutorial
affected discussed
BYTE-ORIENTATED FILE REGISTER OPERATIONS
ADDWF fd C,DC,2Z 1 Add W and f 7
ANDWF f.d Z 1 AND W with f 7
CLRF f 4 1 Clear f 2
CLRW - Z 1 Clear W 2
COMF fd Z 1 Complement f 11
DECF f.d Z 1 Decrement f 6
DECFSz fd - 1(2) Decrement f, skip if 0 6
INCF fd 4 1 Increment f 6
INCFSZ f.d - 1(2) Increment f, skip if 0 6
IORWF fd 4 1 Inclusive OR W with f 17
MOVF f.d Z 1 Move f 5
MOVWF f - 1 Move W to f 4
NOP - - 1 No operation 12
RLF f.d C 1 Rotate left f through Carry 4
RRF fd C i Rotate right f through Carry 4
SUBWF fd C,DC, 2z 1 Subtract W from f 23
SWAPF fd - 1 Swap nibbles in f 11
XORWF f,d 4 1 Exclusive OR W with f 17
BIT-ORIENTATED REGISTER OPERATIONS
BCF f.b - 1 Bit clear f 2
BSF f.b - 1 Bit set f 2
BTFSC fb - 1(2) Bit test f, skip if 0 4
BTFSS f.b - 1(2) Bit test f, skip if 1 4
LITERAL AND CONTROL OPERATIONS
ADDLW k C,DC, 2z 1 Add literal and W 7
ANDLW k z 1 AND literal with W 7
CALL k - 2 Call subroutine 13
CLRWDT - TO, PD 1 Clear Watchdog Timer 29
GOTO k - 2 Go to address 1
IORLW k Z 1 Inclusive OR literal withW 17, 21
MOVLW k - 1 Move literal to W 4
RETFIE - - 2 Return from interrupt 27
RETLW k - 2 Return with literal in W 13
RETURN - - 2 Return from subroutine 13
SLEEP - TO, PD 1 Go into standby mode 28
suBLw k C,0DC, 2z 1 Subtract W from literal 23
XORLW k % 1 Exclusive OR literal with W 17

chip can be used: 4MHz, 10MHz and
20MHz respectively. You may use any
device speed rating for this Tutorial,
although the -04 is likely to be stocked by
more component suppliers.

The PICI6F84 used here has two

input/output (I/0) ports, Port A and Port B.
Port A has five pins (RAO to RA4), and
Port B has eight pins (RBO to RB7). We
shall be using the PIC in two of its four
oscillator modes, RC (resistor/capacitor)
and XT (standard crystal up to 4MHz), the
former being variable, the: latter using a
3-2768MHz crystal.

To re-emphasise an earlier point, much

of the information about the commands
which we present here is, in most
instances, applicable to other members of
the PIC family. Once you understand a
PIC16F84 you should have no difficulty
applying your knowledge to other PICs.

WHAT YOU NEED

There are six things that you need in

order to program a PIC:

@ PC-compatible computer having a stan-

dard (Centronics-compatible) parallel
printer port (USB ports are not suitable)

® purpose built programming hardware

board (e.g. TK3)

® standard (Centronics) parallel printer

port connecting cable

@ suitable power supply (7K3 runs from
9V d.c., which can be supplied via a
plug-in mains adaptor)

@ word-processing program (text editor)

@ assembly and send (download) software
program (e.g. TK3)

It is worth noting that this Tutorial and
the TK3 software can be used with
Magenta’s version of the TK3 board, and
with the commercial Version 2 PICmicro
MCU Development Board. However, these
two boards do not have the numbered CP
connection points referred to in this text
regarding the EPE TK3 board, but they do
have pin function notations and the con-
nections should be obvious.

Data is output from the computer to the
PIC via the paralle! printer port (addresses
378h, 278h and 3BCh are supported by
TK3). It is output serially, data on port line
DO, and a clock signal on line DI.
Additional computer printer port lines are
used by TK3 to enable such functions as
reading back program code from a PIC.

You must be able to use a word-process-
ing program. This must produce a text file
that is totally without formatting and printer
commands. That is, it must be able to gen-
erate a pure ASCII text file (and to input
one). It is stressed that the source code
(.ASM) files must be in pure ASCIH text
formats without printer or display format
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commands embedded in them. (TK3 offers a
choice of editors, including DOS Edit,
Windows Notepad and Windows Wordpad.)

ADDITIONAL
COMPONENTS

To use this Turorial with the basic TK3
p.c.b. you need the following additional
components:

330Q resistor, 0-25W 5% carbon film (8
off)

1uF capacitor, axial elect. 10V

2-line. 16-characters per line alphanu-
meric liquid crystal display module and
datasheet

Optional: 4-digit multiplexed common
cathode 7-segment l.e.d. display module
and datasheet

Personal (high-impedance) headphones

Jack socket to suit headphones

Extra push-to-make switch for connec-
tion via flying leads

Stranded connecting wire

Solder

ANOTHER NEED

Throughout this Tirorial we shall exam-
ine in a fair amount of detail the 35 basic
PIC commands. It is hoped that this will
give you all the necessary information that
will enable you to conceive a design in
which you can use a PIC16F84 to centrol
whatever situation you wish, and to write
the code that will let it do so.

There is, though, much more to writing
programs than you may at this moment
fully appreciate. Knowledge about individ-
ual commands and the way in which they
can be used is not enough in itself.

Programming is a way of looking at the
world that other people may not recognise.
You must have the mental ability to see
each programming situation as a step by
step function, visualising and analysing in
your mind exactly how it is that you need
to specify the complete program tlow.

You have to write the sequence of events
with the correct grammar, with the correct
spelling and in the correct order.
Undoubtedly you will make mistakes
while you are writing the code. failing to
see the correct sequence of events and
using incorrect command structures.

You require the ability to analyse what
you have done wrong and to correct it. You
are likely to be confronted with an cverall
task that may, on occasion, take you into
several days or even weeks of dedicated
concentration.

Readers have occasionally asked how
they can be taught to think like a program-
mer. There is no easy way in which this can
be taught. Some people have the ability,
some do not. The best way to learn is by
actually writing snippets of code and get
those to work, giving you the experience
and confidence to progress to more com-
plex situations. Throughout this Turorial
we try 10 encourage you in this approach.

Programming. to those who have the abil-
ity to see things “as they are” and not “*how
they seem to be”, can become extremely
addictive. You could find yourself com-
pelled to get back to the keyboard and PIC
programmer at any conceivable hour. You
had better have an understanding family!

FIRST THINGS FIRST

To get you started programming PICs
through this Turorial, you need the TK3

board mentioned earlier plus the few extra
components just listed. TK3 already has
eight light emitting diodes (l.e.d.s), four
pushbutton switches and four uncommitted
(open-collector) npn transistors.

These facilities help to illustrate the pro-
gram examples discussed in the text and
encourage you to build up your experience
of how the PIC16F84 can be made to
respond to different practical situations.

In this text, we start at the very begin-
ning of programming. The first lesson is
about the very minimum of information
that needs to be written into a program list-
ing before the PIC can do anything else.

We then, “step by step”. take a specific
very simple task, such as turning on an
le.d., and describe in detail each of the
commands that are required to do the task.

Having described one task, we then take
that idea a stage further, adding a few more
commands that will enhance the capabilities
of the program. Each of these commands is
similarly discussed in detail. Thus we
progress, taking simple ideas, and illustrating
how they can be achieved and then enhanced.

We feel that this approach is far more
useful than describing each and every one
of the commands in turn before we ever get
to use them. Most people learn by doing,
reading about things 1n short sections and
applying the knowledge in practical bite-
sized chunks. A complete chapter on all the
commands in sequence would be too much
to remember and understand in one go.

The complete list of Microchip’s com-
mands for the PIC16F8x. PIC16F87x and
PIC16F62x families is shown in Table 1. All
are discussed and demonstrated. In the early
years of PICs there used to be two others,
OPTION and TRIS, but Microchip have
dropped them from their recent PIC families.

As you will see, there are a lot of “bit-
orientated” sub-commands available as
well as the main commands. Some of these
are similar in operation and close examina-
tion will be given only to the principal ones
— once you understand these, use of the
similar bit-setting commands available will
become obvious.

TUTORIAL SECTIONS

The Turorial is split into numbered sec-
tions. Euch deals with specific coding top-
ics but, in most cases. is a direct follow-on
from the previous one, and is nearly always
visually illustrated by the displays on the
TK3 p.c.b. The exception to the latter is
when sound is used as the output medium,
when the personal headphones are needed.

At the end of most sections there are a
few simple exercises which allow you to
experiment with the program presented in
that section. You will only be expected to
use the commands that have already been
introduced to you. None of them should tax
your brain too much. but they will. hope-
fully, encourage you to think of alternative
ways in which the same basic task can be
tackled. or to consider other tasks that can
be achieved using similar techniques.

By the end of the complete Tutorial, you
will know how to get the PICI6F84 to
respond to switches and other external sig-
nal sources. send data to various types of
display. to create sound. to be the heart of a
24-hour clock and to store data in its non-
volatile EEPROM memory.

Readers who have had experience of
programming in BASIC, or with other
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types of microprocessor or microcon-
troller, will tind that once a few commands
have had their functions explained. using
them will rapidly become instinctive. The
author. having many years of such experi-
ence, effectively learned about PICs and
how to use them over a single weekend.
just by doing a bit of experimenting.

Other readers without such experience
will, it has to be said, have to become
accustomed to understanding program-
ming itself as a step by step process. An
analytical mind is required and, as said ear-
lier, there is no easy way in which pro-
gramming can be taught to those who lack
this ability.

TUTORIAL EXERCISES

Throughout this Tutorial we present var-
ious programming exercises at which to try
your hand. In most cases. you are request-
ed to modify an existing tutorial program.
This requires it to be saved. assembled and
sent to the PIC.

It is important that when you make these
changes, you do not save the variant under
the same name as the original. It must have
a different name. If you do save under the
same name, the original file will be
replaced by the new one. You can save each
program variant by any name of your
choosing, but use the same .ASM exten-
sion as the examples use. You might con-
sider using TRY1.ASM. TRY2.ASM, etc.

It is recommended that you save the
original file under the new name before
you make any changes, to avoid curse-wor-
thy errors! But if you do make a mistake
and overwrite something you should not.
the original can be recopied from its disk or
FTP site download.

Having saved your changed file, you
now assemble and send it to the PIC.

We shall nor be giving possible solutions
(of which there could be several) to any of
the exercise questions. It is expected that
you will persevere until you find a work-
able solution. Only in this way will you get
into the habit of being presented with a
computing problem, which you have to
solve on your own, and then solving it.

This last statement was made in the orig-
inal Tutorial text but we still periodically
get asked what the solutions are. We are
hard-hearted on this point and don’t offer
solutions! If you want to become a pro-
grammer, you've got to get your brain
thinking like one. The exercises are all sim-
ple and have simple solutions. we would
not be doing you any favour by telling you
some answers.

We are now almost in a position to start
telling you about writing programs for a
PIC16F84 and for you to start getting your
brain into gear — it's really all very logical!

PREPARATION

From hereon you need the TK3 software
running on your PC. It should be loaded
and run as explained in its published text.
You also need the TK3 p.c.b. connected to
the PC via its parallel printer port cable,
and a PIC16F84 in the allocated socket.
You do not need the l.c.d. or 7-segment
l.e.d. modules connected at this time.
However, if the l.c.d. module is already
connected you do not need to remove it.

All the software for this Tutorial should
be in the same folder. This may be the same
folder as used for TK3's software. or in
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Fig.2. Component layout for the TK3 board to which you should refer for the connection points required for the exercises.
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another folder having any name of your
choosing. There is no “installation”
required, just copy the files into this folder
from your disk or FTP site download,
using Windows’ own copying facilities.

As we progress, you need to connect
various PIC pins to such on-board items as
l.e.d.s and switches. This will be explained
as required. In the meantime, keep your
soldering iron switched on and ready!
Remember that you should always switch
off TK3's power before making any sol-

- dered changes. It is also recommended that

the printer port cable should be disconnect-
ed at this time as well.

The first few Tutorials require PIC Port
B to control the eight l.e.d.s (LDO to LD7)
on TK3’s board (see Fig.2). Solder short
lengths of wire between the allocated
RBO/RB7 pins and the CPO/CP7 pins,
strictly observing the same numerical order
—RBO to CP0, RB1 to CP1 etc.

Additionally, solder a 1uF capacitor
across (or in place of) the existing capaci-
tor C7 (unless C7 is already a 1uF device,
in which case leave it in position), its posi-
tive lead facing preset VR1. This reduces
the oscillator rate to a very slow range.

Also for the sake of these Tutorials, put
a sticky label in front of switches S3 to S6
and label them SW3, SW2, SW1, SW0, in
that order from left to right.

PIC CONFIGURATION
The first thing to understand is that all
PICs must be “configured” for the applica-
tion they are intended to control. Such
configuration includes the selection of oscil-
lator type, and matters such as Watchdog
timer and Code Protection bits use (which
are discussed in Part 3). Once the configura-
tion has been sent it is not normally neces-
sary to change it for the same application.
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In this series the setting of the configura-
tion data into the PIC is treated as one pro-
gramming operation. Sending the program
itself is then another. As discussed in Part
3, it is also possible with some program-
mers (such as TK3) to “embed” the config-
uration code into the program itself. When
the program is sent to the PIC, the configu-
ration is then automatically set as required.

Note that occasionally (and for a variety
of reasons) the configuration in the PIC
can become corrupted. If you find that a
program which you believe should run
does not, run the configuration program
(about to be described) to ensure that the
PIC is correctly configured, and then re-
send the program.

Sometimes corrupted configuration can
prevent another program from replacing an
existing one, the latter continuing to run even
though the new one has been sent. In this
case, use TK3's Erase PIC option, and failing
that run its Clear Code Protection routine
(both functions described in TK3's text).

Be aware that the time taken to send a
program (.HEX) file to the PIC depends on
its length. A delay exists because the PIC
requires a minimum amount of time to
store each command when received. The
speed of operation has nothing to do with
the speed of your computer.

Before starting the Tutorials and their
exercises, configure your PIC16F84 via
TK3. Click on the Send/Read Config Data
button on 7K3's main screen (top centre —
PIC Configuration panel). Set the configu-
ration for RC (resistor/capacitor oscillator)
with all other functions off. Send the data
to the PIC. Always keep Code Protection
off throughout these Tutorials.

If your PIC has been used before in
some other application, you should also
clear its existing program and data EEP-
ROM contents via TK3’s Erase PIC button.

As the PIC is configured for RC opera-
tion, TK3’s RC/XTAL slide switch (82)
also needs setting for RC. Set the RC con-
trol preset VR1 for slowest oscillator rate
(fully anti-clockwise).

(If you are not clear about any aspect
relating to TK3, re-read its published text.)

NUMERICAL PREFIXES

There are four formats that can be used
to express numerical values in a program.
They may be expressed in decimal (e.g. 0,
4, 5), or in hexadecimal (indicated by a
prefix of H', e.g. H'00’, H’04’ and H'05’
in this case), or in binary (indicated by a
prefix of B’, e.g. B’00000000,
B’00000100" and B’00000101°). Prefixed
values must be concluded with an apostro-
phe suffix (') — as used in the prefix. On
your keyboard the apostrophe required is
that which is marked below the @ symbol
(the one at top left by the numerals is not
suitable).

Be aware that some PIC assembly pro-
grams (but not TK3) may require decimal
numbers to be prefixed with D’, e.g. D’ 10’
or D’255’. It is also worth noting that some
assembly programs (including TK3)
accept the use of the dollar sign (3) to indi-
cate hex, e.g. $F7 instead of H'F7’, and for
binary numbers to be prefixed by a per-
centage sign (%), e.g. %01010101 instead
of B’01010101".

Check with any other assembly
program’s documentation before using the
shorter method. The D’, B’ and H’ prefixes

L/ISTING 1: PROGRAM
TK3TUT1

; TK3TUT1.ASM
; minimum requirement

ORG 0 ; Reset Vector address

GOTO 5 ; go to PIC address
location 5

ORG 4 ; Interrupt Vector address

GOTO 5 ; go to PIC address
location 5

ORG 5 ; Start of Program
Memory

; (your program goes in here)

END ; final statement

are those used with Microchip’s own
MPASM assembly programs and they do
not accept % or $ prefixes. The B’ and H’
prefixes are used throughout these
Tutorials. TK3 accepts both prefix formats.

You will find 7K3's Binary to Hex to
Decimal conversion option useful if you
wish to convert between the three numeri-
cal formats.

TUTORIAL 1
CONCEPTS EXAMINED

Minimum commands needed
Port default values
Instruction ORG

Instruction END

Command GOTO

The absolute bare minimum require-
ments for any PIC program that is to be
assembled (compiled) are shown in
Listing 1.

In fact, none of the statements in this
listing have anything directly to do with a
functioning software program. Six are
aimed directly at the software assembly
program, the others are comments to the
human programmer, or other reader. Such
comments include program title and
function, and notes about what tasks par-
ticular program instructions within the list
are intended to perform.

Comments must always be preceded by
a semicolon (;) so that the assembler does
not try to treat them as program com-
mands. Comments may appear anywhere
within the program, and in any position
where they do not interfere with a program
command. It is convenient, though, to
place them tabulated a short distance
beyond the end of program command
lines.

To take Listing 1 in detail, you will see
that it starts with two comments, identify-
ing the listing and its function:

; TK3TUT1.ASM
; minimum requirement

Next come five commands which are
aimed at the software assembly program
(e.g. TK3) as well as the PIC. They need not
normally concern you, repeating the com-
mands parrot-fashion in any software you
write will normally suffice (unless inter-
rupts are involved — discussed in Part 3).

The three ORG (origin) commands and
their associated address (program memory
location) values tell the assembly program
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at which memory address within the PIC a
particular set of subsequent commands is
to be placed.

Position ORG 0 is known as the Reset
Vector. It is to this address that the PIC
jumps when it is first run or subsequently
reset.

Position ORG 4 is known as the
Interrupt Vector. It is to this address that
PIC jumps if an interrupt occurs. The sub-
ject of interrupts will be dealt with in
Tutorial 27. Ignore the concept for the
moment.

Position ORG 3 is the Start of Program
Memory, i.e. it is the first available
position within the PIC at which the actual
program itself can start.

The first two ORG statements have to be
followed by a GOTO command (the first
of the recommended 35 commands that the
PIC understands and which you need to
know!), plus an address value. The GOTO
command (not surprisingly) simply tells
the PIC to GO TO the address stated. The
addresses can be any chosen by the pro-
gram writer, but in these Tutorials are
taken as GOTO 5, address 5 being the Start
of Program Memory, as indicated by the
ORG 5 statement.

You will notice that locations 1, 2 and 3
are not mentioned. These are reserved by
the PIC and are not available for normal
program use.

The bracketed statement in the listing
following ORG § is aimed at you, the pro-
gram writer: it tells you where your pro-
gram is to be written. This will become
evident as we progress through the exam-
ple listings.

The final statement (END) is only
required by some assembly programs.
With TK3 it is not essential, but you should
always include it at the very end of any
listing in case your programs are assem-
bled by software that does require it.

Having included the essential first five
commands and the END statement, every-
thing else beyond ORG 5 is up to you.

INCAPABLE?

You might think that when
TK3TUTI1.ASM is assembled and loaded
into the PIC, the PIC will be incapable of
doing anything — it hasn’t been told of any-
thing to do, other than GOTO 5. Almost
true, but not quite!

PICs have been told in manufacture to
adopt certain “default” conditions when
first switched on (those for the PIC16F84
will be shown in Part 3). One of these
default conditions is that Port A and Port B
are configured (set) to act as inputs. In this
condition they are simply held in a high-
impedance state. What is not configured at
this time is the binary value which is avail-
able to be output via those pins when they
are first set as outputs from within the
program.

At switch-on, any number could be set
randomly within the PIC’s memory, of
between 0 and 255 (B’00000000° to
B’11111111") for Port B (eight pins), and
0to 31 (B’00000’ to B'11111") for Port A
(five pins). It is often preferable, therefore,
to set port output values to a known value
as part of the opening program statements.
This, too will become apparent as we
progress.

It is also worth noting that PIC pins
should never be left as “floating” inputs. If
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LISTING 2 -
PROGRAM TK3TUT2
; TK3TUT2.ASM
; setting Port B to output mode and turn |
on each l.e.d.
ORG O ; Reset Vector address
GOTO 5 ; goto PIC address 5
ORG 4 ; Interrupt Vector address
GOTO 5 ;goto PIC address 5
ORG 5 ; Start of Program Memory
CLRF 6 ; setall Port B pins to logic 0
BSF 3.5 ;instruct program that a
Bank 1 command comes
next
CLRF6 ;set all Port B pins as
outputs
BCF 3,5 ;instruct program that a
Bank 0 command comes
next
BSF 6,0 ; set Port B pin 0 to logic 1
BSF 6,1 ; set Port B pin 1 to logic 1
BSF 6,2 ; set Port B pin 2 to logic 1
BSF 6,3 set Port B pin 3 to logic 1
BSF 6,4 ; set Port B pin 4 to logic 1
BSF 6,5 ;set Port B pin 5 to logic 1
BSF 6,6 ; set Port B pin 6 to logic 1
BSF 6,7 : set Port B pin 7 to logic 1
END ; final statement

any PIC pins remain unused in a PIC-con-
trolled circuit, they should either be biased
to one or other power line by individual
resistors (say 10kQ to 100kQ), or set as
outputs in a logic 0 (low) condition.

There are no exercises for Tutorial 1.

TUTORIAL 2
CONCEPTS EXAMINED

Clock cycles

File registers

Bits

Bytes

Set

Clear

Command CLRF
Command CLRW
Command BSF
Command BCF

Ports and Port directions
Register STATUS
STATUS register bit 5
Banks O and 1

CONNECTIONS NEEDED

All Port B to all l.e.d.s.

Capacitor C7 as 1uF

Preset VR1 set to maximum resistance
(fully anti-clockwise)

At this point in time, a PIC without pro-
gram commands is of no benefit to us! We
shall now demonstrate a simple program
which just turns on a series of eight l.e.d.s
connected to Port B. Look at Listing 2.

As discussed in Tutorial 1, you will see
comments at the start of the listing and
within it, all preceded by a semicolon. You
will also see the ORG and END state-
ments, plus the GOTO 5 commands.
Sandwiched between ORG 5 and END are
several lines of code. The PIC considers
the first program command (CLRF 6) as
being at its address location 5, which is
where the assembly program will place it
when it loads the code into the PIC.

Ignoring the numbers following the
commands, there are only three different
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commands in use in this program section
(routine): CLRF, BSF and BCF. They sim-
ply stand for CLeaR File, Bit Set File and
Bit Clear File. An allied command to CLRF
is CLRW (CLeaR Working register).

Via TK3, assemble the program
TK3TUT2.ASM, and load the resulting
TK3TUT2.HEX code into the PIC. Having
loaded it, the program automatically starts
running. There will be a few seconds wait
before you see anything happening.

From here on, whenever you are asked
to load or run a program, it must first be
assembled, and then its HEX code loaded
into the PIC. It will automatically run when
loading has finished.

At present, the oscillator which controls
the PIC is only running at a very slow
speed, about 1Hz or so (depending on the
tolerance of the C7 and VR1 values). The
internal workings of the PIC16F84 (and
other PIC types) automatically divide any
clock frequency by four, taking a minimum
of four counts to process a single com-
mand. During each of the four intervening
pulses, different aspects of the command
are processed. To all intents and purposes,
each command takes four clock pulses.

Each batch of four clock pulses is known
as a clock cycle. Most commands take just
one clock cycle, although some take two,
partly depending on conditions resulting
from their operation (see Table 1). The
GOTO command takes two cycles to com-
plete, whereas BSF, BCF, CLRF and
CLRW take just one cycle.

The results of the first six commands
will not produce any visible result. After a
few seconds, though, each l.e.d. connected
to Port B will come on in turn, in order of
LDO to LD7. with a pause between each
change. When the final le.d. (LD7) has
come on, there are no more instructions to
perform, so nothing more happens (in fact,
the PIC is actually working its way through
each of its locations that have not been pro-
vided with code by the program).

To see the sequence again, press TK3's
Reset switch (S1), whereupon the program
will restart from the beginning. The rate at
which it occurs can be changed by adjust-
ing preset VR1.

(Note that if the l.c.d. module is already
connected, a very slight glow from some
l.e.d.s. may just be visible, and the top line
of the l.c.d. will contained darkened cells -
this is normal.)

But, how does the program do what you
see it has done? First, we'll tell you what
File registers are and what commands
CLRF, BSF and BCF do.

TABLE 3. PIC MEMORY
CAPACITY

Device  Program Data Registers Pins
Type size EEPROM

PIC16F627 1024 128 224 18
PIC16F628 2048 128 224 18
PIC16F83 512 64 36 18
PIC16C84 1024 64 36 18
PIC16F84 1024 64 68 18
PIC16F84A 1024 64 68 18
PIC16F870 2048 64 128 40
PIC16F871 2048 64 128 40
PIC16F872 2048 64 128 28
PIC16F873 4096 128 198 28
PIC16F874 4096 128 192 40
PIC16F876 8192 256 368 28
PIC16F877 8192 256 368 40

TABLE 2. PIC16F84 REGISTER
FILE MAP (courtesy Microchip)

I ]

| File Address __ FileAddress |
00h | Indirect addr.(" | Indirectaddrm_‘ 80h
neve |
oth | TMRO | OPTION 81h
02h PCL PCL 82h
SN C U
03h E STATUS | STATUS 83h
04h _FSR | FSR 84h
' 05h PORTA TRISA__ | 850
— S — _
06h PORTB TRISB | 86n
I ‘
! 07h | _y e
08h | EEDATA | EECON? 88h
osh |  EEADR EECON2!" 8%h !
_ M |
oAh | PCLATH | PCLATH sah |
o |
| oBn INTCON | INTCON _‘ 88h
[ och sch |
| [
68
General Mapped | |
Purpose (accesses) |
regés/:ers in Bank 0 !
(SRAM) |

4Fh CFh |

|
| 50h ‘ DOh
| \ — L
— |
| Fen

™

Bank 0 " Bank 1

7Fh

|
| O Unimplemented data memory location; read as ‘0.
Note 1. Not a physical register.

— —

The named file addresses are known
as the Special Function Registers.

FILE REG/ISTERS

The PIC16F84, and the other PICs men-
tioned earlier, have five areas of memory
(see Table 3 for quantities):

1. Program Memory (EEPROM) in
which are stored the commands that form
the program, and where the program of
TK3TUT?2 is now held.

2. Data Memory (SRAM - static random
access memory) in which you can rem-
porarily store the results of any action that
the program performs (the data is lost
when the power is switched off).

3. Data Memory (EEPROM) in which
you can indefinitely store any data that you
wish to retain after power has been
switched off (it will be discussed in
Tutorial 25).

4. Special Function Memory (SRAM),
whose attributes determine what actions
the PIC takes in respect of program com-
mands (Table 2).

5. Working Memory (SRAM - 1 byte),
through which many operations have to
pass during program performance (in other
processors the Working Memory may be
called the Accumulator).

The results (data) of any program action
can be directed to be stored at any of the
memory areas numbered 2 to 5 above. With
items 2, 3 and 4 the destination is known as
a File destination. With item 5, the
Working Memory or Register, the destina-
tion is known as, not surprisingly, the
Working destination.
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Strictly speaking, Files should be known
by their full name of File Registers. It
would be tedious, though, to keep using the
full name, and so the term “file” will be
used throughout the Tutorials to mean File
Register. (We also use the term “file” in
relation to disk files — the context should
make the meaning clear.)

For those of you who are familiar with
programming in BASIC, files can be
regarded as the equivalent of variables.
There is no direct BASIC equivalent of the
Working register, though in a sense it can
be regarded as a special variable.

The program commands reflect the file
and working destinations by the use of F
and W, respectively. in the code itself. For
example, in the code CLRF, the F indi-
cates that the value in a particular file
(memory data byte) is to be CLeaRed
(reset to zero) and the result is to be
retained in the file. On the other hand, in
the code MOVLW (to be met in Tutorial 4)
the W stands for Working (in this case
meaning that a Literal value is to be
MOVed into W). The use of both F and W
in a command (e.g. MOV WF) wil! become
evident in due course.

BITS

Having established what a file is, it is
necessary (and easy) to understand the
concept of a “bit”. You no doubt under-
stand it already, but, just to recap, a bit is
a single part of an electronic memory
which can be set to one of two states:
either to logic 1 (“on” - charged to a volt-
age which is usually the same as the posi-
tive power rail that supplies the circuit,
e.g. +5V); or to logic 0 (“off” — dis-
charged to a zero voltage). Logic 1 and
logic O are often referred to as high and
low, respectively.

A memory i.c. can have any number of
bits contained within it. A fixed number of
bits is known as a “byte”. There 1s a com-
mon misconception that a byte is only ever
comprised of eight bits. Historically, this is
not true, any fixed number of bits which
can be operated as a single unit is called a
byte. However, by current usage, a byte is
usually taken to be comprised of eight bits.

The status of the bits (high or low) with-
in a byte is expressed as a binary number
reading from left to right, in order of the bit
representing the highest value first 1most
significant bit — MSB) down to the lowest
value (least significant bit — LSB). Thus
decimal 128 is expressed as binary
10000000, whereas binary 1 may be
expressed as (0000001 (the preceding
number of zeros may not always be includ-
ed — their presence being implied).

The bits of a byte are referred to by their
position within a byte, with position 0 at
the right, ascending as high as necessary
depending on the byte length. Thus ar. 8-bit
byte has its bits numbered as 7, 6, 5. 4, 3,
2, 1, 0. A 16-bit byte (probably referred to
as a word) would be numbered from 15 to
0. The use of ( (zero) as a bit number is
essential to remember when programming
PICs.

Incidentally, terms MSB and LSB can
also be used to mean Most Significant Byte
and Least Significant Byte. The appropri-
ate meaning should be clear from the con-
text. There are also similar terms, NSB,
NMSB and NLSB, in which the N stands
for Next.

TABLE 4: STATUS REGISTER (Courtesy MICROCHIP)

| —RON-0 RMW-0 RW-0 R1  R1 — RW-x _BML-L,_B%_-L.‘(_

L RP1 RPO 0 PO

| itz

oC R = Readabie bit |
pito | W = Writable bit ] |
| U = Unimplemented bit,
read as ‘0’
|-n=ValugatPORreset |

bit 7: IRP: Register Bank Select b:t (used for indirect addressing)

0 = Bank 0, 1 (00h - FFh)
1= Bank 2, 3 (100h - 1FFh)

00 = Bank 0 (00h - 7Fh)
01 = Bank 1 (80h - FFh)
10 = Bank 2 (100h - 17Fh)
11 = Bank 3 (180h - 1FFh)

bit 4:  TO: Time-out bit

0 = A WDT time-out occurred
bit 3: PD: Power-down it

1 = After power-up or by the CLRWDT instruction

0 = By execution of the SLEEP instruction
bit 2:  Z: Zero bit

The IRP bit is not used by the PIC16F8X. IRP should be maintained clear.
bit 6-5: RP1:RPO0: Register Bank Select bits (used for direct addressing)

Each bank is 128 bytes. Only bit RP0 is used by the PIC16F8X. RP1 should be maintained clear. |

1 = After power-up, CLRWDT instruction, or SLEEP instruction ‘

1 = The result of an arithmetic or logic operation is zero |
0 = The result of an arithmetic or logic operation is not zero ]

bit 1:  DC: Digit carry/borrow bit (for ADDWF and ADDLW instructions) (For borrow the polarity is reversed)
1 = A carry-out from the 4th low order bit of the resuit occurred
0 = No carry-out from the 4th low order bit of the result |

bit 0:  C: Carry/borrow bit (for ADDWF and ADDLW instructions)
1 = A carry-out from the most significant bit of the result occurred [
0 = No carry-out ‘rom the most significant bit of the result occurred ‘
Note:For borrow the polarity is reversed. A subtraction is executed by adding the two's compiement of

the second operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high or iow

l order bit of the source register.

TERMS SET AND
CLEAR

The concept of the terms “set” and “clear”
is important to understand. In program
terms, to “set” a bit means to force it high,
i.e. to logic 1; the term “clear” is used to
mean that a bit is forced low, i.e. to logic 0.

Note, however, that in textual terms (i.e.
in articles such as this) you are likely to
come across the mixed use of the word
“set”, in that you might be told to “set a bit
low”. In such cases, the implied meaning
should be obvious from the context. In this
example, “low” is the important word and
“force” or “make” could have been used
instead of “set”.

COMMANDS CLRF

AND CLRW

Command CLRF stands for CLeaR File
and is always followed by a single number
or name which indicates the file on which
the action is to be performed. The com-
mand instructs the PIC that all bits within
the stated file are to be cleared, i.e. it clears
the whole byte (to hold a value of zero).

The allied command CLRW (CLeaR
Working register) simply clears the contents
of the Working register and is used on its own
without a subsequent number or name. In
practice, this command may be seldom used,
the commands MOVLW 0 and RETLW 0
probably finding preference (these com-
mands are discussed in Tutorials 4 and 13,
respectively). Command CLRW has, in fact,
been dropped from some PIC families.

There are no direct opposites of CLRF
and CLRW which will set all bits high:
other techniques have to be used for this
action.

Using names for files instead of numbers
will be dealt with in Tutorial 3.

COMMAND BSF

PICs can have any individual bit of any
file byte acted upon directly. Each bit can
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be set high or low by a single command,
and, as we shall show later, a single com-
mand will also determine the status of any
individual bit.

Command BSF translates as Bit Set File
and is always followed by two numbers or
names separated by a comma. The first
number or name is the file byte whose bit
is to be acted upon. The second number or
name is that representing the number of the
bit within the file byte (between 7 and 0,
reading from left to right).

As an example, the command BSF 3,5 in
Listing 2 instructs the PIC to set (make
high, force to logic 1!) bit 5 of file number
3; command BSF 6,7 means that bit 7 of
file number 6 is to be set.

COMMAND BCF

Command BCF stands for Bit Clear File
and is the exact opposite of BSF. As an
example, the command BCF 3,5 in Listing
2 means that bit 5 of file 3 is to be cleared
(set low, made/forced to logic 0).

PORT FILE NUMBERS

In the example of Listing 2, the files
whose bits have been set or cleared are
those which control Port B. In terms of
writing to or reading from Port A and Port
B, the two ports are treated as any other file
destination. However, Port A and Port B
are different to other files in that they are
for communication with the outside world.

There are, in fact, two file registers asso-
ciated with each port that are accessible to
the programmer. One is used to set the
direction in which the bits are to act, i.e. as
inputs or outputs (it is also known as the
Data Direction Register — DDR), and the
other deals with the data written to (for out-
put to the world) or read from (input from
the world). Each bit of the port direction
registers can be individually set or cleared
so that the same port may be used simulta-
neously for data input and output via
different bits.
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The file which controls the direction in
which Port B pins respond is named in the
PIC datasheets as TRISB. It is one of the
named “Special Function Register” files
(see Table 2) and is contained in memory
byte address H’86’ (we won’t translate
hexadecimal numbers into decimal since
the latter are irrelevant in the context of file
addresses).

The file which holds Port B’s data,
whether as input or output, is at memory
byte address H’06’ and, helpfully, is known
in the PIC datasheet as PORTB.

A minor inconvenience exists in the
PIC16F84, and the other PIC families
referred to earlier, in that addresses H’80’
to H’8B’ can only be accessed by changing
the value in another file, the STATUS file
(Table 4). This file is held jointly at byte
addresses H'03” and H’'83". A single bit
within STATUS is used to direct the pro-
gram to numbers either below H’80’
(known as Bank 0 or Page 0 addresses) or
above H'7F’ (known as Bank 1 or Page 1
addresses); this bit is number 5. (Note that
some PICs have more than two Banks.)

When STATUS bit 5 is set (logic 1), it
effectively adds H’80’ to the memory byte
address being accessed. When the bit is
clear (logic 0), addresses below H’80’ are
accessed. Thus, if you instruct that file 6
(H'06’) is to be accessed when STATUS
bit 5 is low, the file actually at address 6
will be accessed. Conversely, if you
instruct that file 6 is the subject when STA-
TUS bit 5 is high, the file at address H’86’
will be accessed.

In the PIC16F84, only files numbered
H’00’ to H'4F’ and H’80’ to H’8B’ are
available for use by the programmer. Note
that files H’07’ and H’87" have no function.

It may appear from the Registers File
Map in Table 2 that addresses H'8C’ to
H’CF’ might also be available. Writing to
these addresses, though, simply accesses
those between H’0C’ and H'4F". (In some
PICS, including the PIC16F87x and
PIC16F62x families, additional memory is
available at the higher Bank addresses —
see Using the PICI6F87x Additional
Memory, EPE June 02, on the CD-ROM.)

L/STING 2 COMMANDS

We can now examine each command of
Listing 2 in turn and describe its purpose.
When the PIC is first switched on, the
STATUS file is set to a default value with
its bit 5 low. All file addresses are thus
treated as being below H 80",

We have established that address 6 is
that which holds the data for Port B. The
first command, CLRF 6, thus clears the
data which is held in Port B as a value
available to be output, i.e. Port B’s output
register is instructed to hold a value of
zero.

The purpose of the program in Listing 2
is to output data to the eight l.e.d.s on Port
B, and it has already been said that the
default value of Port B’s direction register
(at H’86’) is for all bits to be set for input
(all bits are high - 11111111).
Consequently we must now set them all as
outputs, i.e. each to logic 0, thus 00000000.
To do this, first the STATUS register at
address 3 must have its bit 5 set high to
point to addresses of H’80’ and above;
hence the command BSF 3,5.

Now we configure all of Port B for out-
put mode with the command CLRF 6. Yes,
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L/STING 3 - PROGRAM TK3TUT3

; TK3TUT3.ASM
; using names to ease writing of Listing 2

STATUS EQU 3 ; name program location 3 as STATUS
PORTB EQU 6 ; name program location 6 as PORTB

ORG 0 ; Reset Vector address

GOTO 5 ; go to PIC address location 5

ORG 4 ; Interrupt Vector address

GOTO 5 ; go to PIC address location 5

ORG 5 ; Start of Program Memory

CLRF PORTB ; clear Port B data pins

BSF STATUS,5 ; set for Bank 1

CLRF PORTB ; set all Port B as output

BCF STATUS,5 ; set for Bank 0
LOOPIT BSF PORTB,0 ; set Port B pin 0 to logic 1

BSF PORTB, 1 ; set Port B pin 1 to logic 1

BSF PORTB,2 ; set Port B pin 2 to logic 1

BSF PORTB,3 ; set Port B pin 3 to logic 1

BSF PORTB 4 ; set Port B pin 4 to logic 1

BSF PORTB,5 ; set Port B pin 5 to logic 1

BSF PORTB,6 ; set Port B pin 6 to logic 1

BSF PORTB,7 ; set Port B pin 7 to logic 1

CLRF PORTB ; clear all PORTB pins

GOTO LOOPIT ; go to address LOOPIT

END ; final statement
LISTING 3A (TK3TUT3 LIST FILE)
List Prog Prog Code Source code
count count count value
deci deci hex hex
0004 0 0000 STATUS EQU 3
0005 0 0000 PORTB EQU 6
0006 0 0000
0007 0 0000 ORG 0
0008 0 0000 2805 GOTO 5
0009 1 0001 ORG 4
0010 4 0004 28 05 GOTO 5
0011 5 0005 ORG 5
0012 5 0005
0013 5 0005 01 86 CLRF PORTB
0014 6 0006 16 83 BSF STATUS,5
0015 7 0007 01 86 CLRF PORTB
0016 8 0008 12 83 BCF STATUS,5
0017 9 0009
0018 9 0009 14 06 LOOPIT BSF PORTB,0
0019 10 000A 14 86 BSF PORTB, 1
0020 11 000B 15 06 BSF PORTB,2
0021 12 000C 15 86 BSF PORTB,3
0022 13 000D 16 06 BSF PORTB, 4
0023 14 000E 16 86 BSF PORTB.5
0024 15 000F 17 06 BSF PORTB,6
0025 16 0010 17 86 BSF PORTB,7
0026 17 0011 01 86 CLRF PORTB
0027 18 0012 28 09 GOTO LOOPIT
The full listing also shows binary values and comment statements.
i’s the same command as cleared Port B's EXERCISE 2

data, but because STATUS bit 5 is high, the
value of 6 (H’06’) has H’80’ added to it, so
the address actually accessed is that at
H’86’.

The commands which output data to the
l.e.d.s are all concerned with Port B’s data
file at “real” address 6, so the addition of
H’80’ is no longer needed. The next com-
mand, BCF 3,5, thus clears bit 5 of the
STATUS register at address 3. All remain-
ing commands in Listing 2 can now, in
turn, set high each data bit of Port B at
address 6: BSF 6,0, BSF 6,1, etc., so turn-
ing on the l.e.d.s in sequence from LDO to
LD7. Simple!

2.1. Using your text editor and a copy of
TK3TUT2.ASM (renamed to any title of
your choosing, but still with the .ASM
extension), experiment with the eight
commands relating to file 6, using different
values (between 0 and 7) for the number
following the comma. Do not change the
number before the comma. Also experi-
ment with changing BSF to BCF.

2.2. Rewrite the program in Listing 2 so
that it performs its actions on Port A
instead of Port B. The equivalent data and
direction addresses for Port A are 5 (H’05’)
and H’85’, respectively. Note that Port A
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only has five pins, not eight. What differ-
ence, if any, does this make to the pro-
gram? You need to disconnect the wires
from Port B that go to l.e.d.s LDO to LD4,
and then connect Port A pins to these l.e.d.s
in correct numerical order.

You will notice that Port A pin RA4 does
not appear to turn on its lLe.d. This is
because the pin has an “open-collector”
output which needs to be biased high,
before it can be used to toggle between
Logic 0 and Logic 1. An example of this is
shown in Tutorial 12.

Reinstate the Port B connections ta all
le.d.s when you have finished with
Exercise 2.2.

TUTORIAL 3
CONCEPTS EXAMINED

Names in place of numbers
Labels

Case sensitivity

A repetitive loop
Instruction EQU

CONNECTIONS NEEDED

All Port B to all l.e.d.s.

Capacitor C7 as 1uF

Preset VR1 set to maximum resistance
(fully anti-clockwise)

In the previous section dealing with
Listing 2, we were using numbers to indi-
cate which file was being referred to.
That’s fine if there are only a few files
whose address numbers can be easily
remembered. As we progress with examin-
ing the PIC commands and example list-
ings, though, we shall be using more and
more files. If we continue to refer to them
numerically, we're going to get lost!
(What's file H’'0C’ for? Is the data sup-
posed to go to file H’I1C” or file H'1E’?)

Human memories with numbers are
notoriously bad! But we are (usually)
much better with names. This fact was long
ago recognised by program writers and
many types of software allow the use of
names in place of numbers. Let’s examine
how names can be applied to the numbered
files in Listing 2. Have a look at Listing 3.

Any number written into a listing can be
represented by a name. It can be any name
you like as long as you think you’ll know
in time to come what is meant by that name
(but some assembly programs impose a
limit on name lengths, although TK3 does
not). There are also some names which it is
better to allocate according to their func-
tion, especially those functions that already
have names provided in the PIC datasheets,
such names as STATUS and PORTB, for
example.

With some programmers (but not TK3),
the names are ‘“‘case-sensitive”. In other
words, once you have equated a name with
a number, further use of the name must be
in exactly the same style as the original
with regard to the use of upper and lower
case letters. For example, names PORTB
and portb should not be used interchange-
ably. It is recommended, though, that you
do not use different upper and lower case
styles of the same word to mean different
things.

However, the commands themselves (as
opposed to the names) may be in upper or
lower case without (usually) causing
problems. For example, for clarity on these

published pages, the commands are shown
in upper case. In the actual full ASM list-
ings, though, the same commands are prin-
cipally in lower case — the TK3 assembly
program recognises both styles.

EQUATING NAMES

In Listing 3, three names have appeared:
the aforementioned “aliases” STATUS and
PORTB, plus LOOPIT. We'll keep LOOP-
IT a mystery for the moment (but we're
sure you know what it’s for). All “alias”
name allocations must appear at the head
of the program listing, in the initialisation
block.

Then the format for allocating a name
to a number is to state the name at the left
of a program line followed by at least one
space, although you may have more than
one space if you prefer, to keep things
looking neat and tabulated. Most assem-
bly programs allow the use of the Tab key
to keep columns tabulated, which makes
typing easier than keying-in lots of
spaces.

Now the statement EQU is made, fol-
lowed by a space and the number you wish
to name. In the case of the first line,
STATUS is the name to be given to the
numeral 3 (which, you will remember, is
the file address number for the STATUS
register). Hence, the statement:

STATUS EQU 3

This simply tells the assembler program
that when it assembles the listing into code,
each time it comes across the name
STATUS, it is to replace it in the code by
the value of decimal 3.

The second line similarly allocates the
name PORTB to file address 6:

PORTB EQU 6

Compare Listing 2 and Listing 3; you
will see how the program has been
rewritten using the names in place of file
numbers.

It is permissible 1o use other numerical
formats, such as binary and hexadecimal,
in EQU number defining.

L/IST (.LST) FILES

When ASM source code files are assem-
bled, a List file (.LST) is generated as well
as the HEX file. A list file allows examina-
tion of the original ASM source code and
the actual values that the assembly pro-
gram generates in respect of that code.

Some assemblers generate separate list
files for each source code file, using the
same basic file name, but giving an exten-
sion of .LST. TK3, though, uses a common
file name that is used for all list files
(TK3ASM.LST).

Click on the LIST button in TK3's
Assembly zone to open the LST file creat-
ed when TK3TUT2.ASM was assembled,
and print it to paper. Then assemble
TK3TUT3.ASM and print out its LST file.
A section of it is repeated in Listing 3A.

Examining both printouts you will see
that the Program Count and Code Value
hex numbers are the same in both listings,
except for the last two (new) commands of
TK3TUT3.

The LST files also include the program-
mer’s notes at the right. They have been
omitted from Listing 3A to conserve space.
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The lefthand column (List count deci)
holds the text line numbers as encountered
in the text file listing (ASM) and are in
decimal. They serve no programming
purpose and are simply there for your
information.

The second and third columns show the
actual address location number (in decimal
and hex respectively) within the PIC at
which the command will be placed.

Command ORG 0 causes its associated
GOTO 5 statement to be coded at location
0, similarly with ORG 4 and its GOTO 5
statement for location 4.

Note how columns four and five, which
hold the 2-byte hex code and the equivalent
binary (14-bit) value (not shown in Listing
3A), are only used if a command is
encountered. For example, command
GOTO 5 generates the code 28 05
(H’2805), and command CLRF PORTB
generates the code 01 86 (H'0186°).

The .HEX file holds the code values in
hexadecimal. The 14-bit binary value is
that which is converted from the hex value
and sent to the PIC as serial data.

TK3TUT3 FOREVER'

Now load the code for TK3TUT3.HEX
into your PIC. It will be seen to start off in
the same way as TK3TUT2. Now, though,
when it gets to the end of the code, the
l.e.d.s will all go out and the sequence will
repeat, indefinitely! You will find that a
fully-clockwise setting of VR] becomes
preferable, to increase the display rate.

The program difference now is that there
are two extra commands and when com-
mand BSF PORTB,7 has been performed,
Port B is cleared and the program follows
the command GOTO LOOPIT. LOOPIT is
the name given to the address at which the
command BSF PORTB,0 has been placed.
During assembly that address number has
been noted and each time the assembler
encounters a command reference to the
address named LOOPIT, it substitutes the
number for that address. There is just one
reference in this program, but other pro-
grams may have many such references.

Names, when given to program listing
addresses, as with LOOPIT here, are com-
monly known as “labels”. Referring to the
.LST listing for TK3TUT3, the numbered
line 0018 reads:

0018 9 0009 14 06 LOOPIT BSF PORTB,0

Note the value 9 in column 3. Now look
at line 0027, which reads:

0027 18 0012 28 09 GOTO LOOPIT

Now note the 09 in column 5. The two
values are equal and intentional. The
address for which LOOPIT is the reference
name (label) is at location 9; the code 28 09
contains the instruction to GOTO (jump
to), plus the address number to which it is
to jump.

In other instances, the addresses may be
much greater than the one illustrated here,
and the two values will differ accordingly,
but the point is that the name LOOPIT is
replaced by an address value during assem-
bly and as such is treated by the Assembler
in the same way as were STATUS and
PORTB.

This fact has another important signifi-
cance: when a number has a name
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allocated to it, each time the assembly
program encounters that name it substi-
tutes the appropriate number. Names can
be given to addresses (as just illustrated),
to register files (as with PORTB), and
even bit numbers (Z to represent the Zero
flag bit of the STATUS register, as shown
later).

We shall also show examples of names
being used as pointers to addresses when
the address required may depend on a par-
ticular value established as a result of cal-
culation, i.e. in the case of Indirect
Addressing, which will be examined in
Tutorial 16.

It is worth noting that TK3 allows labels
to be suffixed by a colon (:). e.g. LOOP:,
which makes labelled routines easier to
find using a text editor’s Search or Find
facility in a long program that has many
calls to a particular label. Microchip's
assembly programs do not permit this.

TABLE 5. SPECIAL FUNCTION

REGISTERS

Register =~ Address Bank Tutorial
EEADR 09 0 25
EECOCN1 08 1 25
EECON2 09 1 25
EEDATA 08 0 25
FSR 04 01 16
INDF 0o 0-1 16
INTCON 0B 0-1 18
OPTION 01 1 18
PCL 02 01 4
PCLATH 0A 01 14
PORTA 05 0 4
PORTB 06 0 4
STATUS 03 0-1 2
TMRO 01 0 18
TRISA 05 1 4
TRISB 06 1 4
EXERCISE 3

3.1. Do the same sort of program modi-
fications that you did with Exercise 2,
examining the results achieved. Also try
changing the position of the LOOPIT
address in the lefthand column, putting it
alongside BSF PORTB.2 for example.

3.2. The command GOTO LOOPIT can
also be put elsewhere; try putting it
between BSF PORTB.4 and BSF
PORTB.5 and see what the result is.

There is an easy way of moving it in this
instance without actually doing so: put a
semicolon (;) in front of the three lines fol-
lowing BSF PORTB,4. The Assembler will
then treat these lines as comments and
ignore them. The use of a semicolon is a
handy way to temporarily omit commands
when debugging programs (locating
eITOrS).

3.3. What happens if a semicolon is put
in front of any of the three CLRF PORTB
commands?

TUTORIAL 4
CONCEPTS EXAMINED

Naming numbers

Bit naming

Bit codes C. E W

Bit testing

Carry flag

Conditional loop

Instructions BANKO and BANKI
Instruction #DEFINE

Pin protection
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; TK3TUT4.ASM

#DEFINE BANKO BCF STATUS,S
#DEFINE BANKI BSF STATUS,S

STATUS
TRISA
PORTA
TRISB
PORTB

EQU 3
EQU 5
EQU 5
EQU 6
EQU 6

w EQU 0
F EQU |
C EQU 0

ORG 0
GOTO 5
ORG 4
GOTO 5
ORG 5

CLRF PORTA
CLRF PORTB
BANKI
CLRF TRISA
CLRF TRISB
BANKO
LOOPI MOVLW |
MOVWF PORTB
BCF STATUS,C
LOOP2 RLF PORTB.F
BTFSS STATUS.C
GOTO LOOP2

GOTO LOOPI
END

LISTING 4 - PROGRAM TK3TUT4

; using aliases, bit names and conditional loops

; STATUS register

; Port A direction register
; Port A data register

; Port B direction register
; Port B data register

; Working register flag
; File register flag
; Carry flag

: Reset Vector address

; go to PIC address location 5
; Interrupt Vector address

. go to PIC address location 5
. Start of Program Memory

; clear Port A data register

. clear Port B data register

; set for BANK

; set all Port A as output (clear direction reg)
; set all Port B as output (clear direction reg)
; set for BANKO

; load value of 1 into Working register
; load this value as data into Port B
; clear Carry flag

; rotate value of PORTB left by | logical place
; check if the Carry flag (bit 0) of the STATUS
; command is actioned only if PORTB is not yet 0
; the program jumping back to address LOOP2
; command is actioned only when PORTB now =0

Command MOVLW
Command MOVWF
Command RLF
Command RRF
Command BTFSS
Command BTFSC
Command PCL
Program counter
Register PORTA
Register PORTB
Register TRISA
Register TRISB
Register PCL
STATUS register bit 0

CONNECTIONS NEEDED

All Port B to all l.e.dss.

Capacitor C7 as |uF

Preset VRI set to minimum resistance
(fully clockwise)

INSTRUCTIONS
#DEFINE AND BANK

One concept that you are likely to see in
PIC software is that of defining a frequent-
ly used command format as a single name.
Each time the Assembler encounters that
name during assembly, the defined com-
mand will be substituted in the coding.
Two such definitions appear in Listing 4:

#DEFINE BANKO BCF STATUS,S
#DEFINE BANK1 BSF STATUS,5

The command BANKO is then used each
time the programmer would otherwise key

in BCF STATUS.S. Likewise with
BANKI. It is not only shorter, but conveys
another concept more clearly than would
direct manipulation of STATUS bit 5, that
of Banks (or Pages), which were referred
to in passing earlier. We have shown that
STATUS bit 5 switches between addresses
H’00’ to H’4F’ and H’80’ to H’8B". In fact,
the latter extends to H'CF’, but addresses
greater than H'8B’ are not available to the
programmer. Writing to them simply wraps
them back to an address H'80' bytes
earlier.

We have so far equated two file names
and address values, STATUS as 5 and
PORTB as 6. You will have seen that they
actually represent three functions, the
STATUS function which is accessed joint-
ly at locations H’03’ and H’83’, and two
functions for PORTB uaccessed at H'06’
and H’86’. With the PIC16F84 all Special
File Registers are held between H'00’ to
H'0OB’ and H’80’ to H’8B’ (see Tables 2
and 5).

It makes for an easy shorthand way of
defining which group is which by giving
them names. As Microchip refer to these
groups as being in Bank O and Bank 1,
these are convenient name types to use.
This, then, is why the terms BANKO and
BANKI have been defined as above: it is
simply an easy to remember convenience.
BANKO holds the H’00’ to H'OB’ group,
and BANKI holds the H’80" to H’8B’
group. Note that you may sometimes come
across the term Page instead of Bank to
represent the same concept.
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DOUBLE EQUATING

In Listing 4, following the three defini-
tions we see STATUS, PORTA and
PORTB being nominated (EQUated) as in
Listing 3, representing register addresses 3,
5 and 6 respectively. The names TRISA
and TRISB have crept in, though, and they
also relate to register addresses 5 and 6
respectively. Why two names for the same
number? It is done for the convenient rea-
son that we know address 6, for example,
relates to registers which appear in both
BANKO and BANKI, but which have dif-
ferent functions, Port B’s data and direc-
tion registers, respectively.

It saves confusion, therefore, to have a
different name for each, even though their
address numerals are the same. The name
TRISB is given to Port B’s direction regis-
ter since this is the name given to that func-
tion in PIC datasheets. The name PORTB
now simply refers to Port B’s data register.
Exactly the same convention is applied to
Port A, using PORTA and TRISA as the
names in relation to location 5.

Incidentally, as mentioned earlier, there is
a command TRIS available as part of the
command set of some early PICs. Microchip
recommend that it should not be used since
it has been deleted from the PIC16F84 and
later chips. The same applies to the com-
mand OPTION. Neither of these commands
will be discussed here. You will see the use
of TRISA, TRISB and OPTION_REG in
this Tutorial, but the terms are used as
Register file names, not as commands.

Where Special Function registers have
had their functions equated to a name that
is similar, henceforth the new name will be
used. For example, Port B will be referred
to as PORTB, Port A as PORTA and Status
as STATUS. Additionally, in order to avoid
repetition of comments made in earlier list-
ings, from now on listing comments will
not always be shown here for situations
that have previously been discussed. The
full listings, however, show comments
where appropriate.

PIN PROTECTION

It was said earlier that unused PIC pins
should never be left as “floating’ inputs.
The easiest way to ensure that they are not
is to set them as outputs and to set their
output value to 0. This is why PORTA and
TRISA conditions have been specified,
even though PORTA is not actually used in
program TK3TUT4.

BIT NAMES

All the numerals to which names have
been allocated so far have been related to
file (register) byte addresses. It is equally
possible to allocate names to particular bits
in a file byte. This is especially useful
when individual bits of particular files per-
form specific functions. Three examples
are shown in Listing 4:

C EQUO
W  EQUO
F EQUI

BIT NAMES F AND W

We have already said that data can be
routed either to files or retained in the
Working register. A single bit code, either 0
or 1, determines which destination. This bit
value statement is required following the
comma used with some commands.

For example, take the two similar com-
mands RLF PORTB,0 and RLF PORTB, 1,
the command RLF (which is discussed in a
moment) tells the PIC that the value within
the file then stated (in this case the file is
PORTB) is to be rotated left (multiplied by
two). The result of this rotation can either
be put back into PORTB, using the 1 suf-
fix, or held in the Working register for fur-
ther use, using the O suffix. If the Working
register is chosen, the value in PORTB
remains as it was.

Again for easy human understanding, it
is more convenient to give a name to the
different conditions than having to remem-
ber numbers. So the file destination 1 is
called F for File, and the Working destina-
tion 0 is called W for Working. All very
logical and clear! The two example com-
mands thus become RLF PORTB,W and
RLF PORTB,F.

CARRY FLAG C

One bit of STATUS (see Table 4), bit O,
is the bit which indicates whether a Carry or
a Borrow has occurred during some com-
mands. (It is, incidentally, common to refer
to such bits as being “flags”: the flag is then
said to be set or cleared by any action which
affects it.) The Carry flag is frequently
required to be read in most programs and it
is convenient to also give it a name, in this
case C, hence the setting-up statement:

C EQU 0

The bit can be manipulated or tested by
commands such as BCF STATUS,C or
BTFSS STATUS,C (discussion of BTFSS
comes in a jiffy or two).

Before going any further with the con-
tents of Listing 4, load its code into the PIC
(TK3TUT4.HEX). What you will see is
that the eight individual l.e.d.s on PORTB
are being turned on at the same time the
preceding one is turned off. The movement
will appear to be going from right to left,
from bit 0 to bit 7 (LDO to LD7), and
restarting at bit 0.

There are several ways of doing this (and
many reasons why you should need to).
Two programming techniques are discussed
here, the one in Listing 4, and then a much
shorter one later in Listing 5. The one in
Listing 4 demonstrates the use of the com-
mands MOVLW, MOVWEF, RLF, BTFSS,
and how two loops can be “nested” and
made dependent upon each other.

COMMANDS RLF
AND RRF

Many of you will be familiar with the
electronic concept of shift register chips.
Data can be loaded into the register either
serially (bit entry) or in parallel (byte
entry). The data can be shifted to the *left”
or “right” in the chip, in response to a clock
signal. The shifted data can then be made
available either serially as bits, or in paral-
lel as a byte. When data is shifted left and
read as a byte (parallel output), each shift
has the effect of multiplying the data by
two. Shifting to the right divides it by two.

Take the 8-bit binary code 00000100
(decimal 4), for example. If this is shifted
left by one place, the result is 00001000
(decimal 8). If the code had been shifted
right by one place, the result would be
00000010 (decimal 2).
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Most files within a PIC are capable of
having their data shifted (rotated) to the left
or to the right (although doing so on the
Special Function Registers may sometimes
produce unpredictable results). The two
commands are RLF and RRF (Rotate Left
File and Rotate Right File).

Both commands have to be followed by
the file which is to have its data rotated,
then a comma and then the destination,
either F or W. For example: RLF PORTB,F
or RLF PORTB,W. If the W destination is
chosen, the original contents of the file
remain intact (the result going into W); they
are only changed if the F suffix is used,
which causes the result to be placed back
into the file, over-writing its previous value.

There are two problems associated with
rotating a file’s contents left or right. For
the first, consider the situation when a file
(for the sake of example, call it PORTB)
contains a value such as 11010111 (deci-
mal 215); there are many numbers that
could illustrate the point about to be made.
Suppose the rotate left command RLF
PORTB,F is given, all bits are rotated left
by one place. The value retained in PORTB
becomes 10101110 (decimal 174) which is
definitely not 2 x 215; the original lefthand
bit has vanished from this 8-bit byte — a
9-bit byte would be needed to show the
correct answer.

RIGHT AND CARRY

Alternatively, suppose the rotate right
command RRF PORTB;F is given, all bits
are rotated right by one place. The value
retained in PORTB becomes 01101011
(decimal 107), which is definitely not
215/2; the original right-hand bit has van-
ished from this 8-bit byte.

In some cases, of course, the intention of
rotating left or right may have nothing to
do with multiplying a value by 2. It may be
that we simply want to change the position
of the bits for another purpose, such as
changing the commands sent to the outside
world to turn equipment on or off. In this
case, the arithmetic accuracy of the rotate
result would be immaterial.

The other problem (although it can be
used beneficially) is that bits rotated out
from either end of the byte are rotated into
the Carry bit of STATUS. Simultaneously,
the previous value held in the Carry bit is
rotated into the byte at the other end.

Suppose that the Carry bit is initially
zero. In the first RLF example above, the
original value of 11010111 would be rotat-
ed left and the result would be correct as
shown (10101110) because the 0 has come
in to the right from the Carry bit. However,
the last lefthand bit of the original value
(which is a 1) would now be in the Carry
bit.

Suppose then that another rotate left is
made. The bits within PORTB would be
rotated left but, at the same time, the Carry
bit from the previous rotation would now
be rotated into PORTB from the right. The
value held in PORTB thus becomes
01011101 (decimal 93), and again the
Carry bit now holds the 1 from PORTB bit
7. Therefore, the next rotation will result in
an answer of 10111011 (decimal 187).

To avoid a set Carry bit (which retains
the status last acquired anywhere in the
program) being rotated automatically into
a file byte from the other end, the Carry bit
can be cleared by the command BCF
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STATUS.C prior to each rotate command,
unless. of course you want a set Carry bit
rotated into a byte.

Referring again to the display you see on
the l.e.d.s at the moment, controlled by
TK3TUT4, the Carry bit clearing tech-
nique is being used immediately prior to
the RLF command. We shall show what
happens if the Carry is not cleared when
TK3TUTS is viewed later.

COMMAND MOVLW

In Listing 4 is the command MOVLW 1.
The MOVLW command (MOVe Literal
value into W) is the command which allows
literal values (numbers) contained within
the program itself to be moved (copied) into
the Working register for further manipula-
tion. The range of values is from 0 to 255,
i.e. an 8-bit byte. Command MOVLW |
instructs that the value of | is to be moved
into W. Literal values may be expressed in
decimal, hexadecimal or binary, e.g.:

MOVLW 73 (decimal)
MOVLW H’49’ (hexadecimal)
MOVLW B’01001001° (binary)

Literals may also be the address values
of other files whose names have been spec-
ified at the head of the program, or they
may be the values assigned to be represent-
ed by other words or letters. The following
are all legal commands:

MOVLW STATUS
MOVLW PORTB
MOVLW W
MOVLW LOOP1

Respectively, the commands would
move into W the address value of STATUS
(which we have specitied as 3), the address
value of PORTB (6), the value assigned to
be represented by W (0). the address with-
in the program at which the command line
prefaced by label LOOPI resides (a value
known only to the program - unless you
examine the LST file).

An important point about any of the
Move commands, such as MOVLW,
MOVWF and MOVF is that the original
value (source value) itself remains where it
is and is unchanged. The value is simply
“copied” into the destination specified.
Having moved a literal value into W it can
then be immediately moved into a speci-
fied file destination, or it can be used as
part of a further manipulation.

COMMAND MOVWF

Following the MOVLW | command in
Listing 4 is the command MOVWF
PORTB. Command MOVWF (MOVe W
into File) simply copies the contents of the
W register into the file specified, in this
case PORTB. Apart from the destination
statement, no commas or other stalements
are needed (or allowed) with this com-
mand. The MOVWF command is the only
way in which full bytes of data can be
copied from W into other destinations. As
used in Listing 4, it is the value of 1 which
is copied.

COMMAND BTFSS

Another command we are introducing in
Listing 4 is BTFSS, Bit Test File Skip if
Set. What BTFSS does is to examine the
status of the file bit specified in the
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remainder of the command (bit C of
STATUS in this case: BTFSS STATUS,C).

The word Set now becomes the impor-
tant one. The PIC is being asked to test if
the bit specified is Set (i.e. is it logic 17?).
There can only be one of two answers,
either “‘yes” or “no”. In programming (and
digital electronics too) if the answer is
“yes”, then the answer is said to be “true”.
If the answer is “no”. then the answer is
said to be “false” (not true).

Now we come 1o a situation which some
find difficult to grasp until they understand
“what” happens when the validity of the
question has been established. It’s simple,
though. once the facts are known!

The convention is that if a situation is
“true” then it can be represented by logic 1.
Conversely. if the situation is “false™ it can be
represented by logic 0. Logic | and logic 0
are, of course, the two states in which a bina-
ry bit can be. Hold this idea in your mind for
a moment and consider the next fact.

We have shown that programs are stored
as instructions in consecutive memory
bytes. It has also been shown that these
bytes are numbered from zero upwards
(Listing 3A). Microcontrollers such as
PICs keep track of which program byte
number is currently being processed. and
there is a counter which holds this infor-
mation — the Program Counter (PCL, as it
is named for the PIC, Program Counter
Low). Unless told otherwise, when one
instruction has been performed, the pro-
gram counter is automatically incremented
(a value of 1 added to it) and the next con-
secutive command is performed.

CHANGE OF ADDRESS

The program address number held by
the PCL can be changed, either when the
instruction is one such as GOTO or CALL,
or by the user telling it to add another liter-
al value to itself. The next instruction per-
formed is that at the address pointed to by
the new value. It will be seen, then, that if
the value of 0 is added to the PCL, the next
instruction is simply the next one on. If,
however, the value of 1 is added to the
PCL. then the next consecutive instruction
is bypassed (skipped) and the one beyond it
is performed instead.

For example. if the program counter is at
52. then normally it will automatically add
one to itself and the next instruction will be
that at 53, and the one after that will be at
54, etc. If. somehow, we intervene and add
1 to the counter while it’s still 52, the
counter will become 53 but will still add its
own value of | to itself, making 54. The
program will thus jump straight from 52 to
54, omitting the instruction at 53. Should
the value of 0 be added, then, of course, the
program will go straight from 52 to 53.

Coming back to BTFSS, we know that
the answer will be either 0 or 1. When the
PIC performs the BTFSS command, the
answer is automatically added to the PCL.
Therefore. still assuming a PCL starting
value of 52, if the answer is true (1), the
PCL has | added to it and so the next
instruction performed is that at 54, as
above. If the answer is false (0), then zero
is added to PCL and so the instruction at 53
is performed, again as above.

Look again at Listing 4 and the command
BTFSS STATUS.C. i.e. we are checking if
bit C of STATUS is set (true). If if is true
that the bit is set, then the | of the truth

answer is added to PCL and so the com-
mand GOTO LOOP?2 is bypassed and that
which says GOTO LOOP! is performed. If
STATUS bit C is not set (false) then the pro-
gram simply takes GOTO LOOP2 as the
next command because the 0 of the false
answer is added to PCL. OK so far?

COMMAND BTFSC

While this concept in still in your minds,
let’s look at the command which is the
opposite of BTFSS. namely BTFSC (Bit
Test File Skip if Clear). What this com-
mand does is to check if it is true that the
bit being tested is clear (0). If it is true that
the bit is clear. then the answer is 1. If it is
false that the bit is clear (that the bit is not
0, but 1), then the answer is 0.

Let’s see what happens in Listing 4 if we
replace BTFSS by BTFSC. The command
BTFSC STATUS,C tests the C bit to find
out if it is true that it is clear. If it is true, |
is added to PCL and command GOTO
LOOP! is performed. If it is false that bit C
is clear, then 0 is added to PCL and so
GOTO LOOP2 is performed.

We have. perhaps. somewhat laboured
this explanation. but the concept of bit test-
ing and the resulting action is one which
causes some people problems, especially
when testing for a bit being clear.

Why. they ask, is it that the answer is | if
the tested bit is zero? Why does | equal 0? It
doesn’t, what you are looking for is the truth-
ful answer to the question posed. Think about
the question. think about the answer to it.

It is an important concept to grasp. and
there are other situations where it occurs:
when testing the Digit Carry and Zero flags
of the STATUS register (bits | and 2,
respectively). We shall encounter those sit-
uations in Tutorials 5 and 7.

LISTING 4 AGAIN

What you see the program of Listing 4
doing is the simple action of repeatedly
“moving” an Le.d. from right to left. There
are only seven commands involved, yet. as
witnessed by the length of discussion so
far, there are several important commands
and their concepts to be fully understood.

Let’s relate those commands in simple
terms to what is happening in the program.

First, at label LOOPI the value of 1 is
moved into W, this is then moved into
PORTB, setting its bit 0 to | and clearing
bits 1 to 7. As a result, the first l.e.d. at the
right is turned on (LDO) and the others
(LD! to LD7) are turned off. In binary.
PORTB’s value is now 00000001.

Next. the Carry bit of STATUS is cleared
to prevent it from interfering with the
results of the rotate-left command that fol-
lows at label LOOP?2 (as discussed earlier).
You will see that this command is RLF
PORTB.F. The F suffix means that the
result of the rotation is retained in PORTB,
and the contents of PORTB will have shift-
ed so that the second l.e.d. (LD1) has come
on because the | previously set by the
MOVWF command has shifted from
PORTB’s bit 0 to its bit 1. Since the Carry
bit was previously cleared, 0 is moved into
PORTB bit 0. turning off l.e.d. LDO. The
binary value has become 00000010.

Now the value of the Carry bit in
STATUS is checked to see if a 1 has been
shifted out from PORTB bit 7. In fact, it
cannot have occurred yet since it takes
eight shifts to bring the 1 from the right and
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into Carry. However, the PIC is not aware
of that fact, so the Carry bit has to be
checked following each shift left.

If the Carry bit is not yet set, the com-
mand GOTO LOOP2 is performed, the
program jumps back to that stated position
and the RLF command is again actioned.
As a result the third l.e.d. (LD2) will come
on and the second l.e.d. (LDI) will go out,
binary 00000100.

Eventually, after eight shifts, the 1 will
have shifted through all eight bits of
PORTB and into the Carry bit. At this
point, there will be no bits set in PORTB,
and so no l.e.d.s will be on. Now, on the
test for the Carry bit being set, the answer
will be true, command GOTO LOOP2 will
be bypassed and the command GOTO
LOOPI1 will be performed, the program
jumping to that label. The whole sequence
then recommences by a | again being
loaded into PORTB bit 0. As written. the
program will repeat until the PIC is
switched off or the Reset switch is used.

EXERCISE 4

4.1. What do you think will be the l.e.d.
display sequence if another value is loaded
into PORTB via the MOVLW command?
Try any multiple of 2; then try any value
that has more than one bit set, using the
binary format, e.g. B’01001100°.

4.2. Also see what happens if the com-
mand RRF PORTB,F is used instead of
RLF PORTB.,F. What do you think will
happen if you replace PORTB,F by
PORTB,W? Then see what happens if
BTFSC is used instead of BTFSS? (It is a
common mistake to use the wrong com-
mand in this sort of situation.) Now swap
the two commands GOTO LOOP2 and
GOTO LOOPLI.

4.3, Just out of interest, also try deleting
the command BCF STATUS.C (just put a
semicolon in front of it).

A SIMPLER ROTATION
Load TK3TUT5.HEX - it will be seen
to be shifting the l.e.d. display te the left, as
occurred when TK3TUT4.ASM was first
run as TK3TUT4.HEX (before you started
changing it — although, hopefully, you
saved each variant under a different name).
You should notice that TK3TUTS is run-
ning a bit faster than TK3TUT4 did. This is

LISTING 5 - PROGRAM
TK3TUTS

; TK3TUTS.ASM

; Showing how Carry bit rotates into
register

#DEFINE BANKO BCF STATUS,5
#DEFINE BANK|1 BSF STATUS,5

STATUS EQU 3

TRISA EQU 5

PORTA EQU 5

TRISB EQU 6

PORTB DQU 6

w EQU 0

F EQU 1

C EQU 0
(ORGO TO BANKO as
previously)

[ BSF STATUS,C

LOOP RLF PORTB,F
GOTO LOOF
END

because there are now fewer commands to
process for the same result. Simplicity of
code usually makes for faster processing
speeds (or, rather, the fewer commands that
need to be processed to perform a particular
function, will result in a faster processing
speed). Look at Listing 5 and you will see
how few commands there are in the loop,
just two. Let’s examine the program flow.

In the full listing everything up to the
statement BANKO is the same as in
TK3TUT4. Then advantage is taken of
the fact that a set Carry bit will be shift-
ed into a file when it is rotated left or
right; the command BSF STATUS,C is
given before the loop, so setting the
Carry bit. Now when PORTB is rotated
left with the command RLF PORTB,F,
the Carry bit comes straight into PORTB
bit 0, turning on led. LDO.
Simultaneously, the Carry bit is cleared
(remember why?).

The next command is GOTO LOOP,
which the program does, again to rotate
PORTB, causing LD1 to come on and LDO
to go out. For eight rotations left, the Carry
bit remains clear, then on the ninth rotation
the original 1 that has traversed PORTB
will drop into the Carry bit, to be rotated
back into PORTB on the next rotation. And
so it goes on, indefinitely.

There are numerous situations in which
rotation occurs and when the setting of the
Carry bit is desirable. In this way, several
files can be coupled as a very long shift
register, e.g.:

BSF STATUS,C
RLF FILELF
RLF FILE2,F
etc. to

RLF FILE15,F

EXERCISE 4
CONTINUED

4.4, What happens if you add another
RLF PORTB,F after the first? And if you
add a third RLF PORTB,F?

4.5. What happens if you substitute a W
for the F in one of the statements?

4.6. What happens if you amend the pro-
gram to work with PORTA (changing the
l.e.d. connections again) — why does the
sequence not repeat with the Carry bit
rotating back into PORTA? (What is differ-
ent about PORTA and PORTB?)

TUTORIAL 5
CONCEPTS EXAMINED

STATUS bit 2
Zero flag

Bit code Z
Command MOVF

CONNECTIONS NEEDED

All Port B to all L.e.d.s.

Capacitor C7 as 1uF

Preset VR1 set to minimum resistance
(fully clockwise)

It is appropriate at this moment to intro-
duce a command allied to the Carry bit
tests, testing the Zero flag bit of the
STATUS register. This is bit 2 and in the
heading of program TK3TUT6, shown in
Listing 6, the letter Z has been equated
to it:

Z EQU 2
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L/STING 6 - PROGRAM
TK3TUT6

; TK3TUT6.ASM
; Using RRF and Z, Status bit 2
; Zero flag use, Command MOVF

(Definitions, through to
BANKO as previously)

LOOPI MOVLW B’ 10000000’
MOVWF PORTB
BCF STATUS,C

RRF PORTB,F
MOVF PORTB,F
BTFSS STATUS,Z
GOTO LOOP2

GOTO LOOPI

END

LOOP2

—J

The two opposite commands for zero
testing are BTFSS STATUS,Z and BTFSC
STATUS,Z, identical to the Carry checking
commands except for the change of final
letter.

We also take the opportunity to formally
demonstrate command RRF (Rotate Right
File). It was described in Tutorial 4, but not
shown. You probably used it, though, when
experimenting with Exercise 4. Thirdly, the
command MOVF is introduced and
demonstrated. Run TK3TUT6.HEX and
refer to Listing 6.

The l.e.d. display controlled under
TK3TUT6 should be seen to be rotating
right, but otherwise the display repetition
should be as seen in TK3TUT4 and
TK3TUTS. The program opens up with the
necessary initialisation commands. The
command at LOOPI is then seen to be
MOVLW B’ 10000000’ instead of the pre-
vious MOVLW 1. The set bit (1) is now at
the left of the byte, instead of at the right
(00000001).

This is moved into PORTB and the
Carry bit is cleared, both commands as in
Listing 4. At LQOOP2, command RRF
PORTB,F now replaces RLF PORTB,F,
instructing the program to rotate to the
right, the 1 moving progressively from bit
7 to bit 0 and then into the Carry bit. Next
comes MOVF PORTB.F. Let’s examine it.

COMMAND MOVF

Whereas MOVLW means moving a lit-
eral value into W, MOVF means MOVe
File value. The file (PORTB in this case) is
named following the command, but the
command itself does not say where the
value is to be moved (unlike MOVLW,
where W as the destination is included in
the command). The destination is stated by
adding a comma after the file name and
then adding either W or F, e.g.:

MOVF PORTB,W or
MOVF PORTB,F

Normally, the command would be used
with W, so that the contents of the file are
brought into W for presumed further use.
At first, then, the concept of using F as the
destination seems strange. Why move the
file value back into the file without the
value having undergone some sort of
manipulation?

The reason is that many commands auto-
matically affect various flags in the STATUS
register (see Tables | and 4), setting or clear-
ing them as appropriate. We have already
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seen the Carry flag being affected by RLF
and RREF, but the Zero flag is not affected by
these two commands, so a different tech-
nique has to be used to check for zero.

When command MOVF is performed,
irrespective of the W or F destination, the
Zero flag is affected. It is set if the file
value is zero, cleared if the file value is
greater than zero. So, if we wish to know
whether or not the file value is zero, we can
use the MOVF command to affect the zero
flag, and do so without changing the file
value. It is also significant that the contents
of the W register are not affected when
using the F destination and can therefore
be used elsewhere if needed following the
result of the zero check.

That is what is happening in Listing 6,
moving F back into F to affect the Z flag,
which is about to be tested in the next com-
mand, BTFSS STATUS,Z. What is being
looked for is PORTB’s value becoming
zero after the 1 has exited from the right of
the file (from bit 0).

The logic of BTFSS STATUS,Z is the
same as that for the Carry flag. We are
looking for the truthful answer to a ques-
tion, in this case is it true (1) that the Zero
flag is set (1)? The answer will only be true
if the file value is zero (0) — another of
those concepts which some people may
find difficult to comprehend, a 1 being
used to mean the presence of 0.

If the file value is greater than zero,
i.e. does not equal 0, then the answer is
false (0) and so the Zero flag is cleared
(0). As with Carry testing, the result of
the Zero test (1 or 0) is added to the pro-
gram counter (PCL) and, depending on
the result, either GOTO LOOP2 (Z = 0)
or GOTO LOOPI (Z = 1) is the com-
mand actioned. Consequently, LOOP2
commands will be cycled through eight
times before a jump is again made to
LOOPI.

EXERCISE 5

5.1. Prove that the Zero flag is affected
by the command MOVF PORTB,W as well
as MOVF PORTB,F (the proof is that the
rotation is the same as before).

5.2. What happens if the B’ 10000000’ of
command MOVLW B’10000000" is
replaced by another number? Experiment
with different values.

TUTORIAL 6
CONCEPTS EXAMINED

Command INCF

Command DECF

Command INCFSZ

Command DECFSZ

Counting upwards (incrementing)
Counting downwards (decrementing)
Use of a file as a counter

CONNECTIONS NEEDED

All Port B to all l.e.d.s.

Capacitor C7 as 1uF

Preset VR1 set to minimum resistance
(fully clockwise)

Load TK3TUT7.HEX and refer to
Listing 7.

This first thing to notice in Listing 7 is
that a new name, COUNT, has been added.
It has been equated in the full listing as:

COUNT EQU H*20’
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LISTING 7 - PROGRAM
TK3TUT7

BEGIN
LOOP1

CLRF COUNT
MOVF COUNT,W
MOVWF PORTB
INCFSZ COUNT,F
GOTO LOOP1
MOVF COUNT,W
MOVWF PORTB
DECFSZ COUNT,F
GOTO LOOP2
GOTO LOOPI

LOOP2

This represents the first example of the
use of an “ordinary” file (as opposed to a
Special Register File). Such files are used
for temporarily storing data values while
the program is being run. In the PIC16F84
the file addresses that can be used for this
purpose are held in Bank 0 between H'0C’
and H'2F".

In this program we could have actually
placed COUNT at location H'0C’ instead
of H’20’, but have used the later address
because that is the first location available in
many other PIC families, such as the
PIC16F87x and PIC 16F62x.

There are now two new commands illus-
trated in TK3TUT7, INCFSZ (INCrement
File Skip if Zero) and DECFSZ
(DECrement File Skip if Zero). Two allied
commands, INCF (INCrement File) and
DECF (DECrement File), will also be
examined. The ability to increment (add
one to) a value, or decrement it (subtract
one from) has wide benefits in program-
ming. Two such instances are keeping track
of events through the use of counters, and
of changing the values of flag bits (when in
bit 0).

COMMANDS INCF
AND DECF

The concept of commands INCF and
DECF are extremely easy to follow. The
first simply adds 1 to a file value, the other
simply deducts 1 from a file value. If the
file value is 255 (11111111 binary) when
INCEF is called, the value rolls over to zero.
If the file value is zero when DECF is
called, the value rolls over to 255.
Whenever the result of INCF or DECF is
zero, the Zero flag is set, otherwise it is
cleared. Testing of the Zero flag can be per-
formed using BTFSS or BTFSC as dis-
cussed in Tutorial S.

Taking PORTB again as the example
file, the command formats are INCF
PORTB,W or INCF PORTB,F, and DECF
PORTB,W or DECF PORTB,E. As previ-
ously discussed, the result of either com-
mand with a W suffix is that the new value
is held in W, the file itself remaining
unchanged. Conversely, the F suffix returns
the new value to the file stated. Both F and
W suffixes affect the Zero flag response.
(Table 1 shows the flags affected by any
command.)

COMMANDS INCFSZ
AND DECFSz

There are two commands which, respec-
tively, can replace the INCF and DECF
commands and which automatically test
the Zero flag, taking the appropriate route
depending on the truth of the answer.
These commands are INCFSZ and
DECFSZ, as defined at the start of this
section.

Using PORTB as the example file, the
command formats are INCFSZ PORTB,W
or INCFSZ PORTB.,F and DECFSZ
PORTB,W or DECFSZ PORTB,F. If the
result of any of these commands is zero,
the Zero flag is automatically set, other-
wise the Zero flag is cleared. The status of
the flag determines the program routing in
the same way as if the flag had been tested
using BTFSS STATUS,Z or BTFSC
STATUS,Z.

COUNTING UP AND
DOWN

Listing 7 illustrates two loops, one
counting up, the other down, alternating
between the two after each 256 steps.
INCFSZ is used in the first, DECFSZ in
the second. Before entering the loops, at
the label BEGIN the counter (COUNT) is
cleared. Then at LOOPI the command
MOVF COUNT,W is given, followed by
MOVWEF PORTB.

You should now recognise what the
actions do: they cause the value of COUNT
to be output to PORTB. Next, the com-
mand INCFSZ COUNT,F is given, adding
1 to the value of COUNT, simultaneously
checking if it has reached zero. An answer
of not-zero (Z = 0) causes command
GOTO LOOPI1 to be performed.

Eventually, when COUNT has rolled over
to zero, after 256 increments, GOTO LOOP]
is skipped (bypassed) and LOOP? is entered
where the command MOVF COUNT,W is
performed, followed by MOVWF PORTB.
These two lines are repeats of those at the
start of LOOP1. We shall see later how dupli-
cated lines of code can be avoided by using
the code once in a sub-routine, calling it from
any other routine that we wish.

Next, DECFSZ COUNT,F is performed,
decrementing COUNT from the entry
value of zero. COUNT thus rolls back to
255. Simultaneously, the command checks
if COUNT has reached zero. If it has not,
GOTO LOOP2 is performed. When
COUNT has decremented to zero, com-
mand GOTO LOOP1 is performed and the
cycle restarts, and so on.

It will be spotted that the use of a sepa-
rate counter is not actually required in this
example. We could increment or decrement
the value of PORTB directly, but we are
using COUNT instead to illustrate the use
of a separate file to store data. We might,
for example, want to increment COUNT,
and then go off and do some other process-
ing using COUNT’s value, outputting that
answer to PORTB instead.

EXERCISE 6

6.1. If you were to use INCF and DECF
instead of INCFSZ and DECFSZ, what
would be the necessary changes to the
program?

6.2. What extra commands would be
needed to start each loop with a non-zero
value, while still counting until zero
occurs?

6.3. What would happen if you had erro-
neously used W instead of F in one or other
of the INC/DEC statements?

NEXT MONTH

In Part Two we show how to use
switches, generate sound, perform timing,
use 7-segment l.e.d. and alphanumeric
l.c.d. displays, and have more fun with our
command performance!
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v Very low cost
v Buitt in sensors for light, sound (level and
waveforms) and temperature

v Use DrDAQ to capture fast signals (eg
v

v

sound waveforms)

Outputs for control experiments
Supplied with both PicoScope
(oscilloscope) and Picolog (data logging)
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The DrDAQ is a low cost data logger from Pico
Technology. It is supplied ready to use with all
cables, software and example science
experiments.

DrDAQ represents a breakthrough in data
logging. Simply plug DrDAQ into any Windows
PC, run the supplied software and you are ready
to collect and display data. DrDAQ draws its
power from the parallel port, so no batteries or
power supplies are required.

As well as the built in sensors, DrDAQ has two
sockets for external sensors. When a sensor is
plugged in, the software detects it and
automatically scales readings. For example, if a
temperature sensor is plugged in, readings are
displayed in °C . Details are provided to allow
users to develop their own sensors.

To order the DrDAQ please choose one of the following options:
i) Visit our web site and place an order over the Internet,
ii) Place an order over the phone by ringing the number below,or,
iii) Fill out the order form and either fax it, or post it back to Pico Technology.

DrDAQ Order Form:

Package Price inc VAT Total
DrDAQ + Software £69.32

W DrDAQ + 2 Temp £92.85
Sensors
DrDAQ + 2 Temp, pH £175.08 Visa I Mastercard / Swilch / Amex

Electrode, Hunidity +
Reed Switch Sensors

ll

Expiry Date / Start Date & or Issue No.
Cheque with order 3

Pico Technology Ltd, The Mill House, Cambridge Street, St Neots, Cambridgeshire. PE19 1QB
Tel: 01480 396395, Fax: 01480 396296, E-mail: post@picotech.com, Web: www.drdaq.com

Dekvery i £4.11 £4.11
i
Grand Total | ¢




EPEPIC  /froas
RESOURCES

This CD.ROM The software \

requires should auto-run '|‘
Adobe Acrobat it not, double-click |

[ ] Reader™ on: My Computer,
Acrobat Reader v5.05 your CD drive and /

® PIC Magick Musick (use of 40kHz transducers),
John Becker, Jan '02

® Programming PIC Interrupts, Malcolm Wiles, Mar/Apr "02
® Using the PIC's PCLATH Command, John Waller,

is ncluded then on the fite
on the CD-ROM. index.pdt
/
A companion to the EPE PIC /
PIC RESOURCE
Tutorial V2 series of Supplements ONLY N\ Sou S v 4
N\ © Wimbome Publishing Ltd 2003
(EPE April, May, June 2003) i P
£14.45 -
. . . ——————
Contains the following Tutorial-related INCLUDING
software and texts: VAT and P&P
@ EPE PIC Tutorial V2 complete demonstration software, Order on-line from
John Becker, April, May, June '03 www.epemag.wumborne.co.quhoonor.htm
® PIC Toolkit M3 (TK3 hardware construction details), or www.epemag.com (USA § prices)
John Becker, Oct '01 or by Phone, Fax, Email or Post.
® PIC Toolkit TK3 for Windows (software details), John I' """""""""""""""" ‘:
Becker, Nov '01
. EPE PIC RESOURCES CD-ROM |
Plus these useful texts to help you get the most out of your ! !
PIC programming: ' ORDER FORM X
' : ! 1
@ How to Use Intelligent L.C.D.s, Julyan llett, Feb/Mar '97 i Please send me ........ (quantity) EPE PIC RESOURCES CD-ROM :
® PIC16F87x Microcontrollers (Review), John Becker, : Price £14.45 each - includes postage to anywhere in the world. 1
April '99 1 1
® PIC16F87x Mini Tutorial, John Becker, Oct '99 Ao o= o oot bo s aaXica s aziaal fas e o :
® Using PICs and Keypads, John Becker, Jan '01 U AQdress . ..o !
® How to Use Graphics L.C.D.s with PICs, John Becker, : :
Feb '01 b o
@ PIC16F87x Extended Memory (how to use it), ' .
John Becker, June '01 ] Goaaaaaaaaaa0a8a0060000a0a0000000¢ b
® PIC to Printer Interfacing (dot-matrix), John Becker, i
Juy'od b Post Code ... .... :
'
-
'
'
1
1
July ’02 e |
® EPE StyloPIC (precision tuning musical notes),
John Becker, July '02 CardNo. ..............
® Using Square Roots with PICs, Peter Hemsley, Aug '02 Card Security Code . . .. ......(The last 3 digits on or just under
® Using TK3 with Windows XP and 2000, Mark Jones, the signature strip)
Oct '02
® PIC Macros and Computed GOTOs, Malcolm Wiles, ExpiryDate . .............. ... Switch Issue No.
Jan '03

® Asynchronous Serial Communications (RS-232),
John Waller, unpublished

® Using I2C Facilities in the PIC16F877, John Waller,
unpublished
® Using Serial EEPROMSs, Gary Moulton, unpublished

@ Additional text for EPE PIC Tutorial V2,
John Becker, unpublished

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.

NOTE: The PDF files on this CD-ROM are sitable to Send a copy of this form, or order by letter if you do not wish to cut your issue.

use on any PC with a CD-ROM drive. They require
Adobe Acrobat Reader — included on the CD-ROM S B 2

BECOME A PIC WIZARD WITH THE HELP OF EPE!
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READOUT

Email: john.becker@epemag.wimborne.co.uk
John Becker addresses some
of the general points readers

have raised. Have you anything
interaesting to say?
Drop us a line!
All letters quoted here have previously been replied to directly.

WIN A DIGITAL
MULTIMETER

A 3'k digit pocket-sized I.c.d. multime-
ter which measures a.c. and d.c. volt-

age, d.c. current and resistance. It can

also test diodes and bipolar transistors.

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

WIND SPEED METER

Dear EPE,

I greatly appreciate John Becker's Wind-
speed Meter article in the Jan "03 issue. Some
time back, as the first step in designing an
autonomous house for a difficult site (north
slope, coastal Donegal), | thought that a year of
local weather data would be useful. The suite of
parameters | wanted is much like John's
Weather Centre he's doing (but no soil mois-
ture: there's standing water on 30° slopes during
the two-week dry spell in August).

I designed an ultrasonic anemometer at the
mathematical level, persuading myself that |
could obtain 0-1m/s and 17 angular resclution.
But our electronics lab, having been obliterated
in favour of administrative offices, made no
effort at construction. My current thinking
favours triangular sensor placement, as in some
commercial anemometers,

Creagh House (near Ballinrobe) occupied a
third of an acre when it was built in 1870, but
half of it burned down in 1930, and the remain-
der was last used as a research station by the
Forestry Dept., ca. 1980. Clearing out a back
room over a weekend. | came a cross a vintage
cup anemometer painted in battleship grey, suit-
able for driving a speedometer cable down to
the ground floor (or bridge, depending). With a
bit of elbow grease it has become found art in
gleaming copper, brass and bronze. Lovely
device!

For remote data collection 1 have an Onset
4-input Hobo data logger, currently gathering
only indoor and outdoor temperature, with a
Motorola MPX4115AP barometer waiting in
the wings. 1 still need an RH sensor — although
100% is not a bad estimate at any given time.
Onset sells a “data shuttle” which carries data
back to my Macintoshes, and offers free Boxcar
software to process it. 1 then appropriate the
data arrays for my own analysis and, eventually,
house-management program.

The question of remote rainfall measurement
with no moving parts is challenging! I belong to
Nat. Uni. Ireland Galway's Environmental

% LETTER OF THE MONTH %

Change Institute, and we discuss such things
carpooling to work. One approach contem-
plates a V-weir in the roof-drain, sensed by a
capacitive level sensor — but there’s the prob-
lem of compatibility with a system that col-
lects data at prescribed times and turns on its
sensors |5ms before reading them.

Onset's approach to rainfall is a sep-
arate event logger, www.onsetcomp.com/
Products/3648_event.html, which records
tmes from a tipping bucket. I will be very
wterested to see what John comes up with! (I
see that Onset now sell a small weather station
with cup anemometer and tipping bucket that
runs for a year on four AA cells.)

As an American, 1 was impressed by the
number of ads for prototyping boards in EPE,
but disappointed to discover that they invari-
ably talk to computers that I haven’t touched
for 20-odd years, in a language of no distinc-
tion at all. Nothing for Macs in Forth! Bizarre!
(I disliked Bill Gates and his work by 1978,
and have used nothing of his since. One bene-
fit has been complete freedom from viruses;
another is working software.)

Keep up the good work.

Ferren MaclIntyre,via email

Hi again Ferren, many thanks for your
interesting comments (and for the personal
emails we exchanged!).

I'm not sure my maihs is up to doing trian-
gulated wind speed sensing, but it’s an inter-
esting thought. I'm using 4-quadrant sensing.
Rain I'm intending to sense ultrasonically as
well, probably a mixture of phase shift of the
Ux signal and distance sensing, in relation to
the surface of water in an open container. My
intention is to have no moving parts whatso-
ever in this design. I've done mechanical
weather designs in the past and now want to
move on!

We principally support Gate's products as
maost readers have them, but we do periodical-
ly get yells of “Bill's broken my Windows
again”!

DUCK OR GROUSE

Dear EPE,

Recently I read your Feb "0l Supplement on
Using Graphics LCD Displays. The information
that you have provided is excellent.

I have tried your code on a Toshiba GLCD,
model TLX-1013-E0. This is slightly bigger
compared to the PG12864 you used. Its resolu-
tion is 160 by 128 pixels, and it is also controlled
by the T6963C. Your Demos work well on this
l.c.d., except for Demo 8, which I could not get
to work because I do not know how to include
the DUCKO08.MSG file using my Microchip
PICStart Plus programmer. Please could you
kindly advise.

For your information, the TLX-1013-E0
datasheet can be download from the Internet. |
keyed in Toshiba, LCD, TLX in the Yahoo
search engine which led me to the datasheet.
The pins layout is slightly different from the
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PG12864. Furthermore, the contrast pin for
TLX-1013-EO0 needs about ~7-5V for its display
contrast setting.

Using your code directly on the TLX-1013-
EQ, it displays only on the upper half screen,
with garbage being displayed on the lower half.
The lower half screen’s start address is at H8000
and the garbage can be easily cleared by your
Clear routine set for this address.

Tan Lawrence, via email

I am not familiar with PICstart, Lawrence,
and cannot offer you a positive opinion.
However, it seems likely that it can accept data
statements within ASM files for direct loading
into the PIC's Data EEPROM when the main
program is downloaded into the PIC. If so, you
could enter the Duck data as such statements.
Have a chat with Microchip via www.
microchip.com, or your PICstart’s suppliers.

INTERFERENCE

Dear EPE,

Regarding the News item about Tetra safety
(Mar '03) ~ it is about time the makers of medical
equipment, etc. got their act together. Surely they
must realise that they live in the real world where
spurious radiation leaks out and always will.
Mobile communications equipment are a fact of
life, but as usual, elementary screening precautions
go out of the window in favour of cost reduction.

For example, a large London research hospi-
tal enclosed an operating theatre with chicken
wire thinking it would suppress interference. It
didn’t, especially as there were no signal filters
in the various service lines in and out, also the
doors were just wood. Proof of the pudding is, if
a radio works inside a room it is not screened.

Here are some instances of manufacturing
stupidity: Large CCTV cameras were letting
interference in because the metal lens assembly
was separated from the screened box by a layer
of paint. Scrape off the paint and let the lens case
bind to the metal and problem solved. Hi-fi gear
that just needed a tiny capacitor across the input
amplifier lead to stop it pretending it was a wide
band amplifier and picking up all that was there.

Some years ago an American pressure group
showed a plan of cancer deaths along a
microwave link path. Anybody who knows even
a little bit about aerials knows that several radi-
ation side lobes exist, yet there were no cancers
marked except in the straight line between A and
B. Called selective reporting I believe.

Then you see staff with mobile phones,
pagers and even old fashioned walkie talkies,
and ambulances outside the accident and emer-
gency dept with powerful transmitters reporting
back to base, one wonders if the whole question
is not a tiny bit hyped up.

I used to be involved in the design of screened
rooms and the boss wrote a book about screening
problems and solutions. First line was, you can sup-
press anything if you have a big enough hammer.

G.S.Chatley, via email

The jury seems to be still out on all of this
G.S. But even if it does come out against any
form of electromagentic radiation, on the basis
that it is injurious to health, could society accept
and implement its judgement? Society would
crash if it did. The best we can do is limit our
exposure to such radiations. I for one do not
wish to have a transmitter next to my brain for
any longer than is necessary and only use a
mobile phone when essential. It grieves me to
see them in such widespread constant use, espe-
cially next to the brains of young children.

On a more mundane level, when I was still in
film making, one of the recording theatres I used
had problems with radio taxi transmissions
breaking into the amplifier circuits. Chicken
wire did solve that one, but the entire building
had to be enclosed.

SERIAL EEPROM USE

Reader Gary Moulton has kindly presented
us with a software discussion, complete with
example program listing, about using serial
EEPROM chips with PICs. This has been placed
on our FTP site in the PIC Tricks sub-folder of
the main PICs folder, under the title Using Serial
EEPROMS.

Many thanks Gary, your gift is appreciated.
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P.C.B. CAD

Dear EPE,

It seems a long time since there was a review
of p.c.b. layout software in EPE. 1 haven’t found
it that easy to find simple. cheap. hobbyist share-
ware stuff by searching the web. Most trawls 1
try throw up heavyweight professional
CAD/CAM packages which do schematic cap-
ture, multiple layers, autorouting. gerber output,
and have price tags to match.

I currently use a particular p.c.b. CAD pack-
age that I bought some years ago. I've been rea-
sonably satisfied with this software — it does
most things | need it to — but the PC I run it on is
beginning to show its age now. It's slow by
today's standards, about one time out of three it
fails to boot properly. and the incidence of funny
crashes and blue screens is increasing. 1 fear that
before too long I'm going to have to face up to
the issue of replacing it, before it becomes
impossible to buy PCs with serial and parallel
ports on them at all.

I'm dreading this because I'm going to have to
make decisions like whether to stick with
Win98SE. which I run now and know fairly well
despite all its shortcomings. If 1 do that all my
existing stuff should run OK, but I'll be increas-
ingly cut oft from newer apps and interfaces that
will increasingly tend to be written only for XP.
Or 1 could change to 2000 or (heaven forbid) XP.
For better or worse these are the way forward
and 1 probably can't resist progress forever. But
I'll no doubt have trouble getting some of my
existing old and well-loved programs to run on a
new PC, including my p.c.b. layout program.
Hence I'm wondering about possible p.c.b. CAD
replacements.

Maybe it would be a topic one of your regular
authors might like to look at sometime.

Malc Wiles,
via email

Hi Malc, I know this is something we have dis-
cussed in private emails, but readers could be
interested in a summary of the discussion.

You've hit on a bit of a thorny problem.
Everyone who's into writing for EPE will
already have their own favourite p.c.b. CAD. The
research time for other packages would not real-
Iy be viable for them to do reviews of the various
options available.

The best advice we feel we can currently offer
readers is that they obtain the free demos from
those who do p.c.h. CAD and judge for them-
selves. It is acknowledged, though, that informa-
tion about what to look out for in such packages
would be highly beneficial to those who have not
vet got into p.c.b. design software. Mavbe this is
an area that we could cover in general terms
sometime. Thanks for the suggestion.

BLOWING IN THE WIND

Dear EPE.

I've read John Becker's Wind Tunnel article
(Feb *03) as I was interested to know how he was
going to control the speed of an induction motor.
Not a trivial task, as he has found.

1 am hardly surprised by his findings of motor
characteristics at different frequencies. As most
people know, mains a.c. motors are designed to
run at 50Hz (or 60Hz). Below this frequency the
inductive reactance of the winding gets less and
less so leading to a rapid increase in current,
largely limited by the d.c. resistance of the wind-
ing. Above 50Hz the inductance of the winding
plays a greater and greater role in limiting the
maximum current and hence maximum torque
available. this coupled with increasing iron
losses is why the speed actually reduces as the
frequency increases above 100Hz.

Three-phase motor speed controllers (known
as frequency inverters) vary the output voltage as
well as the frequency and for fans the output
would be set to the square law voltage/frequency
curve. One of these units would actually drive a
single phase induction motor of this type, but at
a trade price of around £100 for the smallest of
them it is obviously far too expensive for this
application.
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An alternative driver could be based on some-
thing similar to Thomas Scarborough’s excel-
lent World Lamp design (Jun "02) in which the
pulse width could be made to vary with the fre-
quency. The output waveform would be far from
ideal but I see no reason why it should not work
successfully, the output of smaller commercial
three-phase drivers is only a very crude sine
wave.

Peter Hemsley,
via email

That's interesting, Peter. I was dipping into
areas unknown with the motor and was surprised
ar its behaviour, but assumed that torque came
into it. The technique was found to be quite sat-
isfuctory for what I wanted of the tunnel.

TOUCH LAMPS

Dear EPE,

I am currently studying my A levels at Tring
School in Hertfordshire. One of the subjects that
I am studying is Design and Technology. My
project this term is low voltage lighting and 1
have to research low voltage lights which will
help a person work on a desk. One specific
design idea that has caught my eye is touch
tamps. 1 have searched for a long time on the
internet and in electronic books and magazines
for circuits.

Do you have a circuit which would make a
touch lamp work? If you do. please could you
email the circuit to me.

Richard Lear, via email

There are two recent designs that might inter-
est vou, Richard, one is the Touch Switch of
September 01, although it does not control a
mains lamp. The other is the Time Delay Touch
Switch of Junuary '02.

I hope that your teacher has impressed on vou
that mains powered circuits are potentially lethal
and that until you are suitably experienced, you
should only construct them under the supervi-
sion of someone who is qualified 10 handle such
circuits.

It regretted, though, that even when we have
information available we can never offer to send
it by email. There is ahways a charge made for
Back Iisues and photocopies, and these can only
be sent by post. Prices are stuted on the Back
Issues page each month. Alternatively you can
download recent issues for 35 (US) from our
Online website.

REAL TIME CLOCKS

Dear EPE,

Reader Andrew Jarvis asked in Readout Jan
'03 about power saving and PIC clocks. When
1 was experimenting with your PIC World
Clock (Aug '02), I found an old MT48T02B
“timekeeper” RAM chip in my component
drawer (Maplin’s code DCOI1B). This could
provide the answer to Andrew's problem. This
RAM chip has an onboard clock, taking up the
last eight bytes of its 2048 byte capacity. It will
provide time keeping in years, months, days,
hours, mins and secs in BCD format, accuracy
+1 sec per month. The chip has onboard lithi-
um battery back-up for approximately ten
years, so should only be a maximum of two
minutes out!

If Andrew were to use a transistor as a switch
in the circuit’s power line and held its base on
with a spare PIC I/O port, a simple timing rou-
tine could turn off the whole circuit (a sort of
PIC suicide switch!) — no power drain on the
main battery and clock functionality carries on.
A pushbutton “starter” on the transistor's base
would boot the lot up again. With nearly 2K of
RAM left. recordings could be made of any data
wanted just before the “kill”.

As is life, though, you don’t get something for
nothing. On-state power consumption goes up,
as does the cost!

Graham Card, via email

Hi again Graham, thanks for the info, which I
sent on to Andrew when [ received vour email.

WELL SCORED!

Dear EPE.

Many years ago, longer than I care to think
about, I transferred from what used to be
Practical Wireless to EPE, buying copy number
one. | pursued the hobby, building all kinds of
interesting constructional projects. including the
first ever Teach In that launched me on to my
career in a branch of electronics. My hobby
became my job. so somewhere along the way 1
am afraid I no longer did my projects or, to my
regret, read the magazine.

Having lost the art of doing Project
Construction now that 1 am retired, and needing
some construction knowledge, 1 searched the
bookstall looking for EPE, and I was just thrilled
to find it, and that you have looked after it won-
derfully well, it’s just as I left it. You now have
an oid (old) reader back.

1 am hoping that you or your contributors may
be able to help. I run a quiz, and would like to
make a score display that could be advanced by
increments of | or reduced by | (to overcome
any mistakes). I had in mind a 7-segment display
possibly about S0mm high that would count to
99. Any offers?

John Reynolds, Peterborough. via email

Welcome back John! I too am fascinated by
electronics and many vears ago had to make the
choice abour whetlier or not to make my hobby
my job — well, you know the answer!

Your idea should not be difficult to implement,
although I can't offer to design one for you, but
by quoting vour letter here it might inspire a
reader to do so and offer it to us.

BABEL FISH?

Dear EPE.

I am a student and looking for a Sonar Fish
Finder circuit to construct as my project. Can
you help?

Kyaw Swa Thant,
via email

I replied direct saving we had not done any-
thing like this and suggested Kvaw asked his
question via our Chat Zone (entrv via top link on
our Home page at www.epemag.wimborne.
co.uk). Just for a bit of lightheartedness, here
are extracts from the CZ offerings that resulted:

E-friend John Waller comments that “Fish
don’t make much noise. they are interested in
surviving.”

Jez Smith (what refreshment are you on Jez?!)
says, “] have-visions of an ickle cat in a glass
box, you lower the box into the water and wait
till the cat tries to catch the fish. Depending on
which way the cat looks the weight shifts and
you can detect that and display it

While Boris wants to know, “What do Sonar
Fish taste like?”

Kyle Curre came back on that one with “1
imagine Sonar Fish tastes a tad like Infra-red
Fish. with that sort of 40kHz vibration tingling
on your tongue. Here's your fish-finding circuit:
1000V a.c.. into the water. The fish pop to the
surface, and pow! You've found them. Now take
a laptop with a graphics tablet and draw it on the
led.”.

With a return posted by Boris — “As a boy, one
of my ‘inventions’ was an automatic goldfish
bowl cleaning system. 1t was basically just two
large-surface-area electrodes, one at either end
of the tank with a small d.c. potential across
them. Theory being that the ‘dirt” will collect on
the anode and keep the water clear. Of course,
the first time 1 tested it. both the fish were
instantly electrocuted. 1 kind of lost the will to
keep fish after that . . .

And before any Hitch Hiker fan asks — no, a
Sonar Fish is not u relative of the Bubel Fish!

What reader Kyaw Swa Thant appears to be
looking for is a circuit for a device that transmits
an ultrasonic signal (sonar) whose returned
echoes are processed to show on a display screen
the presence of submerged objects that might be
fish. Commercial fishing boats use them.

Does anvone have u sensible answer to offer?!
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TRcontror TOTALROBOTS

Robotics, Control & Electronics Technology

S.oluti,ﬁ':’n S

Innovative Products Imaginative Solutions

12C and Serial
_CD Modules

Programmable
Mobile Robots

Embedded Internet
Scilutions

Rapid Robot Arms
Devslopment
Micro-Controliers

Visit our site www.totalrobots.com
or Phnone us ON 020 6oldo 9200 or Phone Uus on 020 8823 9220

20% discount for EPE readers
digimess® power supplies from £99.00 inc vat & del

Vann Draper Electronics Ltd
The test & measurement specialists
www.vanndraper.co.uk
Test equipment from Grundig, digimess,
Kenwood, Hameg, Tektronix, Avo and more.

Vann Draper is offering over 20% discount to readers of Everyday Practical Electronics

on their new range of low cost digimess® power supplies. e i

o (PriICE) <.
The range includes single, dual, triple and high current output types. All feature LED
displays of voltage and current and can be operated in constant voltage or constant
current modes. Dual and triple types have switching for independent, series, parallel

and tracking modes. All models are supplied complete with mains lead, operating manual
and a 1 year guarantee.

Model number HY3003 HY3003-2 HY3003-3 HY3010 HY3020 I
Price (inc vat & del*  £99.00 £169.00 £199.00 £275.00 £375.00
Nojof outputs Single Dual Triple Single Single : Cheques payable to Vann Draper Electronics Ltd
Output voltage 0-30V 2 x 0-30V 2 x 0-30V, 5V 0-30V 0-30V uk debit nfy visa, mastercard or switch card:
Output current 0-3A 2x0-3A 2x0-3A,3A 0-10A 0-20A |} Card type:
)
Load regulation <0-01% <0:01% <0-01% <0-02% <0-02% ! Card No:
1 ]
Ripple & noise <tmV rms <im¥mms «<«imVms <3mVrms <3mV rms } Expiy date: T
Dimensions (mm) 291x158x136 365x265x164 365x265x164 365x265x164  365x265x164 '
)
. ! signature:
To order, simply post the coupon to: R
vann Draper Electronics Ltd, Stenson House, Stenson, Derby DE73 1HL. H g‘verseas readers can siit obtain this discount but carriage
Or Tel 01283 704706  Fax 01283 704707  Emalil sales@vanndraper.co.uk Nl syt Rl da i
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with David Barrington

Earth Resistivity Logger

Nearly all the major components needed to construct the Earth Resistivity
Logger project came from RS Components and can be ordered through any
bona-fide stockists, including some of our advertisers. If a local source proves
to be elusive, you can order direct (credit card only) from RS on ® 01536
444079 or through the web at rswww.com. A postage and handling charge
will be made.

The two-part case, with transparent lid, used in the prototype came from
RS and is coded 507-668. However, during prolonged field surveys it was
found that the specified battery “life” was short-lived and it is suggested that
a larger size case be used to take a more substantial 9V battery pack.

The above-mentioned company also supplied the ICL7660 voltage invert-
er, code 427-304, and the RS-232 interface driver type MAX232, code 655-
290. Although both devices should be readily available from components
advertisers.

We only found one listing for the 24LC256 256 kilobit serial EEPROM
memory chip, and that was Farnell (@ 0113 263 6377 or www.farnell.com),
code 300-1696.

For those readers unable to program their own PICs, a ready-programmed
PIC16F876 microcontroller can be purchased from Magenta Electronics
(S 01283 565435 or www.magenta2000.co.uk) for the inclusive price of £10
each (overseas add £1 p&p). They also supplied the 2-line 16-character (per
line) alphanumeric I.c.d. module.

The software is available on a 3-5in. PC-compatible disk (Earth Resistivity)
from the EPE Editorial Office for the sum of £3 each (UK), to cover admin
costs (for overseas charges see page 299). It is also available for free down-
load from the EPE ftp site, which is most easily accessed via the click-link
option at the top of the home page when you enter the main web site at
www.epemag.wimborne.co.uk. On entry to the ftp site take the path
pub/PICS/EarthRes, downloading all files within the latter folder.

Finally, the printed circuit board is available from the EPE PCB Service,
code 388 (see page 299).

Intelligent Garden Lights Controller.

Apart from the PIC microcontroiler and associated software, the only other
component listed in the Intelligent Garden Lights Controller project that is like-
ly to cause concern is the switching relay. The miniature 12V d.c. coil, p.c.b.
mounting, relay used in the model has switching contacts rated at 16A 250V
a.c. and was purchased from Rapid Electronics (& 01206 751166 or
www.rapldelectronics.co.uk), code 60-4620. Extra holes have been drilled
in the circuit board to cater for other possible p.c.b. mounting types.

If you wish to use the identical low-profile pushbutton switch, this came
from the above company, code 78-1520. They also supplied the miniature
5mm dia. light-dependent resistor (L.d.r), but these should be generally
available.

A pre-programmed PIC16F627 (PICAXE-18) microcontroller can be pur-
chased (mail order only) from M. P. Horsey, Electronics Dept, Radley
College, Abingdon, Oxon, OX14 2HR, for the inclusive sum of £5.90 each
(overseas add £1 p&p). Make cheques payable to Radley College. it shouid
be noted, however, that readers who wish to modify the BASIC program to
suit their own requirements need to use the PICAXE programming software
and serial lead that is only available from Revolution Electronics, Dept EPE,
4 Old Dairy Business Centre, Melcombe Road, Bath BA2 3LR. Tel: 01225
340563. Web: www.rev-ed.co.uk. (This software is not available from EPE).

The BASIC and hex files are available for free downioad from the EPE ftp
site. This is accessed via the main page of the EPE web site at
www.epemag.wimborne.co.uk. At the top is a click-link saying FTP site
(downloads), click it then click on PUB and then on PICS, in which screen
you will find the Garden Lights folder.

The software can also be obtained on a 3.5in. disk (Disk 6) from the
Editorial office. There is a nominal handling charge to cover admin costs and
details are given on page 299.

The printed circuit board is obtainable from the EPE PCB Service, code
389 (see page 299).

Atmospherics Monitor

We have not been able to establish a supplier for the 200mm length of fer-
rite rod for the Atmospherics Monitor project. One possibility might be J&N
Factors (® 07444 881965 or email jnfactors@aol.com), who sometimes
acquire ferrite rod aerials which they offer at a very reasonable price.
Alternatively, readers may need to adopt the author’s suggestion and glue two
100mm rods end-to-end.

The 250uA signal strength panel meter (code LB80B) and the piezo
sounder (code FM59P) both came from Maplin (B 0870 264 6000 or
www.maplin.co.uk). The LM358 dual op.amp is a very common device, but
the author suggests the National Semiconductors op.amp be used here.
Obviously, the “plumbing” parts will be found at any DIY superstore.

Back-To-Basics 3 - Touch Light/Plant Watering Reminder

We do not expect readers to experience any buying difficulties when shop-
ping for components for the two projects in this month’s instalment of the
Back-To-Basics series.

PLEASE TAKE NOTE
Digital I.C. Tester

Updated software is now on our ftp site.
PIC Toolkit TK3 (Nov ‘01 - Supplement)
Software version V1.4, including source code, is now on our fip site (it
is the same as that on the PIC Resources CD-ROM - see page 270).

{Oct/Nov '02)

/
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Get your magazine “instantly”
anywhere in the world —
buy from the web.

TAKE A LOOK,
A FREE ISSUE
IS AVAILABLE

A one year subscription
(12 issues)
costs just $10.99 (US)

www.epemag.com

Watch Slides on TV.

Make videos of your slides. Digitise your slides
(using a video capture card)

“Liesgang diatv” automatic slide viewer with built in
high quality colour TV camera. It has a composite
video output to a phono plug (SCART & BNC adaptors
are available). They are in very good condition with few
signs of use. More details see www.diatv.co.uk.
£91.91 + VAT = £108.00

Board cameras all with 512 x 582 pixels 8-5mm 1/3 inch sensor and composite video
out. All need to be housed in your own enclosure and have fragile exposed surface
mount parts. They all require a power supply of between 10V and 12V DC 150mA.
47MIR size 60 x 36 x 27mm with 6 infra red LEDs (gives the same illumination as a
small torch but is not visible to the human eye) £37.00 + VAT = £43.48

30MP size 32 x 32 x 14mm spy camera with a fixed focus pin hole lens for hiding
behind a very small hole £35.00 + VAT = £41.13

40MC size 39 x 38 x 27mm camera for 'C’ mount lens these give a much sharper
image than with the smaller lenses £32.00 + VAT = £37.60

Economy C mount lenses all fixed focus & fixed iris

VSL1220F 12mm F1.6 12 x 15 degrees viewing angle £15.97 + VAT £18.76
VSL4022F 4mm F1-22 63 x 47 degrees viewing angle £17.65 + VAT £20.74
VSL6022F 6mm F1-22 42 x 32 degrees viewing angle £19.05 + VAT £22.38
VSL8020F 8mm F1-22 32 x 24 degrees viewing angle £19.90 + VAT £23.38

Better quality C Mount lenses
VSL1614F 16mm F1.6 30 x 24 degrees viewing angle £26.43 + VAT £31.06
VWL813M 8mm F1.3 with iris 56 x 42 degrees viewing angle £77.45 + VAT = £91.00
1206 surface mount resistors E12 values 10 ohm to 1M ohm

100 of 1 value £1.00 + VAT 1000 of 1 value £5.00 + VAT
866 battery pack originally intended to be
used with an orbitel mobile telephone it con-
tains 10 1-6Ah sub C batteries (42 x 22 dia.
the size usually used in cordless screw-
drivers etc.) the pack is new and unused
and can be broken open quite easily
£7.46 + VAT = £8.77

Please add £1.66 + vat = £1.95 postage & packing per order

JPG Electronics
Shaws Row, Old Road, Chesterfield, S40 2RB.
Tel 01246 211202 Fax 01246 550959
Mastercard/Visa/Switch
Callers welcome 9.30 a.m. to 5.30 p.m. Monday to Saturday
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SURFING THE INTERNET = &8s o-

NET WORK

ALAN WINSTANLEY -

A Virtual Industry

LAST month, the popular online auction site eBay
(www.ebay.com or www.ebay.co.uk) was introduced for the
benefit of those who are relatively new to Internet usage. Ebay is
a wonderful way of selling merchandise that is too good to throw
away, and there is a good feeling to be had in selling your wares
knowing that it is going to a good home. This month’s Ner Work
offers more practical tips to help you get the best out of online
auctioneering, partly because it foows the writer’s best Yorkshire
tradition of not spending more brass (money) than he ever
needs to!

After registering vour details online with eBay, you are ready to
bid or sell online. and there are many “eBayers” who run a cottage
industry by trading through their web site. You can sell through
them for a modest commission that eBay will deduct directly from
your current account a few weeks later.

When it comes to buying, eBay provides its members with a *My
eBay” web page (see screenshot) where you can store items to mon-
itor the bidding and keep track of your purchases. The My eBay
page forms the hub of all your transactions. Two buying options are
provided, sometimes “Buy It Now” lets you offer to buy on the spot,
but usually an auction will take place lasting for anything up to ten
days. (If you’re selling, it is worth using a ten-day period, also
trying to ensure that two weekends are included to improve your
chances of selling.)

When browsing for bargains, it pays to get a good feel for prices
before getting carried away, but it’s no secret that some really juicy
bargains can be had, if you play your cards right. Decide on a max-
imum price, and maybe add 5% as a safety margin.

Beware of Bargains

There are plenty of genuine traders, but if some items are listed
very cheaply and you think there must be a catch, there almost cer-
tainly is, so you need to follow your instincts. In the case of com-
puter software for example, it stands to reason that if an expensive
product such as Adobe Photoshop 7, which retails at £530 (3820),
is being sold on eBay for only £10 “to be used for backup purpos-
s only” then there is a good chance that a CD-writer has got in the
way somewhere along the line.

Casting a keen eye over the descriptions and seller’s ratings can
yield some genuine bargains:
brand new, shrink-wrapped
Photoshop 7 for well under
£300 is a bargain, especiaily if
it can be registered with the
software company. The author
sourced a whole suite of gen-
uine new Adobe software this
way for less than half price.

If you really don’t need the
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week or two, a number of new shrinkwrapped copies came up for
sale that eventually sold for about £260 to £280.

Another copy came up on a ten-day auction and users immedi-
ately started bidding for it, eager not to miss out this time around.
At the time of writing the price has already reached £330 and there
is still a week to go!

It is a mistake to show an interest too early, because it just stokes
up the price and highlights the competitive level of interest. Instead,
choose to watch the item on your “My eBay” page for a few days
to see how it’s going, and also search for similar items on sale at the
same time.

Also remember to check an item’s payment options carefully, so
that you don’t trap yourself into paying, for example, by Paypal if
you are not a registered user. Paypal (www.paypal.com) is a very
popular way of accepting credit cards online, and it is fully inte-
grated into eBay. Check the Paypal web site closely for details of
the registration process, which can take up to 30 days to complete,
as it requires verification of a nominal test entry on your credit card
statement.

Snipe a Bargain

As mentioned last month, eBay uses a system it calls proxy bid-
ding, so you can enter a maximum bid in the knowledge that you
could actually win for much less, if no-one else bids. Bidding is
raised in fixed increments (say £2 or £5). By timing your maximum
bid correctly, you could enter a value that you are sure no-one else
will want to beat (say £350 for Photoshop 7); you then become the
highest bidder, but your actual price will only be one increment
above the current price (say £285).

In this way, then if no-one else bids, you can win an auction by
pricing everyone else out of the market, because they would have to
exceed your maximum bid (in which case, they’re welcome to it).
However, having forced up the price, someone could still outbid
you and win by as little as one penny. It can be an exciting if not
nerve-wracking experience, watching the bids suddenly mount up at
the last moment.

Seconds Out

This is a crucial aspect of bidding: an “‘eBay-savvy” user will only
bid in the closing moments of an auction. If you are struggling on
ordinary dial-up Internet access, then you have no hope of refresh-
ing your screen in time to fetch
the latest bids, so you cannot usu-
ally enter a higher bid in the clos-
ing seconds of an auction.

On several occasions the
writer has hoped to win a partic-
ular auction, only to be outbid in
the last ten seconds or less, and
with the clock ticking by, the
auction has ended (they are liter-

latest and greatest of computer
hardware, there are plenty of
used  bargains  available,
remembering that although you el
have a right to expect goods to . " T
be described accurately. there '

will probably be no guarantee
provided.

Good Technigue
There is a definite technique
for buying online at the best
price. Let's take Adobe
Photoshop 7 again. In the past
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The configurable “My eBay” page forms the hub of online
bidding, allowing users to monitor auctions and bids.

ally timed to the second) before
=3 another bid could be entered.
. This last-minute winning bid is
called sniping and it can be very
¥4 aggravating!
iy Next month: How to become
an eBay auction “sniper”, and
how you can suddenly start to
win one auction after another by
#ia entering a trumping bid with just
three seconds left before the
auction closes!
You can email me at
alan @epemag.demon.co.uk.
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STORE YOUR BACK ISSUES ON MINI CD-ROMS

£1 4-45 each

including VAT

A great way to buy EPE Back Issues - our mini CD-ROMs contain
back issues from our EPE Online website plus bonus articles, all the
relevant PIC software and web links. Note: no free gifts are included.
All this for just £14.45 each including postage and packing.

VOL 1 CONTENTS NOTE: These mini CD-ROMs are

. suitable for use on any PC with a
BACK ISSUES — November 1998 to June 1999 (all the projects, . .
features, news, IUs etc. from all eigl;_ht issues). Note: No advertise- ~ CD-ROM drive. They require Adobe
ments are included. PIC PROJECT CODES - Al the available Acrobat Reader (available free from

codes for the PIC based projects published in these issues. the Internet —
www.adobe.com/acrobat)
VOL 2 CONTENTS
BACK ISSUES I—July 19{99 to Il?eg:e[nber 19?\19 (all the projects, Order on-line from
e, BIC PRI COBEe AT e e pmesierlsomens wurw.epemag.wimborne.co.uk/shopdoor.htm
PIC-based projects published in these issues. or www.epemag.com (USA §$ prices)

or by phone, Fax, E-mail or Post

VOL 3 CONTENTS

BACK ISSUES - January 2000 to June 2000 (all the projects, features, 1 N 1
news, |Us, etc. from ali six issues). PIC PROJECT CODES - All the 1 BACK ISSUES MINI CD-ROM ORDER FORM 1
available codes for the PIC-based projects published in these issues. ! Please send me (quantity) BACK ISSUES CD-ROM VoL 1!
, Please send me ....... ]
VOL 4 CONTENTS 1 Please send me ........ (quantity) BACK ISSUES CD-ROM VOL 2
BACK ISSUES - July 2000 to Dec. 2000 (all the projects, features, : Please send me ........ (quantity) BACK ISSUES CD-ROM VOL 3 !
news, |Us etc. from all six issues). PROJECT CODES - All the available . !
codes for the programmable projects in these issues. : Please send me ........ (quantity) BACK ISSUES CD-ROM VOL 4 :
Please send me ........ (quantity) BACK ISSUES CD-ROM VOL 5
1 1
K SSUES - VOL 5 CJON";E'(‘ThS , I Please send me ........ (quantity) BACK ISSUES CD-ROM VOL 6 1
BA SSUES - January 2001 to June 2 all the projects, features, 1 . 1
news, 1Us etc. from all six issues). PROJECT CODES - Al the available 1 Please send me ....... (quantity) BACK ISSUES CD-ROM VOL 7 |
(l:od(,afs for the programmable projects in these issues, including those for ! Price £14.45 each — includes postage to anywhere in the world. 1
nterface. 1 1
EName .. ... !
VOL 6 CONTENTS e !
BACK ISSUES - July 2001 to December 2001 (all the projects, . I A 06 08 0688088006000 00000300a00a00a080 "
features, news, IUs etc. from all six issues). PROJECT CODES - All the 1 '
available codes for the programmable projects in these issues, including g T e 1
those for Interface. b PostCode ............. |
1 1
VOL 7 CONTENTS : [ enclose cheque/P.O./bank draft to the value of £ ... .. .... :
BACK ISSUES - Jan 2002 to June 2002 (all the projects, features, 1 7 i i 1
news, IUs efc. from all six issues). PROJECT CODES - Al the availaple | L | 0ase charge my Visa/Mastercard/Amex/Diners Club/Switch |
codes for the programmable projects in these issues, including those for L N
Interface. A U005 555555 5 S E S I IO G '
tCardNo. ... . . 1
EXTRA ARTICLES - ON ALL VOLUMES ' '
BASIC SOLDERING GUIDE - Alan Winstanley's internationally 1 Card Security Code .......... (The last 3 digits on or just under 1
acclaimed fully illustrated guide. UNDERSTANDING PASSIVE COMPO- ! the signature strip) 1
NENTS - Introduction to the basic principles of passive components. 1 1
HOW TO USE INTELLIGENT L.C.Ds, By Julyan llett - An utterly practi- ¥ Expiry Date ........ .. ........ Switch Issue No. . . . . . .. !
cal guide to interfacing and programming intelligent liquid crystal display | 1
modules. PhyzzyB COMPUTERS BONUS ARTICLE 1 - Signed and 1 SEND TO: Everyday Practical Electronics, 1
Ugsigned gicr;arg l.r’\l_rumbsers.oﬁ{’ glive “Mai("E Maxf(igld and Alvin Brown. i Wimborne Publishing Ltd., 1
PhyzzyB M ERS B ARTICLE 2 - Creating an Event 1 1
Counter. By Clive “Max" Maxfield and Alvin Brown. INTERGRAPH Pl w'"}”ﬁ’gfzggg‘;ai*;?' Fe’;"‘,"’g;‘égg’;‘f‘tsg;zz 9ND.
COMPUTER SYSTEMS 3D GRAPHICS - A chapter from Intergraph’s 1 el . ax: . 1
book that explains computer graphics technology in an interesting and ' E-mail: orders@epemag.wimborne.co.uk '
understandable way with full colour graphics. : Payments must be by card or in £ Sterling — cheque or bank :
draft drawn on a UK bank.
EXTRA ARTICLE ON VOL 1 & 2. THE LIFE & WORKS OF KONRAD 1 . e . 1
ZUSE - a brilliant pioneer in the evolution of computers. A bonus article ' Normally supplied within seven days of receipt of order. ) '
on his life and work written by his eldest son, including many previously 1 Send a copy of this form, or order by letter if you do not wish to cut your issue.

unpublished photographs. fe e e---- D e . a
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et o0+ BACK ISSUES

We can supply back issues of EPE by post, most issues from the past three years are available. An EPE index for the last five years is also available at
www.epemag.wimborne.co.uk or see order form below. Alternatively, indexes are published in the December issue for that year. Where we are unable to
provide a back issue a photocopy of any one article (or one part of a series) can be purchased for the same price. Issues from Nov. 98 are available on CD-
ROM - see next page — and issues from the last six months are also available to download from www.epemag.com.

DEC '01

PROJECTS e Ghost Buster ® PIC Polywhatsit ®
Twinkling Lights ® Mains Failure Alarm.
FEATURES e Teach-In 2002 — Part 2 ® Marconi —
The Father of Radio e Interface e Ingenuity
Unlimited e Circuit Surgery ® New Technology
Update ® Net Work — The Internet Page ® 2001
Annual Index.

JAN '02

PROJECTS e PIC Magick Musick ® Time Delay
Touch Switch ® Versatile Bench Power Supply ®
Forever Flasher.

FEATURES e Teach-In 2002 — Part 3 e Practically
Speaking ® Ingenuity Unlimited ® New Technoiogy
Update @ Circuit Surgery ® Net Work — The Internet
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PROJECTS e PIC Spectrum Analyser e Guitar

Practice Amp ® HT Power Supply e Versatile
Current Monitor.

FEATURES e Teach-In 2002 — Part 4 e Ingenuity
Unlimited ® Russian Space Shuttle Revisited @
Circuit Surgery @ Interface ® New Technology
Update ® Net Work — The Internet Page.

PROJECTS e MK484 Shortwave Radio e PIC
Virus Zapper ® RH Meter ® PIC Mini-Enigma.
FEATURES e Teach-In 2002 — Part 5 ® ingenuity
Unlimited ® Programming PIC Interrupts—1 @ Circuit
Surgery ® Practically Speaking ® New Technology
Update ® Net Work — The Internet Page.
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APR '02
PROJECTS e Electric Guitar Tuner e PIC
Controlled Intruder Alarm @ Solar Charge and Go
e Manual Stepper Motor Controller.
FEATURES e Teach-In 2002 — Part 6 @ Interface

e Programming PIC Interrupts—2 e Circuit Surgery
® Ingenuity Unlimited @ New Technolo%/ Update
e Net Work — The Internet Page ® FREI
Op.Amp Data Chart.

E Giant

MAY '02
PROJECTS e PIC Big-Digit Display ® Simple Audio
Circuits — 1 @ Freezer Alarm e Washing Ready
Indicator.
FEATURES ® Teach-In 2002 — Part 7 ® Ingenuity
Unlimited @ Practically Speakin%vo New Technology
Update @ Circuit Surgery ® Net Work - The Internet

)
o
Q
@

PROJECTS e Biopic Heartbeat Monitor e

Frequency Standard Generator ® Simple Audio
Circuits — 2 ® World Lamp.

FEATURES e Teach-In 2002 — Part 8 @ Interface ®
New Technology Update e Circuit Surgery e
Ingenuity Unlimited @ Net Work — The Internet
Page.

JULY ’02

PROJECTS e EPE StyloPIC e Infra-Red
Autoswitch @ Simple Audio Circuits — 3 ® Rotary
Combination Lock.

FEATURES e Teach-In 2002 - Part 3 @ Practically
Speaking ® Using The PIC's PCLATH Command
e Ingenuity Unlimited e Circuit Surgery ® New
Technology Update ® Net Work-The Internet Page.
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DID YOU MISS THESE?

PROJECTS e PIC World Clock ® Pickpocket Alarm
e Big-Ears Buggy ® Simple Audio Circuits — 4.
FEATURES e Teach-In 2002 — Part 10 @ Using
Square Roots with PICs @ Ingenuity Unlimited e
Evolutionary Electronics ® Interface e Circuit
Surgery ® Net Work — The Internet Page.

SEPT '02

PROJECTS e Freebird Glider Control @ Portable
Telephone Tester ® EPEMorse Code Reader o
Vinyl to CD Preamplifier.

FEATURES e Circuit Surgery ® New Technology
Update e Practically Speaking ® Net Work e
Flowcode for PICmicro e Logic Gate inverter
Oscillators ® Net Work - The Internet Page.

OCT '02 Photocopies onl

PROJECTS e EPE Bounty Treasure Hunter @ IC
Tester ® Headset Communicator @ PIC-Pocket
Battleships.

FEATURES e Circuit Surgery ® New Technology
Update @ Logic Gate Inverter Oscillators — 2 @
Interface ® Network — The Internet Page @ Using
TK3 With Windows XP and 2000.

NOV '02 Photocopies onl

PROJECTS e EPE Hybrid Computer — 1 @ Tuning
Fork and Metronome @ Transient Tracker ® PICAX
Projects—1 (Egg Timer — Dice Machine — Quiz
Game Monitor).

FEATURES e Practically Speaking ® Ingenuity
Unlimited @ Circuit Surgery ® New Technology
Update ® Net Work - The Internet Page.

DEC '02

PROJECTS e Versatile PIC Flasher ® EPE Hybrid
Computer — 2 ® Door Defender ® PICAXE Projects
— 2 (Temperature Sensor — Voltage Sensor — VU
Indicator).

FEATURES e Electronic Paper @ Alternative Uses
for Transistors @ Interface @ Circuit Surgery @ New
Technology Update e Ingenuity Uniimited ® Net
Work — The Internet Page ® 2002 Annual Index.

JAN '03

PROJECTS e EPE Minder ® FM. Frequency Surfer
L V\{:n()i Speed Meter ® PICAXE Projects—3 (Chaser
ights

FEATURES ® Who Really Invented The Transistor
e TechnoTalk e Circuit Surgery e Practically
Speaking ® New Technology Update ® Computer
GOTOs @ Ingenuity Unlimited ® Net Work — The
Internet Page.
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PROJECTS e Wind Tunnel e Brainibot Bu (]
Back To Basics—1 (Hearing Aid, Audio er
Amplifier) @ Tesla High Voitage Transformer.
FEATURES e In The Bag e Techno Talk e Circuit
Surgery ® New Technol Update e Interface @
Ingenuity Unlimited ® Net Work — The Internet Page.

PROJECTS e Wind-Up Torch Mk Il e 200kHz
Function Generator @ Driver Alert e Back-To-
Basics—2 (Metal Detector, Simple Timer).

FEATURES e Ingenuity Unlimited e Practically
Speaking ® Techno Talk ® New Technology Update
o Circuit Surgery ® Peak LCR Component Analyser
Review @ Net Work — The Internet Page.
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Constructional Project

BACK TO

BASICS

BART TREPAK

)

Mustrating how useful circuits can be
designed simply using transistors.

TOUCH LIGHT

HERE are many places around the

I house where a small light would be

useful but running a mains cable to
the location is impractical. Corners of dark
cupboards, over the telephone to light a
note pad, by the front door to help find the
keyhole at night, are just some of the appli-
cations which come to mind.

None of these require very much light
and high brightness light emitting diodes
(l.e.d.s) can not only provide the illumina-
tion needed, but can also be readily fitted
with a time delay circuit so that they
switch off automatically, so saving battery
power. The circuit described here offers
such a solution. It is shown in Fig.18.

To ensure that the

TOUCH CIRcUIT

In the circuit diagram shown in Fig.18,
transistors TR2 and TR3 form the mono-
stable circuit, with capacitor C1 and resis-
tor R2 determining the time for which the
transistors remain on once the circuit has
been triggered.

This occurs when finger contact is made
with touch pad TPl. The 50Hz mains
“hum” normally present in all households
will be induced into the circuit through the
finger, causing transistor TR1 to turn on.
This provides base current to TR3, turning
it on, together with the l.e.d. (D2), whose
current is buffered by resistor R3.

Part Three

circuit switches off

after use and prevent
having to change the
battery too often, a
timing  circuit s
required. For this a
monostable configu-
ration is used. A
monostable has one
stable state, in this
case the off state.
When triggered into
its on state, it will
remain in that state for
a preset period before
switching off again.
Some circuits of

this type use two
transistors (npn or
pnp types) configured
so that in the stable state one transistor is
on while the other remains off. Following
a trigger pulse, both transistors change
state. A disadvantage of this circuit is that
during the off state, one of the transistors is
always turned on, and so consuming
power.

An alternative configuration is used here
in which all transistors remain off when
the circuit is in its stable state, so consum-
ing virtually no current.
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Fig.18. Circuit diagram for a three-transistor Touch Light.

When the collector of TR3 goes low, a
negative-going pulse is generated across
capacitor Cl, causing TR2 to turn on and
provide more current to the base of TR3.
When the contact with TP1 is broken, TR1
ceases to conduct, but TR3’s base contin-
ues to be held on via TR2. However, Cl
starts to charge via resistor R2. Eventually,
its charge rises to within less than 0-6V of
the positive power supply, turning off TR2
and thus TR3 and the l.e.d. as well. Diode

D1 inhibits any positive-going pulse gen-

erated across C1 when TR2 switches off.
With the component values shown, the

l.e.d. will remain on for about three minutes.

TOUCH-DOWN

It is worth noting that touch pad TP2
may be needed if the S0Hz mains “hum”
introduced by finger contact with TPI is
not strong enough, or non-existent, as in a
garden shed for example. Making finger
contact between TPl and TP2 causes a
small current to flow from the positive
line, though the finger and into the base of
TRI. It is advisable to insert resistor R4
between TP2 and the positive line to pre-
vent damage to TR1 should the two pads
be shorted accidentally by an object with a
low resistance.

If the unit is found to be too sensitive, a
high value resistor of about I0MRQ can be
connected from the base of TR1 to the bat-
tery negative. This will prevent the circuit
from switching on inadvertently, especial-
ly in areas where the mains field is high.

COMPONENTS

Resistors

R1 10k See
R2 470k (see o 1)\U)}
text)
R3 1k TALK
R4 1M (see Page
text)
Capacitor
C1 470y axial elect. 16V
(see text)
Semiconductors
D1 1N4148 signal diode
D2 white l.e.d., high

brightness (see text)
TR1, TR3 2N3904 npn transistor
(2 off)
TR2 BC558 pnp transistor
Miscellaneous
Stripboard, 8 strips x 12 holes; touch
pad(s) (see text); case to suit; connect-
ing wire; 9V battery, with holder and

clips; solder, efc.

excl. case and battery

Approx. Cost
Guidance Only
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Prototype Touch Light circuit board. The additional resistor
seen bottom left is not required in this circuit.

CONSTRUCTION

The circuit is built on a small piece of
stripboard having 12 hotes by 8 strips, as
shown in Fig.19. Only two track cuts need
to be made and no wire links are required.
Apart from the resistors, all other compo-
nents must be inserted the correct way
round.

Power to the circuit should be supplied
by a 9V battery. As the stand-by current is
extremely low (basically the leakage cur-
rent of the transistors), the expected life
should be almost the shelf life of the bat-
tery, depending of course on how often it is
switched on. Consequently, an on/off
switch is not required.

The finished unit should be mounted in
an insulated plastic box of a size suitable

L

for the battery and circuit board. The touch
contact(s) can be made from any piece of
metal such as a bolt or nail, but a drawing
pin pushed through a suitable hole in the
box and connected to the board via a short
length of wire provides a neater, more
attractive finish.

L.E.D.
CONSIDERATIONS

When on, the total current is 6mA with
the le.d. accounting for about 5-8mA.
White l.e.d.s exhibit a forward voltage
drop of around 4V, so two could be used in
series to provide more light. Resistor R3
would then need to be reduced to 470%2 to
maintain the l.e.d. current at around SmA.

The brightness of the l.e.d.(s) can be
increased by reducing the value of R3 to

PO OO0CMTMOT

1
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Fig79._8tripboard com_ponent layout ;nd underside coppe_r
tracks showing two cuts in strip E.

increase the current flow. Do not allow
the current to be greater than that permit-
ted by the l.e.d., which should be stated
in its data sheet and supplier’s catalogue.
There appears to be little apparent
increase in brightness beyond about
10mA.

Data sheets normally quote an le.d.
viewing angle and this describes the “off
axis” brightness of the device. Unlike the
filament in a light bulb, an l.e.d. chip emits
light only from its surface, rather than all
around, so the light comes mainly from the
front of the device. This is modified to
some extent by the plastic package and
l.e.d.s are available with a more or less
focused light beam. Depending on the use,
a wider angled light pattern may be
preferred.

PLANT WATERING REMINDER

OUSE plants in general often have a
H pretty hard time of it compared to

their garden bound cousins, which
seem to get more than their fair share of
watering, even if their owner forgets,
thanks to the British weather. With so
many other things to think about, the first
reminder that many people get to water
their plants is when it is noticed that one or
two are wilting or the leaves are turning
brown and dropping off!

Modern central heating also ensures that
the soil in pots dries out much faster, mak-
ing regular watering more important, so
that a little electronic help in remembering
to do so should be most welcome.

CIRCUIT DIAGRAM

The circuit suggested here, and shown
in Fig.20, drives a piezo sounder, WDI, to
provide a timely warning that the soil in
the plant pot is almost dry.

Hopefully, the plants will be watered
regularly so the alarm will remain off but it
may become active at any time and it is
unlikely that the plants will be watered
immediately as the owner may be out. It
may therefore continue to sound all day
before the plants are watered. To avoid
having to replace the battery too often, it is

important to ensure that the current drain
in either condition is as low as possible.

To minimise the current drain during the
alarm condition, a complementary astable
circuit built around transistors TR2 and
TR3 is used. Its operation is beyond the
scope of this article, but it oscillates with a
frequency determined by resistor R2 and
capacitor C1. With the component values
given the frequency will be about 2kHz,
producing a fairly loud sound from piezo
sounder WDI. This

going pulses which turn on the piezo
sounder WD1. The operation of the oscil-
lator is controlled by TRI1. When this
transistor is on, the base of TR2 is held low
and the circuit cannot oscillate.

The circuit relies on sensing the resis-
tance of the soil between two metal probes
which are inserted into the pot close to the
plant. Completely dry soil will have a rel-
atively high resistance but this will fall as
the moisture content is increased.

device has a very high
impedance and so a

|PHOBESI

load resistor, R3, is
provided for TR3.
Since both transis-
tors switch on and off Ay
together and remain
off for a relatively
long period (depen-
dant on the value of
R2) compared to the
time when they are
on, the average cur-
rent drawn from the
battery is very low, at

VR
470k

about ImA.
The output consists
of short positive
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Fig.20. Circuit diagram for the Plant Watering Reminder.
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Completed Plant Watering Reminder circuit board. The probes
have been covered with plastic sleeving, except their tips.

The series resistance of the probes, resis-
tor Rl and potentiometer VRI form a
potential divider across the supply. With the
soil moist, the resistance of VRI] can be
adjusted so that the voltage at the base of
TR1 is at 0-6V, ensuring that this transistor is
switched on and so disabling the oscillator.

As the soil dries out, the base-emitter
voltage of TR1 falls to a point at which it
switches off sufficiently to allow the oscil-
lator to function, producing an audible
warning.

As described earlier, this circuit pro-
duces short output pulses and therefore
draws only a small current when it is oscil-
lating (about 1mA).

In the stand-by condition when the oscil-
lator is switched off, the current drain on
the battery is only 10uA, so the battery
should last a long time.

CONSTRUCTION

The circuit is built on a piece of strip-
board having 7 strips x 15 holes, as shown
in Fig.21. Only one strip cut is required
and there are no link wires. Care should be
taken to ensure that the transistors and the
sounder are connected the correct way
around.

nmoOO

o

Resistors See
R1 100k S
R2 1M = S
R3 10k TALK
Potentiometer
VR1 470k min. skeleton
preset.
Capacitor
(03] 1n ceramic disc, 2-5mm
pitch

Semiconductors
TR1, TR2 2N3904 npn transistor
(2 off)
TR3 BC558 pnp transistor
Miscellaneous
wD1 3V to 30V piezo sounder

Stripboard, 7 strips x 15 holes; PP3
battery and clip; stout metal probes (see
text) (2 off);, case to suit, connecting
wire; 9V battery, with holder and clips;

solder, etc.

excl. case and battery

Approx. Cost
Guidance Only

Some of the simple transistor-based circuit assemblies described in this series.
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Fig.21. Plant Watering Reminder component layout; only
one copper track break is needed.

The probes consist of two stiff metal
wires the length of which is not
particularly important and will depend to
a large extent on the size of the pot into
which the unit is placed. Copper is per-
haps the easiest wire to get hold of (and
to solder).

In the prototype, two 10cm lengths of
2-5mm diameter rigid wire of the type used
in house wiring were used. These were sol-
dered directly to the tracks at the positions
shown, the wire being too thick to pass
through the holes in the board.

Since these are liable to break off if the
probes are pushed into hard earth, it is
probably best to solder the wires directly
to the copper tracks straddling several
holes. This may then be strengthened by
covering the joints and an adjacent area of
the board with epoxy glue. Alternatively,
the wires may be mounted a few millime-
tres apart on an insulating surface, such as
the plastic box in which the unit is to be
placed, and connected to the board by
flying leads.

SOUNDLESS ALARM

When completed, place the probes in
moist soil close to the roots of the plant.
Set VRI1's wiper to a fully anti-clockwise
position, and then adjust it unti] the cir-
cuit just fails to oscillate. Should the
alarm sound as the soil dries out but it is
still judged to be too moist to require
watering, VRI should be turned further
clockwise.

In some situations, an audible alarm may
not be desirable, in which case the sounder
can be omitted, and an l.e.d. plus ballast
resistor of about 470Q can be wired in
place of R3, with the anode (a) connected
to transistor TR3’s collector, and the other
side of the 4702 resistor on the OV line.
Omit R3 itself. Do not use the l.e.d. with-
out the ballast resistor as the current
through it cannot be guaranteed to be with-
in its limits, even though the current is
pulsed.

The sounder and l.e.d. may both be
fitted, although this will result in a
slightly increased current consumption
and a slightly reduced sound output, but

should still be adequate for most
situations.
NEXT MONTH

In the next issue we present a Live Wire
Detector that safely locates the presence of
mains electrical circuits, plus a simple MW
Radio.
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Atlas LCR Passive Component Analyser (Model LC R40) « Automatic test frequency selection
(DC, 1kHz. 15kHz or 200kHz).

“No other LCR is as easy as this!” « Inductor DC resistance measurcment.
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INGENUITY
UNLIMITED

Our regular round-up of readers' own circuits. We pay between
£10 and £50 for all material published, depending on length
and technical merit. We're fooking for novel applications and

circuit designs, not simply mechanical, electrical or software WIN A PICO PC BASED
ideas. Ideas must be the reader's own work and must not OSCILLOSCOPE WORTH £586
have been submitted for publication elsewhere. The ¢ 100MS/s Dual Channel Storage Oscilloscope
circuits shown have NOT been proven by us. /ngenuity # 50MHz Spectrum Analyser

Unlimited is open to ALL abilities, but items for consideration in
this column should be typed or word-processed, with a brief
circuit description (between 100 and 500 words maximum) and
full circuit diagram showing all relevant component values.
Please draw all circuit schematics as clearly as possible.
Send your circuit ideas to: /ngenuity 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!

¢ Multimeter ® Frequency Meter

¢ Signal Generator

If you have a novel circuit idea which would be
of use to other readers then a Pico Technology
PC based oscilloscope could be yours.

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

Three-State Vehicle Probe - /A Positive Respomnse

HE simple probe circuit of Fig.l was
Tdesigned for use in tracing 6V or 12V
vehicle wiring. Basic probes have a crocodile
clip which is connected to ground (chassis)
while a single bulb or l.e.d. illuminates when o2 ® 03 ® 0s ®
the probe makes a positive connection. If the YELLOW ¥ RED
indicator does not light up, then the probe is rroarmal ¥l Men1 *
assumed to be making a ground connection. R2 é (rommwa) " [ren ]

This circuit is intended to remove the - - ar
ambiguity of that assumption by providing a 4700 4700
clear indication of the three following states:

—0
+12v

S

IC1a),2

24 aon

5
4
8 lacoinb &

1 — A red l.e.d. will illuminate to indicate a
“positive” connection.

2 — A green l.e.d. will illuminate to indicate
a “ground” connection.

3 — A yellow led. will illuminate to
indicate “no connection” (floating condition).

With no connection to the probe (i.e. float-
ing input), le.d. D3 (yellow) will be
switched on via NAND gate IC1b which will
have a “high” applied to each of its inputs
(pins 5 and 6), making the gate’s output go
“low”.

Should the probe make contact with OV
(ground) then transistor TR1 will be switched

CROC CLIP OR
TEST PROBE

Fig.1. Circuit diagram for the Three-State Vehicle Probe.

off which drives the output of ICla low,
thus illuminating l.e.d. D2 (green). Simul-
taneously ICla will apply a low to pin 5 of
gate IClb, causing its output to go high,
therefore extinguishing yellow l.e.d. D3.
When a positive input is applied to the probe,
TR2 will switch off causing IC1c output to go
high. This output is inverted by ICId and
switches on D4 (red). At the same time, the out-
put of IC1d is also taken to pin 6 of ICIb,
which then extinguishes the yellow Le.d. D3.

A supply for the circuit was obtained from
the vehicle’s cigar lighter socket, or you
could use a fused 12V lead to clip onto the

car battery terminals, placing the fuse as near
as possible to the battery’s positive pole.
T. J. Heaney, Northallerton

PCB Drill Controller -

AFrER buying a small low voltage drill for
working on printed circuit boards, it was
noticed that the drill motor would stall if the
input voltage was less than 15V. This voltage
resulted in a higher power but also a higher

+V
(12V TO 15V)
[

R1
100k
14 _‘l

VR1
100k . |

+V  RST

1
ois R3

1000, B2
o 2] s IC1a *
556
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Fig.2. Circuit diagram for a low-voltage PCB Drill Controller.
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A Bit More Actiom
drill speed which increased the heat and wear
on the drill bit, rapidly making it blunt.

The circuit diagram shown in Fig.2 uses
pulse control to decrease the drill speed while
maintaining the output power. IC1a is one half
of a 556 timer and is set in astable mode to
provide a base frequency of approximately
150Hz. This is fed into IC1b which triggers the
monostable, set by Speed potentiometer VR1
to have a period of between 0-1ms to 10ms.

The duration of the monostable determines
the period that the drill motor has the full 15V
potential across it, and hence the speed of the
drill which is lowest when the time period is
0-1ms. The output of IC1b is connected to the
base of transistor TRI which is a high current
(3A) power transistor that controls the load. It
is protected from inductive voltage spikes by
diode D1. The circuit proved to be very effec-
tive and can be powered from an existing 12V
to 15V d.c. drill power supply unit.

Daniel Salt,
Hunstanton, Norfolk
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StyloQIC - 1o Tae Poln

THE circuit diagram shown in
Fig.3 was inspired by the EPE

s2
— o o———0 +12v

StvloPIC design (July '02 issue)

and is a minimalist “Stylophone”
that is “QIC” to build!

It uses just 14 components to
play two octaves. In addition, it
sports an optional tremolo or fre-
quency modulation feature. It uses
virtually zero current on standby,
and therefore requires no on-off
switch.

The oscillator, based upon
ICla, may be likened to a conven-
tional RC Schmitt oscillator,

LS1[

STYLUSR

VR1 TO VR8
8x 1k

except that R is replaced with an

inductor. The inductor works by
opposing electrical pulses (induc-
tive reactance), thus impeding the

charge and discharge of capacitor

Cl. If a pair of headphones or a
miniature speaker (LS1) is used for
the inductor, a good audible tone is
heard.

Resistor R1 limits back e.m.f. across the
gate’s inputs and output to help protect ICla.
Preset potentiometers (wired as variable
resistors) VR 1 to VRS are all one kilohm (1k)
types that adjust the pitch of eight notes indi-
vidually. If an additional lkilohm preset is
inserted at ICla output using push-to-make
pushbutton switch S1 wired in parallel, the
pushbutton will provide one additional
octave.

The circuit diagram of Fig.4 is an add-on
Tremolo function. This RC oscillator

modulates the frequency of ICla as
the voltage across capacitor C2
rises and falls. Since this rapidly
raises and lowers the set frequency
of each note, it does not change the
fundamental frequency when
applied.

The tremolo unit draws 1mA,
and may therefore necessitate an
on-off switch for the StyloQIC if
used.

The widely available 4093 quad
NAND Schmitt i.c. was used but a

Fig.4. Adding a Tremolo function to the

StyloQIC circuit.

M|CC13410933CP 40106 hex Schmitt inverter may
1 ol s also be used to good effect, in
o T ¢ ————— which case the value of capacitor
et - C1 needs to be halved.
' T [—7 TO IC1 PINS 8,9, 12 AND 13 Rey. Thomas Scarborough,
Fresnaye,
o South Africa.
Fig.3. Circuit diagram for the basic StyloQIC.
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE

ELECTRONICS CD-ROMS

ELECTRONICS

ELECTRONICS PROJECTS

Logic Probe testing

Electronic Projects is split into two main sections: Building Electronic Projects
contains comprehensive information about the components, tools and techniques
used in developing projects from initial concept through to final circuit board
production. Extensive use is made of video presentations showing soldering and
construction techniques. The second section contains a set of ten projects for
students to build, ranging from simple sensor circuits through to power amplifiers. A
shareware version of Matrix's CADPACK schematic capture, circuit simulation and
p.c.b. design software is included.

The projects on the CD-ROM are: Logic Probe; Light, Heat and Moisture Sensor;
NES555 Timer; Egg Timer; Dice Machine; Bike Alarm; Stereo Mixer; Power
Ampilifier; Sound Activated Switch; Reaction Tester. Full parts lists, schematics
and p.c.b. layouts are included on the CD-ROM.

ELECTRONIC CIRCUITS & COMPONENTS V2.0

— e “mae

Circuit simulation screen

Provides an introduction to the principles and application of the most common types of
electronic components and shows how they are used to form complete circuits. The
virtual laboratories, worked examples and pre-designed circuits allow students to
learn, experiment and check their understanding. Version 2 has been considerably
expanded in almost every area following a review of major syllabuses (GCSE, GNVQ,
A level and HNC). It also contains both European and American circuit symbols.
Sections include: Fundamentais: 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

Virtual laboratory - Traffic Lights

—3[ h‘um‘- Fiiver Desgm Lowpans oo L

{ﬁ‘.i‘-‘— T —

Filter synthesis

Analogue Electronics is a complete learning resource for this most difficult

branch of electronics. The CD-ROM includes a host of virtual laboratories,

animations, diagrams, photographs and text as well as a SPICE electronic

circuit simulator with over 50 pre-designed circuits.

Sections on the CD-ROM include: Fundamentals — Analogue Signals (5
sections), Transistors (4 sections), Waveshaping Circuits (6 sections). Op.Amps
— 17 sections covering everything from Symbols and Signal Connections to
Differentiators. Amplifiers — Single Stage Amplifiers (8 sections), Multi-stage
Amplifiers (3 sections). Fllters — Passive Filters (10 sections), Phase Shifting
Networks (4 sections), Active Filters (6 sections). Oscillators — 6 sections from
Positive Feedback to Crystal Oscillators. Systems ~ 12 sections from Audio
Pre-Amplifiers to 8-Bit ADC plus a gallery showing representative p.c.b. photos.

DIGITAL ELECTRONICS V2.0

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 Venndiagrams, displays and chip types have
been expanded in Version 2 and new sections include shift registers, digital fault
finding, programmable logic controllers, and m»crooontrollers and mucroprooessors
The Institutional versions now also include al types of nent for
supervisors, including worksheets, multiple choioe 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 fitter
types. Advanced Theory which covers the use of filter tables, mathematics
behind filter design, and an explanation of the design of active filters. Passive
Filter Design which includes an expert system and filter synthesis tool for the
design of low-pass, high-pass, band-pass, and band-stop Bessel, Butterworth
and Chebyshev ladder filters. Active Fiiter 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.

CAD PACK

PCB Layout

Electronics CADPACK allows users to
design complex circuit schematics, to view
circuit animations using a unique SPICE-
based simulation tool, and to design
printed circuit boards. CADPACK is made
up of three separate software modules.
(These are restricted versions of the full
Labcenter software.) 1SIS Lite which
provides full schematic drawing features
including full control of drawing
appearance, automatic wire routing, and
over 6,000 parts. PROSPICE Lite
(integrated into ISIS Lite) which uses
unique animation to show the operation of
any circuit with mouse-operated switches,
pots. etc. The animation is compiled using
a full mixed mode SPICE simulator. ARES
Lite PCB layout software allows
professional quality PCBs to be designed
and includes advanced features such as
16-layer boards, SMT components, and
an autorouter operating on user generated
Net Lists.

ROBOTICS &
MECHATRONICS

- g — =

Case study of the Milford
Instruments Spider

Robotics and Mechatronics is designed to
enable hobbyists/students with little
previous experience of electronics to
design and build electromechanical
systems. The CD-ROM deals with all
aspects of robotics from the control
systems used, the transducers available,
motors/actuators and the cucuits to drive
them. Case study material (including the
NASA Mars Rover, the Milford Spider and
the Furby) is used to show how practical
robotic systems are designed. The result
is a highly stimulating resource that will
make learning, and building robotics and
mechatronic systems easier. The
Institutional versions have additional
worksheets and muitiple choice questions.
@ Interactive Virtual Laboratories
@ Little previous knowledge required
® Mathematics is kept to a minimum and
all calculations are explained
@ Clear circuit simulations

PRICES

Prices for each of the CD-ROMs above are:

(Order form on third page)
(UK and EU customers add VAT at 17.5% to “plus VAT” prices)
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Hobbyist/Student

£45 inc VAT

Site Licence......

Institutional (Schools/HE/FE/Industry).....
Institutional 10 user (Network Licence)..........£199 plus VAT

£499 plus VAT
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VERSION 2 PICmicro MCU

DEVELOPMENT BOARD
Suitable for use with the three software packages

listed below.

This flexible development board allows students to learn
both how to program PICmicro microcontrollers as well as
program a range of 8, 18, 28 and 40-pin devices. For
experienced programmers all programming software is
included in the PPP utility that comes with the development
board. For those who want to learn, choose one or all of the
packages below to use with the Development Board.

@ Makes it easier to develop PICmicro projects

® Supports low cost Flash-programmable PICmicro

devices

@ Fully featured integrated displays — 13 individual |.e.d.s,
quad 7-segment display and alphanumeric |.c.d. display

@ Supports PICmicro microcontrollers with A/D converters

@ Fully protected expansion bus for project work

@ All inputs and outputs available on screw terminal

connectors for easy connection

PICmicro TUTORIALS AND PROGRAMMING

HARDWARE

SOFTWARE

£145 including VAT and postage
12V 500mA plug-top PSU (UK plug) £7
25-way ‘D’ type connecting cable £5

Suitable for use with the Development Board shown above.

ASSEMBLY FOR PICmicro V2
(Formerly PICtutor)

Assembly for PICmicro microcontroliers V2.0
(previously known as PICtutor) by John
Becker contains a complete course in
programming the PIC16F84 PICmicro
microcontroller from Arizona Microchip. It
starts with fundamental concepts and
extends up to complex programs including
watchdog timers, interrupts and sleep modes.
The CD makes use of the latest simulation
techniques which provide a superb tool for
learning: the Virtual PICmicro micro-
controller. This is a simulation tool that
allows users to write and execute MPASM
assembler code for the PIC16F84
microcontroller on-screen. Using this you
can actually see what happens inside the
PICmicro MCU as each instruction is
executed which enhances understanding.
@ Comprehensive instruction through 39
tutorial sections @ Includes Vlab, a Virtual
PICmicro microcontroller: a fully functioning
simulator @ Tests, exercises and projects
covering a wide range of PICmicro MCU
applications @ Includes MPLAB assembler
@ Visual representation of a PKCmicro
showing architecture and functions @
Expert system for code entry helps first time
users @ Shows data flow and fetch execute
cycle and has challenges (washing
machine, lift, crossroads etc.) @ Imports
MPASM files.

Virtual PICmicro

‘C’ FOR PICmicro
VERSION 2

The C for PiCmicro microcontrollers CD-
ROM is designed for students and
professionals who need to learn how to
program embedded microcontrollers in C.
The CD contains a course as well as all the
software tools needed to create Hex code
for a wide range of PICmicro devices —
including a full C compiler for a wide range
of PICmicro devices.

Although the course focuses on the use of
the PICmicro microcontrollers, this CD-
ROM will provide a good grounding in C
programming for any microcontroller.

® Complete course in C as weli as C
programming for PiCmicro microcontrollers
@ Highly interactive course @ Virtual C
PICmicro improves understanding @
Includes a C compiler for a wide range of
PICmicro devices @ Includes full Integrated
Development Environment @ Includes
MPLAB software @ Compatible with most
PICmicro programmers @ Includes a
compiler for alt 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 wery high level language
programming system for PICmicro
microcontrollers based on flowcharts.
Flowcode allows you to design and simulate
complex robotics and control systems in a
matter of minutes.

Flowcode is a powerful language that uses
macros to facilitate the control of complex
devices like 7-segment displays, motor
controllers and l.c.d. displays. The use of
macros allows you to control these
electronic devices without getting bogged
down in understanding the programming
involved.

Flowcode produces MPASM code which is
compatible with virtually all PiCmicro
programmers. When used in conjunction
with the Version 2 development board this
provides a seamless solution that allows
you to program chips in minutes.

@ Requires no programming experience @
Aliows complex PICmicro applications to be
designed quickly @ Uses international
standard flow chart symbols (ISO5807) @
Full on-screen simulation allows debugging
and speeds up the development process
@ Facilitates learning via a full suite of
demonstration tutorials @ Produces ASM
code for a range of 8, 18, 28 and 40-pin
devices @ |Institutional versions include
virtual systems (burglar alarms, car parks
etc.).

Burglar Alarm Simulation

PRICES

Prices for each of the CD-ROMs above are:
(Order form on next page)

Hobbyist/Student

Institutional (Schools/HE/FE/NIndustry)

Flowcode 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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TEACH-IN 2000 - LEARN ELECTRONICS WITH EPE DIGITAL WORKS 3.0

EPE’s own Teach-in CD-ROM, contains

the full 12-part Teach-in series by Johln 0 o8 >l - FREE BOOK

Becker in PDF form plus the Teach-in % N

interactive software covering all aspects WITH TEACH-IN Counter
of the series. We have also added Alan 2000 CD-ROM project

Winstanley's highly acclaimed Basic
Soldering Guide which is fully illustrated
and which also includes Desoldering.
The Teach-in series covers: Colour
Codes and Resistors, Capacitors,
Potentiometers, Sensor Resistors, Ohm’s
Law, Diodes and L.E.D.s, Waveforms,
Frequency and Time, Logic Gates,
Binary and Hex Logic, Op.amps,
Comparators, Mixers, Audio and Sensor Sine wave relationship values
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 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:‘})ostage. 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.

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 pius VAT.

Site Licence £499 plus VAT,

ELECTRONICS IN CONTROL

Two colourful animated courses for students on one CD-ROM. These cover Key Stage 3 and GCSE syliabuses. Key ELECTRONIC
Stage 3: A pictorial look at the Electronics section featuring animations and video clips. Provides an ideal introduction COMPONENTS PHOTOS
or revision guide, including multi-choice questions with feedback. GCSE: Aimed at the Electronics in many Design & A high i lecti i 200 JPG
Technology courses, it covers many sections of GCSE Electronics. Provides an ideal revision guide with Homework im a'gesq;aégc?%ﬁ%“’” CUCILIS
Questions on each chapter. Worked answers with an access code are provided on a special website. comgponents This

Single User £29 Inc. VAT. Multiple User £39 plus VAT selection of high Pl e

Student copies (available only with a multiple user copy) £6 plus VAT resolution photos can be 2 -
(UK and EU customers add VAT at 17.5% to “plus VAT" prices) used to enhance T E R

projects and
presentations or to help

MODULAR CIRCUIT DESIGN with training and e me

Contains a range of tried and tested analogue and digital circuit modules, together with the $g:§a:r%ni,y2,?ﬁ?g; for
knowledge to use and interface them. Thus allowing anyone with a basic understanding of circuit symbols to use in commercial or
design and build their own projects. Version 3 includes data and circuit modules for a range of popular PICs; includes personal printed projects, and can also be
PICAXE circuits, the system which enables a PIC to be programmed without a programmer, and without removing it used royalty free in books catalogues,
from the circuit. Shows where to obtain free software downloads to enable BASIC programmin y :

A i f . . . magazine articles as well as worldwide web
Essential information for arg/one undertaking GCSE or “A” level electronics or technology and f%r hobbyists who want paaggee\s (r;u:ject to resstrictionss — see licence for
togetto 3nps with project

esign. Over seventy different Input, Processor and Output modules are illustrated and fully full details).
described, together with detailed information on construction, fault finding and components, including circuit symbols, Also contains a FREE 30-day evaluation of
pinouts, power supplies, decoupling etc. Paint Shop Pro 6 - Paint Shop Pro image
Single User £19.95 Inc. VAT. Muitiple User £34 plus VAT editing tips and on-line help included!
(UK and EU customers add VAT at 17.5% to “plus VAT" prices) Price £19 95 Inc. VAT

Minimum system requirements for these CD-ROMSs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk space. Windows 95/98/NT/2000/ME/XP, mouse, sound card, web browser.

T T T T T T T T T T T T T s T T e e e e e e e e e e e = e = —————— A
| Please send me: CD-ROM ORDER FORM : ORDERING
! [] Electronic Projects !
H S Electronic Circuits & Components V2.0 . H ALL PRICES INCLUDE UK
! [] Analogue Electronics Version required: ! POSTAGE
H E Dllgltal Electronics V2.0 |I-lob|byllstISt|udent w m H
1 Filters nstitutiona 1
| ] Electronics CAD Pack [ Institutional 10 user — | Student/Single User/Standard Version
] B Robotics & Mechatronics ] Site licence . i price Iincludes postage to most
i Assembler for PICmicro " ~7 H countries in the world
1 ‘C’ for PICmicro vemnal [l EU residents outside the UK add £5 for
: Flowcode for PICmicro | airmail postage per order
1 Digital Works 3.0 1
' 1
: [J PiCmicro Development Board (hardware) |
| O Development Board UK plugtop power supply | Institutional, Multiple User and Deluxe
! [ Development Board 25-way connecting lead : gmlor:is - c:versgas reac:grs add "25 to the
asic price of each order for airmail posta

‘ [J Teach-in 2000 + FREE BOOK i (do not add VAT unless you live in an EU
i O Electronic Components Photos ! (European Union) country, then add 17%%
! O Electronics In Control - Single User ! VAT or provide your official VAT registration
i O Electronics in Control - Multiple User Note: The software on each version is | Number).
i O Modular Circuit Deslgn - Single User the same, only the licence for use varies. i
! [J Modutar Circult Design — Multiple User ' Send your order to:
PRUname: ..o : Direct Book Service
! Add ] Wimborne Publishing Ltd
: AAresS: . : 408 w'mbome Road East
R | Ferndown, Dorset BH22 9ND
L Postcode: ................ Tel.No: ............o ..., i To order by phone ring
R i 01202 873872. Fax: 01202 874562
1 CJ enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for € . ............. |  Goods are normally sent within seven days
i {1 Please charge my Visa/Mastercard/Amex/Diners Club/Switch: £ . .. . . . . Card expiry date: .. ..... i E-mail: orders@wimborne.co.uk

| .
i Card NO: . . ..o Switch Issue No. .. ... .... ! wiort::"m ‘mklsl ook Hon
i Card Security Code . ......... (The last 3 digits on or just under the signature strip) ' ’ g Ol ’

.|
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The leading magazine
for vintage radio

y 1S enthusiasts

Now Also
Available To

BUY ONLINE

www.radiobygones.com

Log on, pay by credit card
and download the magazine
to your PC
ONLY $9.99 (US dollars)
FOR 6 ISSUES
A free issue is
available

Bygones | By, ones

Telefunken World War Il )
Superheterodyne Receiver E52 ‘Kéin

|
|
|
!

BngﬂES

s

M \:avour'\\e The RAF
- Microphone
nosav’ ~ B
‘?’\he wajestc %

o —— g oo
st
o ety

WHETHER your interest is in restoring domestic radio and TV or in amateur radio, in military. aeronautical or
marine communications, in radar and radio navigation, in instruments, in broadcasting, in audio and recording, or
in professional radio systems fixed or mobile, RADIO BYGONES is the magazine for you.

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

ITs MOSTLY about valves, of course, but ‘solid-state’ — whether of the coherer and spark-gap variety or early
transistors — also has a place.

FROM THE DAYS of Maxwell, Hertz, Lodge and Marconi to what was the state-of-the-art just a few short years
ago . ..

There is also a selection of free readers' For Sale and Wanted advertisements in every issue.

Radio Bygones covers it all!

THE MAGAZINE is published six times a year, and is available by postal subscription. It is not available at
newsagents.

TO TAKE OUT a subscription, or to request a sample copy, please complete the form below and return it to:
RADIO BYGONES, Wimborne Publishing Ltd, 408 Wimborne Road East, Ferndown, Dorset BH22 9ND.
Tel: 01202 873872. Fax 01202 874562. Web sites: www.radiobygones.co.uk www.radiobygones.com

RADIO BYGONES ORDER FORM

A SAMPLE CoPY of Radio Bygones . .......... £3.25 My card number is:

(Add 70p for overseas Airmail postage)
SUBSCRIPTIONS (post paid): 1 YEAR 2 YEAR Please print clearly, and check that you have the number correct
UNITED KINGDOM £18.50  £35.00 Card Expiry Date: ........... Switch Issue No. . . . ..
REST OF EUROPE (AIRMAIL) £20.50 £39.00 .

REST OF THE WORLD (AIRMAIL) £9450 £47.00 Card Security Number . ....... . ... ... .. ... ...

(The last three digits on or below the signature strip)
D Yes, I would like a sample copy of RADIO BYGONES
D Yes, I would like to take out a subscription for:
D One year (6 issues) D Two years (12 issues)
D I enclose a cheque/PO for £ ... .. ... payable to
Wimborne Publishing Ltd (Payment in £ Sterling only)
D Please debit my Visa/Mastercard/Amex/Diners/Switch Signed ... ...

Mynameis . ......... ...

Myaddress ....... ... . . . .

—
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Constructional Project

EARTH

RESISTIVITY
LOGGER

JOHN BECKER

5B [
il ] Sy
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Part One

Help your local archaeological society to
locate and reveal the hidden mysteries of

our ancestors.

publication in EPE of Robert Beck’s

Earth Resistivity Meter, an electronic
tool to assist amateur archaeological soci-
eties “see beneath the soil” in their search
for ruins and other hidden features.

The design presented here is based upon
the same concept as used in Robert’s cir-
cuit, but it has been considerably simpli-
fied in terms of the components count and
their ready-availability. Significantly, it
has also been put under the command of a
PIC microcontroller and provided with
data logging facilities. The principal fea-
tures of this design are outlined in Table 1.

DOWN TO EARTH

Before going any further, though, the
author wishes to “put his cards on the sur-
vey grid”. He is not an archaeologist and
has approached this design purely as an
electronic problem to be solved — transmit
a signal, retrieve it at a distance and store
it for later analysis.

Along the path to this end, he has
researched a fair bit, chatted with a local
archaeological society and with EPE read-
ers who have knowledge in this field. Most
importantly, Nick Tile, EPE reader and
friend of the author, has spent several
months successfully using the prototype for
active archaeological survey work. More on
this in Part 2. Further reference to Nick’s
surveying will be made during this article.

A list of useful references is quoted at
the end of Part 2, to which readers are
referred for more information on survey-
ing techniques. The main reference source
used by the author has been Anthony
Clark’s Seeing Beneath the Soil.

BAS/C PRINCIPLES

For the sake of readers who have not yet
been enticed into joining their local
archaeological society in search of knowl-
edge about our ancestors and how they
lived, it is appropriate to outline how elec-
tronics can help us see subterranean fea-
tures without ever touching a spade or
trowel.

When two conductors are placed in
moist soil with a d.c. voltage source

'ANUARY and February 1997 saw the
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connected across them, current will flow
between them, just as it does through an
ordinary resistor.

The amount of current that flows
depends on how much resistance the soil
interposes between the two electrodes. The
value depends on several factors, the soil’s
water content and chemical make-up (i.e.
the impurities the water contains), and the
presence (or absence) of non-conductive
objects. The relationship is complex, and
will not be discussed in detail here,
although some experiments which should
give an insight into it are suggested in the
text file supplied with the software. It is
discussed more fully by Anthony Clark in
his book.

The current flow through soil is also
complicated by the fact that it is not flow-
ing in a straight line, as it does (in effect)
through an ordinary resistor. The current
can simultaneously flow through a multi-
tude of paths, not only horizontally, but
three-dimensionally, as illustrated in
Fig.1. It also radiates outwards beyond the

Prototype Earth Resistivity
Logger, housed in a plastic
case with transparent lid.
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Fig.1. Current paths set up by probe
array.

main field, as you will see presently from
Fig.2.

The overall current flow between the
probes is thus not just governed by the
resistance of one direct horizontal path, but
by the total resistance of innumerable
paths effectively in parallel within a given
volume of soil, and each experiencing dif-
ferent values of resistance. Despite the
complexity, though, as far as the reading
on a current meter is concerned, the
answer is a single value, and from it an
assessment of the soil’s relative
density can be made.
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What is being looked for in an electron-
ic survey is reliably monitored variations in
readings across a site, the pattern of which
indicates where different sub-soil features
exist.

UNIFORMITY PROBLEM

A problem arises, however, in that not
only does the soil have resistance, but it
also has capacitance and additionally
exhibits various electrolysis effects as the
d.c. current continues to flow, and most
significantly, a polarization process takes
place, resulting in progressively changing
values on the meter.

To be able to take meaningful readings 1t
is necessary to counteract the polarization
effect. This can be done by passing an
alternating current through the soil instead
of a direct one. With each of the a.c. cur-
rent’s phases, the polarizing effects of the
preceding phase are reversed, thus causing
a more consistent current flow to occur in
both directions.

Whilst the soil’s electrolysis process will
not be reversed, its effect is likely to be so
minute in relation to the polarization effect,
that it can be ignored during the relatively
brief time during which current flow read-
ings are taken.

The capacitance effects are also largely
overcome by using an alternating current at

TABLE 1. WHAT IT DOES

The PIC microcontroller performs the following functions:

Generates 137Hz square wave ground-penetrating transmission signal

Converts the received and amplified analogue signal to a 10-bit digital value

Stores each converted value to user-specified non-volatile (EEPROM) memory
address representing specific site plotting coordinates

Continually displays immediate real-time data and coordinates on alphanumeric
liquid crystal display (l.c.d.)

On request, outputs stored data via serial link to Windows 95/98/ME PC for storage
to disk and subsequent analysis

Other features of the logger include:

Switchable output resistance to vary transmission current

Switchable amplifier gain, x1, x10, x100

Pushswitch selection of survey site row and column coordinates allocation in memory
Memory capacity for 16384 10-bit samples, representing a survey site grid of

128 x 128 squares

Data storage action under complete user control

Data locations may be overwritten with fresh data if required

Sampled data stays in memory indefinitely, even after power switch-off

Recall of last used survey coordinate when next switched on, aliowing survey to be
spread over several days or weeks

Individually stepped push-button recall and display of recorded samples and their
coordinates

Total clearance of memory to zero value upon request, with security feature to help
prevent erroneous use

Operable from any d.c. supply between about 9V and 15V, consuming about 25mA.
It is equally suited fcr use with a 9V PP9-size battery (rechargeable types are
available), or a 12V car battery (see later)

Software features for the downloaded memory samples include:

a suitable frequency. @ Program written in Visual Basic 6 (VB6)
@ Disk storage under unique dated and timed file name
PR aB”v G Fi RE QUEN, CY @ Graphical display of data on PC screen as waveform graphs and value-related
The question then arises: at what fre- coloured or grey-scale grid squares
quency should the current direction be ® Four screen slider controls allow data to be processed for best visual contrast
repeatedly reversed? Too high a frequency to aid analysis
will cause the soil’s capacitance effects to @ Facility to invert data values for viewing as “valleys” or “peaks”
“mop-up” and attenuate the alternating sig- @® Main screen display as 20 x 20 samples block, with vertical and horizontal panning
nal’s amplitude. Too low a frequency will across full 128 x 128 grid
again cause variation in the monitored @ Secondary screen displays of separate grid or graph data for full 128 x 128 samples
readings, albeit smaller than would occur block
through using a d.c. signal. ® Zoom facility for closer examination of separate graph and grid data
It appears that the optimum rate at which ® Reloading of previous survey files via dedicated file selection screen
the signal phases must be changed has ® Downloaded files stored in format suited for analysis and graphical display via
been established at around 137Hz Microsoft Excel (found on most PCs)
(Anthony Clark quotes 137-5Hz but also ® Data may be downloaded to PC as often as required without disrupting its existing
says that 67Hz is used in some equipment). on-board storage (allowing on-going visual display of site progress across long
These frequencies assist in not only the periods)
elimination of the polarizing effects, but @ Suited to survey monitoring using any of the standard probing techniques (Wenner,
also in reducing the affect of other alternat- Schlumberger, Twin-Probe, etc).
ing electrical fields which might be present
in the site being surveyed, such as a 50Hz .
mains frequency, for instance. EPE coqtnbutgr Aubrey Scoon has
researched into this latter aspect and has
FREPE Eath Resistivily L' V1.0 20JAND2 0f x reponed the presence of many other fre-
o= 2 V:‘;‘ cussal 21°1 quencies in some locations he has exam-
54 j; - ined, some emanating from a nearby
B G2 Rebesh| 3 “supercomputer” in one instance.
= pa [ ! The frequencies of 67Hz and 137Hz (the
= 5 ohes o latter is used in this Logger), are not a multi-
i Sueh 7 5 Pae 'l ple of 50Hz, nor of the 60Hz mains cycle
":r_"’ $ N ] o B : used in some countries, such as the USA.
= : ; e 0 Thus, by performing rectification or
) 54 = :; sampling that is synchronised with the trans-
5 P10 1 [l mission signal, the effects of these extrane-
- P — 2 ous fields can be reduced. They are also min-
= = 712 1 imised by the use of a differential amplifier,
e Fu x :; which will be discussed presently.
3 ol B s s e > e | It is worth pointing out, however, that in
i . o] : =+ the suburban garden where the author’s tri-
o - - v 3 2| als with this Logger were performed in
. z :; 3 Dowioad] B T R S Nk conjunction with an oscilloscope, residual
L g R ] [ _2".'_’ -y Giid range: Vert 01018 Horz 010 18 50Hz mains currents were not evident.
sy F | {oaded - 20Jan03 13-46-05.tt
L [ P S e et MULTIPLE PROBES

Typical example of one of the three analysis screens used by the Earth Resistivity
Logger’s PC software. The other two show full-screen displays of grid or graph data
for a 128 x 128 samples survey site, with zoom facilities.
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The discussion so far has been in rela-
tion to the current flowing between two
probes in series with a meter. Over the
many years that geophysicists have been
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electrically probing the soil in their
search for minerals and oil deposits
(since 1946 says Robert Beck), it has
been found that there are better probing
techniques than just using two probes.
Some of these have been adopted by
archaeologists.

Most of the favoured ones all use four
probes — two for transmission (TX), and
two for reception (RX). The righthand sec-
tion of Fig.2 shows one way in which the
second pair of probes can be used. Anthony
Clark says that there are also some tech-
niques that use five probes — with push-pull
TX across two and the fifth becoming a
grounded reference perhaps?

TWIN PROBES

There are several ways in which four
probes are used in relation to each other,
and each with its own merits. Their use is
outlined later, but no quality judgement is
offered here on their appropriateness to
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Fig.3. Power supply and transmission interface circuit for the Earth Resistivity Logger.
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a wire attached will
do. The probes don’t
even need to be
inserted very far, just
enough to penetrate
the soil to make
electrical  contact
with its moistness.

’ It will be obvious,
4 of course, that dry
will be less
o, capable of passing a
a2 current than moist
soil. Keep in mind
that the surface of

MEASURED
POTENTIAL

Fig.2. How current flowing between two probes is detected by

a second pair.

various survey situations - but it is worth
noting that Clark considers the Twin-Probe
technique to be the most favoured for
archaeological surveying, although the
Wenner technique is said to provide more
detailed results. Nick in his extensive use
of the prototype adopted the Twin-Probe
technique.

The Twin-Probe and Wenner techniques
were outlined in Robert Beck’s article and
were used in the author’s garden tests with
this Logger. They will be discussed in Part
2 in a bit more detail. Suffice to say for the
moment, both involve placing in the soil a
reference probe that is connected to the cir-
cuit’s OV line (common ground). This is
regarded as one half of the TX probes pair.

To the other TX probe is fed the alter-
nating voltage or current, evenly swinging
as a square wave above and below the OV
reference value. The function of the TX
probes is to set up a field of potential gra-
dient in the soil, which is then sampled by
the RX probes.

The RX probes are positioned at dis-
tances away from the TX probes as dictat-
ed by the probing technique being used.
They are connected to the twin inputs of a
differential amplifier, whose output signal
amplitude is determined by the difference
in the two input levels. It is this signal
which is then monitored by the control
circuit.

It is not even necessary to use special
probes, any metal object that does not cor-
rode and can be inserted into the soil with
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the soil can dry out
faster than that
below it, and so a
reasonable amount
of penetration should be allowed. Robert
Beck allows 200mm with his probe struc-
tures discussed in Part 2.

With some sites it may be necessary to
evenly damp the soil with water before
adequate probing can begin.

POWER SUPPLY

The PIC-controlled processing circuit is
almost irrelevant to the main aspects of soil
monitoring! So first let’s look at the power
supply requirements, and the simple trans-
mission circuit, both illustrated in Fig.3.

As said in Table 1, the power can origi-
nate from any d.c. source (e.g. battery)
ranging between about 9V and 15V. This is
input via diode D1 to the +5V voltage reg-
ulator IC1. The diode prevents distress to
the circuit in the event of the battery being
connected with the wrong polarity.

The regulated +5V output from ICI
powers the main PIC-controlled circuit,
which must not receive a supply signifi-
cantly greater than +5V. It also provides
the positive power to the TX and RX cir-
cuits. Both of these circuits additionally
need an equivalent negative supply. This is
generated from the +5V line by the voltage
inverting chip IC2, which outputs a voltage
of close to -5V.

TRANSMISSION
ouTPUT

Op.amp IC3 is the device which feeds the
137Hz alternating signal to one TX probe
(the “active” TX probe). As previously said,

the other TX probe is connected to the OV
power line. IC3 is configured as a compara-
tor whose inverting input (pin 2) is tied to
the potential divider chain formed by equal-
value resistors R1 and R2. The resistors are
connected across the +5V and OV lines and
the voltage at their junction is thus 2-5V.

The non-inverting input (pin 3) of IC3 is
connected to one of the PIC microcon-
troller’s output pins (RA2) and is fed with
a 137Hz square wave, generated by the
software, and which alternates between
+5V and OV. As this square wave repeated-
ly crosses above and below the 2:5V refer-
ence voltage, IC3’s comparator action
takes place and its output (pin 6) alternates
between the device’s upper and lower volt-
age limits, i.e. swinging between about
+4V and 4V.

Note that the op.amp to which the TX
probes are connected (IC3) is short-circuit
protected internally and is unlikely to suf-
fer if the probes accidentally come into
contact with each other while the power is
switched on. However, do not sustain such
contact since it could cause regulator IC1
to get hot, and it will shorten the battery
charge life. '

OUTPUT RESISTANCE

Depending on the probing technique
used, experienced geophysicists can deter-
mine not only the subterranean density, but
also its possible composition. This is
apparently achieved by pre-setting the cur-
rent which flows between the two TX
probes.

Robert discussed this in the '97 text,
referring to the technique as providing a
“constant current”. It would appear,
though, that his circuit did not provide a
constant current in the literal sense — same
current flowing irrespective of resistive
conditions - but rather it provided a current
limit. It is the same limiting approach that
has been taken in this Logger design.

The output from IC3 can be switched by
S2 to the active TX probe via one of five
paths. These comprise a direct unlimited
path, and four limiting paths via resistors
R3 to R6, in order of 102, 100Q, 1kQ and
10kQ2.

Readers are referred to the publications
listed in Part 2 for information on resis-
tive path use. The field tests performed by
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Fig.4. Differenitial amplifier that receives, amplifies and conditions the AX probes signal prior to sending to the ADC input of the

P!C micrccontroller.

the author and Nick Tile were carried out
via the direct TX path (Nick says he has
not found the switchable resistance facil-
ity to be useful). In this role. the signal
amplitude across the TX probes is picked
up by the RX probes simply as wn alter-
nating signai whose amplitude varies
according to the soii density it has to pass
through.

RECEIVING CIRCUIT

The receiving circuit is shown in Fig.4.
The twin RX probes and their received d.c.
coupled signals are connected via buffering
resistors R7 and R8 to the respective inputs
of the differential amplifier. formed initial-
ly around op.amps IC4a and 1C4b and hav-
ing a gain of three. The outputs from these
op.amps are summed. still as d.c. signals.
by op.amp IC4c. which provides unity gain.

The resulting signal represents the
difference between the two input signal
levels. It is now a.c. coupled via capacitor

C6 to the amplifying stage around IC4d.
Here the gain can be switched by S3
between x1, x!10 and x100. In the proto-
type’'s garden tests. the x1 gain was
satisfaciory across the maximum probe
separation distance that the dense garden
flower beds would allow (11 metres)! Nick
says he prefers the x [} setting.

At this stage the signal is swinging
above and below OV. 1t has to be shifted so
that it only swings between OV and +5V at
the maximum extremes. to suit the PIC
microcontroller’s limits. This is achieved
by a.c. coupling the signal via capacitor C7
10 the level-shifting potential divider
formed by resistors R22 and R23. Diodes
D4 and DS limit the maximum voltage
swing then fed to the PIC. preventing it
from swinging above or below the PIC’s
limits of acceptance.

[t will be seen that two additional signal
paths are provided from the output of
IC4a/b and consist of resistors R16 and

R 17 plus diodes D2 and D3. These are not
part of the required analogue processing
circuit but were included for use during
software development. Their function will
be described presently.

CONTROLLER CIRCUIT

The PIC-controlled processing circuit is
shown in Fig.5. At its heart is a PIC16F876
microcontroller, IC5. manufactured by
Microchip. Tt is run at 3-6864MHz. as set
by crystal X1. The frequency may seem
unusual. but crystais tuned tg it are stan-
dard products. Its choice provides greater
accuracy of the baud rate at which the
logged data is output to the computer.

The software-generated 137Hz square
wave pulse train is output via pin RA2, and
fed to the TX op.amp IC3 in Fig.3.

Pin RA3 is the pin to which the level-
shifted signal output from IC4d is input.
The pin is configured by the software as an
analogue-to-digital converter (ADC).

TEST [oown] [mope | [ oownLoan]
= :
- I 1 1 I I 1
s9 ks
4
\, '_I o s |-| S5 sis-l SH
() +VE (] o o (]
o 2 ) 21
TOR16 o NTRBO =
TAR17 RA1LAN1 RB1
< 4 23
FOUT & RA2AN2/VREF RB2 =
TO D405 Z RAJANIVREF+  PGMABI f
RA4TOCK1 RB4
7 26
RAS/AN4/SS ]
c8 IC5  PGCLKRBS =
10p o Powerers  mapaner |28 | Rsaaz
3 OSC1/CLKIN TOICT PIN 11
o
X1 D6 TI0SOMICKIRCO fF
3.6864MH; Maiae 2
- ? TIOSICCP2RC1 ==
1
10p CCP1/RC2
L 10 14
- OSC2/CLKOUT SCWSCLRCS fhs
SDISDARC4 ;
R25 i
TCKIRC e 1 A 7
R6 1 Q29 R24 N.C, wm==ell A0 WP
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Fig.5. PIC-controlled processing, display and data storage circuit.
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The PIC repeatedly converts the input
signal to a 10-bit binary value which it out-
puts for display on the 2-line x 16-charac-
ter l.c.d. X2, as a decimal number. As usual
with the author’s designs, the l.c.d. is con-
trolled in 4-bit mode (and its pinouts on the
printed circuit board are in his standard
order). Its screen contrast is adjustable by
preset VRI.

Pressing switch S8 causes the PIC to
store (Save) the ADC’s 10-bit binary out-
put value to the 32 kilobyte (32768 bytes)
serial EEPROM chip, IC6, at the address
set by the user via switches S4 to S6. This
chip is another Microchip device, and was
first demonstrated by the author in his
PICI6F87x Data Logger of Aug/Sep ’99.
Its device number, 24LC256, indicates that
it has 256K single-bit memory locations.
These are accessed as 8-bit bytes.

In other applications, the 24L.C256 is
capable of being multiplexed with seven
others of its type, using its A0 to A2 inputs
to set each device’s multiplexed address. In
this application they are left unconnected,
leaving them biased internally. Resistor
R31 is essential to the correct reading of
the device’s retrieved data output value.

The 24L.C256 data sheet can be down-
loaded from Microchip’s web site
(www.microchip.com).

Data stored in the 24LC256 can be
retrieved and downloaded serially to a PC
via the RS-232 interface device (IC7) and
socket SKS, in Fig.6. Transfer is initiated
by pressing switch S7. Once started, all
32K bytes are sent to the PC in consecutive
address order.

DATA SAMPLING

The software controls the output of a
train of square wave pulses at the 137Hz
rate. Data sampling takes place on each
phase of the output pulse (high and low).
On each complete cycle, the minimum
value received is subtracted from the max-
imum (to establish the received signal’s
amplitude) and the result stored to a 32-
byte temporary memory block. So that
maximum peak-to-peak values of the
received square wave have stabilised, the
synchronous sampling takes place at the
end of each peak.

About once a second, the pulse train
stops while the 32 sample values are aver-
aged, and the l.c.d. display updated. The
pulse train then recommences for another
second. This gives the soil time to respond
to the re-application of the a.c. waveform,
and for the effects of any d.c. currents to be
over-ridden.

COMPONENTS

Resistors See

R1, R2, R9 YO
ALK

to R15, R20, &

R22, R23 100k (12 off) T
10Q

R4 100Q page
R25 1k (4 off)

R6, R16 to
R19, R24,

R26 to R31 }(h)/lk (12 off)

R21
All 0-25W 5% carbon film or better

Potentiometer

VR1 10k min. preset, round
Capacitors

Ct,C4to

C6 22u radial elect. 25V (4 off)
C2,C3 100n ceramic, Smm
pitch (2 off)
Cc7 470n ceramic, 5mm pitch
C8, C9

10p cef;amic. 5mm pitch

(2 0
C10, C11 1u radial elect. 16V (2 off)
C12to C14 10u radial elect 16V (3 off)

Semiconductors
1N4001 rectifier diode

D2 to D6 1N4148 signal diode
(5 off)
IC1 78L05 +5V 100mA
voltage regulator
IC2 ICL7660 voltage inverter
IC3 TLO71 f.e.t. op.amp
IC4 TLO74 quad f.e.t. op.amp
IC5 PIC16F876

microcontroller,
preprogrammed (see
text)

Approx. Cost
Guidance Only

£45

excl. batts & case

IC6 24L.C256 256 kilobit
serial EEPROM
IC7 MAX232 RS-232

interface driver

Miscellaneous

81, 89 s.p.s.t. min. toggle switch
(2 off

82 2-pole 6-way rotary
switch

83 4-pole 3-way rotary
switch

S84 to S8 min. push-to-make
switch (5 off)

SK1 to SK4 4mm single-socket,
1 each black, white,
yeliow, green (see
text)

SK5 9-pin D-type serial
connector, female,
chassis mounting

TB1,TB2  pin-header strips to suit, or
1mm terminal pins (2 off)

X1 3-2768MHz crystal

X2 2-line, 16-character

(per line) alpha-
numeric |.c.d. module

Printed circuit board, available from the
EPE PCB Service, code 388; plastic case
with see-through lid, 190mm x 110mm x
90mm (see text); 8-pin d.i.l. socket (3 off);
14-pin d.i.l. socket; 28-pin d.il. socket;
knobs (2 off); 4mm plugs, colours to match
4mm sockets (4 off); heavy-duty crocodile
clips, with coloured covers to match 4mm
sockets (4 off); robust cable for probes
(see text); 9V PP3 battery and clip (see
text); p.c.b. supports (4 off); nuts and bolts
to suit l.c.d. mounting style (4 off each);
internal connecting wire; solder, etc.

TEST VALUE DISPLAY

Resistors R16 and R17, mentioned pre-
viously, allow the PIC to monitor the volt-
age on the outputs of IC4a/IC4b for test
purposes, via its ADC inputs RAO/RAL.
Diodes D2 and D3 prevent the PIC from
receiving damaging negative voltages.

Originally, these outputs were intended
purely for development use. However, their
use has also proved beneficial in the out-
door monitoring environment and has been
retained. The monitored values are dis-
played in decimal on the l.c.d. and provide
indication of relative probe signal
strengths, and of the loss of connection to
one or more probes.

In relation to this test-motivated option,
a second signal strength display option has
been included via the software. The second

mode displays the

+5VO

upper and lower
peak values of the

Al -L
+VE Ci2

100
+

2

Ci+ v+

C2+

IC7 v-

!

i Lf -
4
o =il

Cco- MAX232

signal applied to the
35?;':; PIC’s RA3 input.
The two modes are
selected by toggle
switch §9.

SOFTWARE

In common with
many other PIC de-

maé;,
10—

"
FROM IC5 PIN |70—‘0| T1IN T10UT
T2IN T20UT gre==N.C
NC==4R10UT Rt IN

GND

|sl

oo

9
N.C==g R2 OUT R2IN C10 e

signs, the facility has
been provided to pro-
gram the PIC in situ,
via connector TB2.
Diode D6 and resis-

tor R25 prevent dis-

Fig.6. RS-232 interface circuit.
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tress to the +5V line
during programming.

Software, including source code files,
for the PIC unit and PC interface is avail-
able on 3.5-inch disk from the Editorial
office (a small handling charge applies —
see EPE PCB Service page) or it can be
downloaded free from the EPE FTP site.
The latter is accessible via the top of the
home page of the main EPE web site at
www.epemag.wimborne.co.uk. Click on
“FTP Site (downloads)”, then in turn on
PUB and PICS, in which page the files are
in the folder named EarthRes.

This month’s ShopTalk page provides
information about obtaining pre-pro-
grammed PICs.

The PIC program (ASM) was written in
TASM, although the run-time assembly is
supplied as an MPASM HEX file, which has
configuration values embedded in it (crystal
XT, WDT off, POR on, all other values off).

Regarding the PC interface, if you have
Visual Basic 6 already installed on your
machine, you only need to use files
EarthRes.exe and INPOUT.DLL. Copy
them into a new folder named C:\EARTH
RES, or any other of your choosing on
Drive C (the usual hard drive letter).

The ability to install to another drive let-
ter, e.g. Drive E on a partitioned drive, has
not been provided with this program.
Although the author has previously offered
the option with other VB6 programs, feed-
back from readers has indicated that the
option is not always reliable with some
systems. Consequently, it has been
dropped from this program. Readers who
know how this option can be reliably
implemented with VB6 are invited to tell
the author at EPE!
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Fig.7. Printed circuit board component layout and full-size copper foil master track pattern for the Earth Resistivity Logger.

If you do not have VB6, you need three
other files, comdlg32.0cx, Mscomctl.ocx
and Msvbm60.dll, held on our 3.5-inch
disk named Interface Disk 1, and in the
Interface folder on the FTP site (they are
also included with the Toolkit TK3 soft-
ware). These files must be copied into the
same folder as the other Earth Resistivity
files.

CONSTRUCTION

Details of the component and track lay-
outs for the printed circuit board (p.c.b.)

are shown in Fig.7. This board is available
from the EPE PCB Service, code 388.
Assemble in any preferred order, ensur-
ing that all the on-board link wires are
included, and that all polarity-conscious
components are the correct way round.
The use of sockets for all the dual-in-line
(d.i.l) i.c.s is recommended; it is essential
to use one for the PIC, ICS. Treat all i.c.s
as static sensitive and discharge static elec-
tricity from yourself before handling them,
by touching the bare grounded metal of an
item of earthed equipment, for example.

Everyday Practical Electronics, April 2003

Double-check the perfection of your
soldering and component positioning
before applying power. Do not insert any
of the d.i.l. i.c.s until the correctness of the
+5V output from regulator IC1 has been
proved.

To provide a degree of waterproofness,
the prototype was mounted in a robust
plastic box with a see-through lid. The
l.c.d. was mounted below the lid on the
inside. If a metal box with a see-through
lid can be found, it would provide even
greater durability.
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The final prototype board prior to installation.

It is recommended that a case of at least
50 per cent larger than used in the proto-
type should be employed to allow a large
9V to 12V battery to be adequately housed.

Probe sockets were 2mm types on the
prototype, simply because the author had
them in stock. It 1s recommended that 4mm
types should be used. These provide
greater robustness of the plugged connec-
tions and allow them to be removed readi-
ly. Nick recommends the use of restraints
near the sockets to prevent the connections
pulling out during a survey.

The probe sockets should be colour
coded, as should their respective plugs.
Colour suggestions are shown in the circuit
diagrams of Fig.3 and Fig.4. but may be
changed to suit availability. It is important
NOT to duplicate the colours — doing so
could result in leads being incorrectly
allocated to probes.

The use of crocodile clips with colour-
coded plastic covers was found to facilitate
the connection of leads to the probes them-
selves. Heavy-duty crocodile clips are rec-
ommended for ease of use (especially in
cooler or wet weather!).

When testing the prototype, it did not
appear to matter whether the probe leads
were screened or not. Consequently, stan-
dard lighting or low current cable could be
used. Twin-core mains cable was used by
the author and Nick, but in long term sur-
veys it might prove more convenient 10
have a mix of cable arrangements, of

07 @14 7) D7 @14 13@D6
D6 @13 DL @12 11@D4
D5 @12 DS®&10 9®D2
D4 @11 Di®a 7200
03 ®10 | E®6 5eRW
D2e9 RS® 4 30CX
Dies +Ve2 1e®w
Doe7

Ees

RW®S

RS @4

cxe3 |\

+5v @2

ovei

Fig.8. The two “standard” l.c.d. module
pinout arrangements.

294

differing lengths and cores. Obviously the
thicker it is, the lower the loss over long
lengths. but 50m (say) of such cable is
expensive. and heavy to drag about.

Details of constructing customised
prooes are given in Part 2, but in simple
applications four thin metal rods of the
type used in gardens as flower supports can
be used.

TESTING

Having established that +5V is present
on the output of regulator ICI, plug in the
voltage inverter chip, IC6. and check that
around -5V is present on its output.
Naturally, always disconnect power before
making component changes.

If all is well, the remaining i.c.s can be
inserted and the l.c.d. connected. Typical

pinouts for the latter are shown in Fig.8. It
will probably be necessary to adjust its
contrast using VR1 before a display will be
seen.

With power switched on again, check
that +5V and -5V are still present where
they should be. Switch off immediately if
they are not, and correct the cause of
malfunction.

On line 1 of the lc.d., the message
“SOIL RESISTIVITY” will be displayed
briefly before being replaced by some
numerical values, with more on line 2.

L.C.D. display following switch-on.

Example display when carrying out soil
monitoring with S9 switched on to test
mode.

With Test switch S9 switched on, the first
two values on line 1 show the monitored val-
ues present at the outputs of IC4a/1C4b, as
detected by the PIC’s ADC conversions.
Respectively, they are suffixed by the letters
B and A, indicating the op.amp to which they
refer (as given in the circuit diagram Fig.4).

With S9 off, the values are the upper and
lower peak vatues resulting from the ADC
conversion of the output of IC4d. They are
suffixed by the letters H and L (High and
Low). Any value between 0 and 1023 could
appear at this time for all four readings.

Interior of the case showing the relative positioning of the components. The p.c.b.
is the first prototype which did not include the RS-232 device, IC7. The latter can
be seen on its own sub-board to the left of the push-switches. It is recommended
that a larger case is used to allow a heavier-duty battery to be inserted.
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At the top right of line | is another
number, suffixed by a hash symbol (#).
This is the processed value that, when
Save switch S8 is pressed, is stored to the
serial memory as a grid value for the
coordinates on line 2. Switching between
gain settings using S3, the value will
change. (During a survey always keep S3
at the same setting.)

Note that if too strong an input signal is
amplified, the op.amp’s output may satu-
rate (reach its maximum obtainable level).
In practice, keep the value at the right of
line 1 well below about 500. A value of
1023 is the maximum that can result from
an ADC conversion, indicating that the
ADC has received an input voltage equal to
the power line voltage of +5V. This is an
improbable event as the op.amp output is
unlikely to swing that high.

L.C.D. LINEZ2

At the left of line 2 are shown the col-
umn and row values which represent the
survey grid coordinates, and thus the loca-
tion in the serial memory at which the
processed IC4 value is stored. They are
suffixed C and R respectively. An asterisk
symbol (*) will be seen to the right of one
or the other of these coordinate values
(more on setting coordinates in a moment).

At the right of line 2 is shown the value
that is currently stored at the specified
memory address. During the survey it will
normally show 0 as each new coordinate is
selected. When the Save switch S8 is
pressed the display will change to repeat
the number that has just been saved to the
memory as a 2-byte value. At any time dur-
ing the survey, the coordinate switches
may be used to recall the values that are
stored for each grid location.

There are three switches for coordinate
setting. Two of them, S4 and S5, respec-
tively increment or decrement the value
beside which is shown the asterisk. The
range is 0 to 127, rolling over to O after

Example of display when Save switch
S8 is pressed. In this case saving 28 to
EEPROM location 41.

incrementing beyond 127, or rolling over
to 127 after decrementing below 0.
Pressing Mode switch S€ changes the
position of the asterisk, thus allocating the
+/- switches to that aspect of the grid, i.e.
vertical (column) or horizontal (row).

DATA TRANSFER
SWITCH

Pressing Download switch S7 causes the
PIC to send the contents of the serial mem-
ory to the PC at a rate of 9600 baud. As
previously said, the values for each of the
16384 possible grid coordinates are stored
as two bytes — the MSB and LSB of the 10-
bit ADC values.

No attempt has been made to be selec-
tive about which set of values is sent to the
PC. All 32768 values are sent on each
occasion that S7 is pressed. The transfer
takes about 30 seconds.

During transfer, the top l.c.d. line shows
the message “SENDING TO PC”, with
line 2 blank. Upon completion of the trans-
fer, line 2 shows “SENDING FINISHED”,
and line 1 briefly displays the “SOIL
RESISTIVITY” message again, before
clearing to once more show the values
being sampled.

Line 2 remains with its last message
shown until the asterisk (Mode) switch S6
is again pressed, to once more show the
coordinate values.

Example display when downloading
stored data to a PC-compatible
computer has been completed.

Check that all the switches perform as
intended. It is not necessary to have probes
connected at this time, and it does not mat-
ter that the serial download will not be des-
tined anywhere — the PC’s data reception
side of things will be covered in Part 2.

PROGRAMMED ASIDE

Incidentally, experiments were made
using a graphics l.c.d. instead of an
alphanumeric one, to see if survey data
could be illustrated by the unit as an in-
built 20 x 20 grid display. However, the

ability to display values as different inten-
sity grey-scales was found to be too limit-
ed to justify the extra expense (at least
another £30) and so the facility was
dropped.

Had the result been acceptable, a
PIC16F877 would have been used with the
screen, in a manner similar to the author’s
Using Graphics L.C.D.s with PICs article
of Jan 0l.

EEPROM RESETTING

The contents of the serial EEPROM
can be reset to zero when required. As a
security measure (to avoid resetting inap-
propriately!), the reset routine can only
be called at the moment that the power is
being switched on. With the power off,
press and hold down Save switch S8,
then switch on the power. When the mes-
sage CLEARING EEPROM is seen,
release S8.

Example display during serial memory
resetting.

On line 2 will be a progress count dis-
play as the software writes zeros to all
32768 EEPROM data locations. It is a
somewhat lengthy process, taking about
three and half minutes. This is due to
numerous essential delays that are built
into the writing procedure.

The software for the EEPROM writing
and reading was originally downloaded
from Microchip’s CD-ROM for use in the
PIC16F877 Data Logger referred to earli-
er. It is recommended that you do not
attempt to modify Microchip’s coding to
speed the resetting process!

On completion of the resetting, which
also resets the column and row values, the
screen briefly shows the SOIL RESISTIV-
ITY message and proceeds in the normal
way as described earlier.

NEXT MONTH

In the final part next month, the PC-
compatible Windows software is described
and probing methods discussed.
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FREE Electronics Hobbyist Compendium
book wlth Teach-In 2000 CD ROM

Teach-in

EPE TEACH-IN
2000 CD-ROM

The whole of the 12-part Teach-in 2000 series by John
Becker (published in EPE Nov '99 to Oct 2000) is now
available on CD-ROM. Plus the Teach-In 2000 interac-
tive software covering all aspects of the series and
Alan Winstanley's Basic Soldering Guide (including
illustrations and Desoldering).

Teach-in 2000 covers all the basic principles of elec-
tronics from Ohm’s Law to Displays, including Op.Amps,
Logic Gates etc. Each part has its own section on the inter-
active software where you can also change component
values in the various on-screen demonstration circuits.

The series gives a hands-on approach to electronics
with numerous breadboard circuits to try out, plus a sim-
ple computer interface which allows a PC to be used as
a basic oscilloscope.

ONLY £12.45 inciuding VAT and p&p

Robotics

INTRODUCING ROBOTICS WITH LEGO MINDSTORMS
Robert Penfold
Shows the reader how to build a variety of increasingly sophis-
ticated computer controlled robots using the briliant Lego
Mindstorms Robotic Invention System (RIS). Initially covers
fundamental building techniques and mechanics needed to
construct strong and efficient robots using the various “ciick-
together" components suppiied in the basic RIS kit. Then
explains in simple terms how the “brain” of the robot may be
programmed on screen using a PC and “zapped” to the robot
over an infra-red link. Also, shows how a more sophisticated
Windows ming language such as Visual BASIC may
be used to control the robots.

Details buiding and programming instructions provided,
including numerous step-by-step photographs.

288 pages — large format (el EIgETER: T[]

£14,99

MORE ADVANCED ROBOTICS WITH LEGO
MINDSTORMS - Robert Penfold

Covers the Vision Command System

Shows the reader how to extend the capabilities of
the brilliant Lego Mindstorms Robotic Invention System
(RIS) by using Lego’s own accessories and some 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. Learn to use additional types of
sensors including rotation, 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 ActiveX con-
trol (Spirit. OCX) that is provided with the RIS kit.

Detailed building instructions are provided for the fea-
tured robots, including numerous step-by-step pho-
tographs. The designs include rover vehicles, a virtual
pet, a robot arm, an ‘intelligent’ sweet dispenser and a
colour conscious robot that will try to grab objects of a

specific colour.
Order code BP902

298 pages

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 network). A lifelike android hand can be
built and programmed to function doing repetitive tasks. A
fully animated robot or android can also be built and pro-
grammed to perform a wide variety of functions.

The contents include an Overview of State-of-the-Art
Robots; Robotic Locomotion; Motors and Power
Controllers; All Types of Sensors; Tilt; Bump; Road and
Wall Detection; Light; 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 Applications; A Computer-Controlled
Robotic Arm; Animated Robots and Androids; Real-World
Robotic Applications.

224 pages Order code MGH1

£14.99

£16.99
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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 technology society. 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.
Assuming a basic knowledge of electronics, this book
provides an easy to understand grounding in the topic.
Chapters in the book: Radio Today, Yesterday, and
Tomorrow; Radio Waves and Propagation; Capacitors,
Inductors, and Filters; Modulation; Receivers;
Transmitters; Antenna Systems; Broadcasting; Satellites;

Personal Communications; Appendix - Basic
Calculations.
263 pages £17.99

PROJECTS FOR RADIO AMATEURS AND SW.LS.

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.8.
audio filters; Simple noise limiters; A speech processor; A
volume expander.

Other 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 sass

AN INTRODUCTION TO AMATEUR RADIO

I, D, Poole

Amateur radio is a unique and fascinating hobby which
has attracted thousands of people since it began at the
turn of the century. This book gives the newcomer 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
etc.

Order code BP257 £5.49

VALVE RADIO AND AUDIO REPAIR HANDBOOK
Chas Miiler

This book is not only an essential read for every profes-
sional working with antique radio and gramophone
equipment, but also dealers, collectors and valve tech-
nology enthusiasts the world over. The emphasis is firm-
ly on the practicalities of repairing and restoring, so
technical content is kept to a minimum, and always
explained in a way that can be followed by readers with
no background in electronics. Those who have a good
grounding in electronics, but wish to learn more about
the practical aspects, will benefit from the emphasis
given to hands-on repair work, covering mechanical as
well as electrical aspects of servicing. Repair techniques
are also illustrated throughout.

A large reference section provides a range of infor-
mation compiled from many contemporary sources, and
includes specialist dealers for valves, components and
complete receivers.

Order code NE34

150 pages

288 pages £20.99

Computers and Computing

MULTIMEDIA ON THE PC

tan R, Sinclair

In this book, you'll find out what a CD ROM is, how it
works, and why it is such a perfect add-on for a PC,
allowing you to buy programmes, text, graphics and
sound on a CD. It also describes the installation of a CD
ROM drive and a sound card, pointing out the common
problems that arise, and then shows how to use them to
create a complete multimedia presentation that con-
tains text, photos, a soundtrack with your own voice
recorded as a commentary, even animation and edited

video footage.
Order code PC112 £12,95

184 pages

HOW TO BUILD YOUR OWN PC - Third Edition
Morris Rosenthal

More and more people are building the own PCs. They
get more value for their money, they create exactly the
machine they want, and the work is highly satistying
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 and non-intel chipsets) and a Slot 1 (Pentium
It) 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 eI ER el I £20.99

PIC YOUR PERSONAL INTRODUCTORY COURSE
SECOND EDITION John Morton

Discover the potential of the PIC micro-
controller through graded projects — this book could
revolutionise your electronics construction work!

A uniquely concise and practical guide to gettin p
and running with the PIC Microcontroller. The Pi
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.

270 pages Order code NE36

UNDERSTANDING PC SPECIFICATIONS

R. A. Penfold (Revised Edition)

If you require a microcomputer for business applica-
tions, or a high quality home computer, an IBM PC or
compatible is often the obvious choice. They are com-
petitively priced, and are backed up by an enormous
range of applications programs, hardware add-ons, etc.
The main ditficulty for the uninitiated is deciding on the
specification that will best suit his or her needs. PCs
range from simple systems of limited capabilities up to
complex systems that can happily run applications that
would have been considered beyond the abilities of a
microcomputer not so long ago. It would be very easy to
choose a PC system that 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 interleave 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!

128 pages 5.5

£13.99
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Theory and Reference

Beboap To Th?
Boolean Boogle
By Clive (call me
Max) Maxfield
Specially imported
by EPE - Excellent
value
An Unconventional
Guide to
Electronics
Fundamentals,
Components and
Processes

This book gives the
“big picture” of digital
electronics. This
indepth, highly readable, up-to-the-minute guide shows you
how electronic devices work and how theyte made. You'll
discover how transistors operat2, how prinied circuit
boards are fabricated, and what the nnards of memory ICs
look like. You'll also gain a working knowledge of Boolean
Algebra and Karnaugh Maps, and understand what Raed-
Muller logic is and how it's used. And there’s much, MUCH
more (including a recipe for a truly great seafood gumbol!).
Hundreds of carefully dsawn dlust-ations ciearly show the
important points of eact topic. The authors tongue-in-
cheek British humor makes if a delight to read, bt this is a
REAL technical book, extremely detailed and accurate. A
great reference for your own shetf and alse an ideal grft for
a friend or famnily member who warts to urderstand wnat it
is you do all day. . ..

BeRopE

BOOIEN
BOOGH

£26.95

470 pgs - large format KV GEIELLER: 223

BEBOP BYTES BACK (2nd the
Beb ter Comp i

CD-ROM
Clive (Max) Maxfield and Alvin
Brown

This follow-on to Bebup fo the

Boolean Boogie is a multimedia

extravaganza of information

about how computers work. It

picks up where “Bebop I” 'eft off.
guiding you through the fascirat-
ing world of computer design

and you'll have a few chuckies, if not belly laughs, along
the way. In addition to over 200 megabytes of mega-cool
multimedia, the CD-ROM contains a virtual microcomput-
er, simulating the motherboard and standard computer
peripherals in an extremely realistic manner. In addition to
a wealth of technical information, myriad nuggets of triv-
ia, and hundreds of carefully drawn illustrations, the CD-
ROM contains a set of lab experiments for the virtual
microcomputer that let you recreate the experiences of
early computer pioneers. If you're the slightest bit inter-
ested in the inner workings of computers, then don’t dare
to miss this!

Over 800 pages in Adobe Acrobat format

£21.95 including VAT and p&p

Order code BEB2 CD-ROM

ELECTRONICS MADE SIMPLE

lan Sinclair

Assuming no prior knowledge, Electronics Made Simple
presents an outline of modern electronics with an empha-
sis on understanding how systems work rather than on
details of circuit diagrams and calculations. It is ideal for
students on a range of courses in eiectronics, including
GCSE, C&G and GNVQ, and for students of other
subjects who will be using electronic instruments and
methods.

Contents; waves and pulses, passive components,
active components and ICs, linear circuits, block and
circuit diagrams, how radio works, disc and tape record-
ing, elernents of TV and radar, digita! signals, gating
and logic circuits, counting and correcting, ricro-
processors, calculators and computers, miscellaneous

systems.
Order code NE23

199 pages
SCROGGIE'S FOUNDATIONS OF WIRELESS
AND ELECTRONICS ~ ELEVENTH EDITION
S.W. Amos and Roger Amos
Scroggie's Foundations is a classic text for anyone work-
ing with electronics, who needs to know the art and craft
of the subject. It covers both the theory and practical
aspects of a huge range of topics from valve and tube
technology, and the application of cathode ray tubes to
radar, to digital tape systems and optical recording
techniques.

Since Foundations of Wireless was first published over 60

£13.99

years ago, it has helped many thousands of readers to
become familiar with the principles of radio and electronics.
The original author Sowerby was succeeded by Scroggie in
the 1940s, whose name became synonymous with this
classic primer for practitioners and students alike. Stan
Amos, one of the fathers of modern electronics and the
author of many well-known books in the area, took over the
revision of this book in the 1980s and it is he, with his son,
who have produced this latest version.

400 pages Order code NE27

GETTING THE MOST FROM YOUR MULTIMETER

R. A. Penfold

This book is primarily aimed at beginners and those of
limited experience of electronics. Chapter 1 covers the
basics of analogue and digital multimeters, discussing the
relative merits and the limitations of the two types. In
Chapter 2 various methods of component checking are
described, including tests for transistors, thyristors, resis-
tors, capacitors and diodes. Circuit testing is covered in
Chapter 3, with subjects such as voltage, current and
continuity checks being discussed.

In the main little or no previous knowledge or experi-
ence is assumed. Using these simple component and cir-
cuit testing techniques the reader should be abie to con-
fidently tackle servicing of most electronic projects.

Order code BP239 £4.49

DIGITAL GATES AND FLIP-FLOPS

lan R. Sinclair

This book, intended for enthusiasts, students and techni-
cians, seeks to establish a firm foundation in digital elec-
tronics by treating the topics of gates and flip-flops thor-
oughly and from the beginning.

Topics such as Boolean algebra and Karnaugh map-
ping are explained, demonstrated and used extensively,
and more attention is paid to the subject of synchronous
counters than to the simple but less important ripple
counters.

No background other than a basic knowledge of elec-
tronics is assumed, and the more theoretical topics are
explained from the beginning, as also are many working
practices. The book concludes with an explanation of
microprocessor techniques as applied to digital logic.

Order code PC106 £9.95

£21.99

96 pages

200 pages

Music, Audio and Video

QUICK GUIDE TO ANALOGUE SYNTHESIS

lan Waugh

Even though music production has moved into the digi-
tal domain, modemn synthesisers invariably use ana-
logue synthesis technigues. The raason is simple —
analogue synthesis s ftexible and versatile, and it's rel-
atively easy for us 10 understand. The basics are the
same for all analogue synths, and yeu'il quickly be able
to adapt the principies io any instrument, to edit exist-
ing sounds and create exciling new ones. This book
describes: How anzalogue synthesis works; The essen-
tial modules every syrthesiser has; The three steps to
synthesis; How to create phat bass sounds. How to
generate filter sweeps; Advanced synth modules; How
to create simple ard complex synth patcnes; Where to
find soft synths on the Web.

If you want to take your synthesiser — of the hardware
or software variety — past the presets, and program
your own sounds and effects, this practical and well-
illustrated book tells you what you need o know.

Order code PC113 £7.45

QUICK GUIDE TO MP3 AND DIGITAL MUSIC

lan Waugh

MP3 files, the latest dgita! music format, have taken the
music industry by storm. What are they? Where do you
get them? How oo you use them? Why have they thrown
record companies into a panic? Will they make music
easier to buy? And cheaper? Is ths the future of music?

All these questions ar.d more are answered in this
concise and practical baok which expiains everything
you need to know abbout MP3s in a simple and easy-to-
understand manner. 1t explains:

How to play MP3s on your computer: How 10 use
MP3s with handnela MP3 players; Where to find MP3s
on the Web; How MP3s work; How te tune into Internet
radio stations; How to create your own MP3s; How to
record your own CDs fram MP3 files: Other digital audio
music formats.

Whether you war to stay bang up to date with the lat-
est music or create your own MP3s and join the on-line
digital music revoiution, this book wilF show you how.

50 pages 7.8

60 pages

ALL PRICES
INCLUDE UK POST
AND PACKING
CD-ROM prices include VAT
and/or postage to anywhere
in the world

ELECTRONIC MUSIC AND MIDI PROJECTS

R. A. Penfold

Whether you wish to save money, boldly go where no musi-
cian has gone before, rekindle the pioneering spirit, or sim-
ply have fun building some electronic music gadgets, the
designs featured in this book should suit your needs. The
projects are all easy to build, ana some are so simple that
even complete beginners at electronic project construction
can tackle them with ease. Stripboard layouts are provided
for every préject, together with a wirng diagram. The
mechanical side of construction has largely been left to
individual constructors to sort out, simply because the vast
majority of project builders prefer to do their own thing in
this respect.

None of the designs requires the use of any test equip-
ment in order to get them set up properly. Where any set-
ting up is required, the procedures are very straightforward,
and they are described in detail.

Projects covered: Simple MIIDI tester, Message grabber,
Byte grabber, THRU box, MIDI auto switcher, Auto/manual
switcher, Manual switcher, MID! patchbay, MIDI controlled
switcher, MIDI lead tester, Program change pedal,
Improved program change pedal, Basic mixer, Stereo
mixer, Electronic swell pedal, Metronome, Analogue echo

unit.
Order code PC116

124 pages

THE INVENTOR QOF STEREOQ — THE LIFE AND WORKS
OF ALAN DOWER BLUMLEIN

Robert Charles Alexander

This book is the definitive study of the life and works of
one of Britain's most important inventors who, due to a
cruel set of circumstances, has all but been overlooked by
history.

Alan Dower Blumlein led an extraordinary life in which his
inventive output rate easily surpassed that of Edison, but
whose early death during the darkest days of World War
Two led to a shroud of secrecy which has covered his life
and achievements ever since.

His 1931 Patent for a Binaural Recording System was
$0 revolutionary that most of his contemporaries regard-
ed it as more than 20 years ahead of its time. Even years
after his death, the full magnitude of its detail had not
been fully utilized. Among his 128 patents are the princi-
pal electronic circuits critical to the development of the
world's first elecronic television system. During his short
working life, Blumlein produced patent after patent
breaking entirely new ground in electronic and audio
engineering.

During the Second World War, Alan Blumigin was deeply
engaged in the very secret work of radar deveiopment and
contributed enormously to the system eventually to become
'H25' ~ blind-bombing radar. Tragically, during an experi-
mental H2S flight in June 1942, the Halifax bomber in which
Blumiein and several colleagues were flying, crashed and
all aboard were killed. He was just days short of his thirty-

ninth birthday.
Order code NE32

420 pages

£10.95

£16.99
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VIDEO PROJECTS FOR THE ELECTRONICS
CONSTRUCTOR

R. A. Penfold

Written by highly respected author R. A. Penfold, this book
contains a collection of electronic projects specially designed
for video enthusiasts. All the projects can be simply con-
structed, and most are suitable for the newcomer to project
construction, as they are assembled on stripboard.

There are faders, wipers and effects units which will
add sparkle and originality to your video recordings, an
audio mixer and noise reducer to enhance your sound-
tracks and a basic computer control interface. Also,
there's a useful selection on basic video production
techniques to get you started.

Complete with explanations of how the circuit works, shop-
ping lists of components, advice on construction, and guid-
ance on setting up ana using the projects, this invaluable
book will save you a small fortune.

Circuits include: video enhancer, improved video
enhancer, video fader, horizontal wiper, improved video
wiper, negative video unit, fade to grey unit, black and white
keyer, vertical wiper, audio mixer, stereo headphone
amplifier, dynamic noise reducer, automatic fader, pushbut-
ton fader, computer control interface, 12 volt mains power

supply.
Order code PC115

124 pages

PC MUSIC - THE EASY GUIDE

Robin Vincent

How do | make music on my PC? Can | record music onto
my PC? What's a sequencer? How can | get my PC to print
a music score? What sort of a soundcard do | need? What
hardware and software do | need? How do | connect a key-
board to my PC?:

Just a few of the questions you've probably asked. Well,
you'll find the answers to ail these questions, and many
more, in this book. It will show you what can be done, what
it all means, and what you will need to start creating your
own music on your PC. It's an easy read, it's fully illustrated
and it will help you understand how a computer can be used
as a creative music tool.

It covers soundcards, sequencers, hard disk digital audio
recording and editing, plug-ins, printing scores with notation
software, using your PC as a synthesiser, getting music onto
and off the Internet, using Windows, sample PC music set-
ups, FAQs, a glossary, advice on hardware and software,
and a list of industry contacts.

116 pages

HIGH POWER AUDIO AMPLIFIER CONSTRUCTION
R. A. Penfold

Practical construction details of how to build a number of
audio power amplifiers ranging from about 50 to 300/400
watts r.m.s. includes MOSFET and bipolar transistor

designs.
Order code BP277 £4.49

£10.95

£11.95

96 pages
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Circuits,
Data and
Design

PRACTICAL ELECTRONIC FILTERS

Owen Bishop

This book deals with the subject in a non-mathematical
way. It reviews the main types of filter, explaining in sim-
ple terms how each type works and how it is used.

The book also presents a dozen filter-based projects
with applications in and around the home or in the
constructor's workshop. These include a number of audio
projects such as a rythm sequencer and a muiti-voiced
electronic organ.

Concluding the book is a practical step-by-step guide to
designing simple filters for a wide range of purposes, with
circuit diagrams and worked examples.

Order code BP299 £5.49

DIGITAL ELECTRONICS -

A PRACTICAL APPROACH FREE
With FREE Software: Number One [[o]adT7\:13
Systems — EASY-PC

Professional XM and Pulsar (Limited Functionality)
Richard Monk

Covers binary arithmetic, Boolean algebra and logic
gates, combination logic, sequential logic including the
design and construction of asynchronous and synchro-
nous circuits and register circuits. Together with a consid-
erable practical content plus the additional attraction of its
close association with computer aided design including
the FREE software.

There is a 'blow-by-blow' guide to the use of EASY-PC
Professional XM (a schematic drawing and printed circuit
board design computer package). The guide also con-
ducts the reader through logic circuit simulation using
Pulsar software. Chapters on p.c.b. physics and p.c.b.
production techniques make the book unique, and with
its host of project ideas make it an ideal companion for
the integrative assignment and common skills compo-
nents required by BTEC and the key skills demanded by
GNVQ. The principal aim of the book is to provide a
straightforward approach to the understanding of digital
electronics.

Those who prefer the ‘Teach-In' approach or would
rather experiment with some simple circuits should find
the book's final chapters on printed circuit board produc-
tion and project ideas especially useful.

250 pages (large format) JEEETEIY TN £19,99

88 pages

A BEGINNER'S GUIDE TO TTL DIGITAL ICs

R. A. Penfold

This book first covers the basics of simple logic circuits in
general, and then progresses to specific TTL logic
integrated circuits. The devices covered include gates,
oscillators, timers, flip/flops, dividers, and decoder cir-
cuits. Some practical circuits are used to illustrate the use
of TTL devices in the “real world".

142 pages 545
HOW TO USE OPAMPS
E. A. Parr

This book has been written as a designer's guide
covering many operational amplifiers, serving both as a
source book of circuits and a reference book for design
calculations. The approach has been made as non-math-
ematical as possible.

160 pages Temporarily out of print

PIC YOUR PERSONAL INTRODUCTORY COURSE
SECOND EDITION John Morton

Discover the potential of the PIC micro-
controller through graded projects — this book could
revolutionise your electronics construction work!

A uniquely concise and practical guide to getting up
and running with the PIC Microcontroller. The PIC is
one of the most popular of the microcontrollers that are
transforming electronic project work and product
design.

Assuming no prior knowledge of microcontrollers and
introducing the PICs capabilities through simple pro-
jects, this book is ideal for use in schools and colleges.
It is the ideal introduction for students, teachers, tech-
nicians 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 NE36 £13.99

270 pages

For a further selection
of books see the next

two issues of EPE
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Project Building & Testing

ELECTRONIC PROJECTS FOR EXPERIMENTERS

R. A. Penfold

Many electronic hobbyists who have been pursuing their
hobby for a number of years seem to suffer from the
dreaded “seen it all before” syndrome. This book is fairly
and squarely aimed at sufferers of this complaint, plus
any other electronics enthusiasts who yearn to try some-
thing a bit different. No doubt many of the projects fea-
tured here have practical applications, but they are all
worth a try for their interest value alone.

The subjects covered include:- Magnetic field detector,
Basic Hall effect compass, Hall effect audio isolator, Voice
scrambler/descrambler, Bat detector, Bat style echo loca-
tion, Noise cancelling, LED stroboscope, Infra-red “torch”,
Electronic breeze detector, Class D power amplifier,
Strain gauge amplifier, Super hearing aid.

198 pages ss4s

ELECTRONIC PROJECT BUILDING FOR BEGINNERS

R. A. Penfold

This book is for complete beginners to electronic project
building. It provides a complete introduction to the practi-
cal side of this fascinating hobby, including the following
topics:

Component identification, and buying the right parts;
resistor colour codes, capacitor value markings, etc:
advice on buying the right tools for the job; soldering;
making easy work of the hard wiring; construction meth-
ods, including stripboard, custom printed circuit boards,
plain matrix boards, surface mount boards and wire-wrap-
ping; finishing off, and adding panel labels; getting “prob-
lem” projects to work, including simple methods of fault-
finding.

In fact everything you need to know in order to get start-
ed in this absorbing and creative hobby.

135 pages Temporarily out of print
PRACTICAL FIBRE-OPTIC PROJECTS
R. A. Penfold

While fibre-optic cables may have potential advantages
over ordinary electric cables, for the electronics
enthusiast it is probably their novelty value that makes
them worthy of exploration. Fibre-optic cables provide an
innovative interesting alternative to electric cables, but in

most cases they also represent a practical approach to
the problem. This book provides a number of tried and
tested circuits for projects that utilize fibre-optic cables.

The projects include:- Simple audio links, F.M. audio
link, P.W.M. audio links, Simple d.c. links, PW.M. d.c. link,
P.W.M. motor speed control, RS232C data links, MIDI
link, Loop alarms, R.PM. meter.

All the components used in these designs are readily
available, none of them require the constructor to take out
a second mortgage.

Order code BP374 £5.45

132 pages

RADIO BYGONES

We also carry a selection of books
aimed at readers of EPE's sister maga-
zine on vintage radio Radio Bygones.
These books include the Comprehensive
Radio Valve Guides (five books with a
Free copy of the Master Index) for just
£15. Also Jonathan Hill's excellent Radio
Radio, a comprehensive book with hun-
dreds of photos depicting the develop-
ment of the British wireless set up to the
late 1960s.

The three volumes of our own Wireless
For the Warrior by Louis Meulstee are
also available. These are a technical his-
tory of radio communication equipment in
the British Army from pre-war through to
the 1960s.

For details see the shop on our UK web
site at www.epemag.wimborne.co.uk or
contact us for a list of Radio Bygones
books.

Amex, Diners Club or Switch to:

BOOK ORDERING DETAILS

All prices include UK postage. For postage to Europe (air) and the rest of the world (surface)
please add £2 per book. For the rest of the world airmail add £3 per book. CD-ROM prices
include VAT and/or postage to anywhere in the world. Send a PO, cheque, international money
order (£ sterling only) made payable to Direct Book Service or card details, Visa, Mastercard,

DIRECT BOOK SERVICE, WIMBORNE PUBLISHING LTD.,
408 WIMBORNE ROAD EAST, FERNDOWN, DORSET BH22 9ND.

Books are normally sent within seven days of receipt of order, but please allow 28 days for
delivery — more for overseas orders. Please check price and availability (see latest issue of
Everyday Practical Electronics) before ordering from old lists.

For a further selection of books see the next two issues of EPE.
Tel 01202 873872 Fax 01202 874562. Email: dbs @epemag.wimborne.co.uk
Order from our online shop at: www.epemag.wimborne.co.uk/shopdoor.htm

BOOK ORDER FORM

Full name: .

Address:

Signature: .......

[_] Please charge my card £ ..

[] I enclose cheque/PO payable to DIRECT BOOK SERVICE for £

Card Number .......

Please send book order codes:

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

Please continue on separate sheet of paper if necessary
If you do not wish to cut your magazine, send a letter or copy of this form

Everyday Practical Electronics, April 2003




PCB SERVICE

Printed circuit boards for most recent EPE constructional projects are available from
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and
roller tinned. Al prices include VAT and postage and packing. Add £1 per board for
airmail outside of Europe. Remittances should be semt to The PCB Service,
Everyday Practlical Electronics, Wimborne Publishing Ltd., 408 Wimborne Road
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872; Fax 01202 874562;
Emall: orders@epemag.wimborne.co.uk. On-line Shop: www.epemag.
wimborne.co.uk/shopdoor.htm. Cheques should be crassed and made payable to
Everyday Practical Electronics (Payment in £ sterling on’I!).
NOTE: While 95% of our boards are held in stock and are dispatched within
days of receipt of order, pl allow a maximum of 28 days for delivery
- overseas readers allow extra if ordered by surface mail.
Back numbers or photostats of articles are available if required — see the Back
Issues page for details. We do not supply kits or components for our projects.

Please check price and availability in the latest issue.

A number of older boards are listec on our website.
Boards can only be supplied on a payment with order basis.

PROJECT TITLE Order Code | Cost
Simple Audio Circuits — 3

— Dual QOutput Power Supply 356 £4.60

— Crossover/Audio Filter 357 £4.44
Infra-Red Autoswitch 358 £4.91
“* EPE StyloPIC 359 £6.50
Rotary Combination Lock — Main Board 360 £5.39

- Interface Board 361 £4.91

% Using the PIC's PCLATH Command — Software onl - -
Big-Ears Buggy m 362 £5.71
¥ PIC World Clock 363 £5.39
Simple Audio Circuits—4

Low Freq. Oscillator 364 £4.44

Resonance Detector 365 £428
Vinyl-To-CD Preamplifier Em 366 £5.71
+ Freebird Glider Control 367 £4.91
* Morse Code Reader 368 £5.23
Headset Communicator 369 £4.75
EPE Bounty Treasure Hunter 370 £4.77
+ ¥ Digital 1.C. Tester 3n £7.14
% PIC-Pocket Battleships — Software only = -
Transient Tracker 372 £4.75
# PICAXE Projects—1: Egg Timer; Dice Machine;

Quiz Game Monitor (Multiboard) 373 £3.00
+ Tuning Fork & Metronome 374 £5.39
“ % EPE Hybrid Computer — Main Board double- 375 £18.87
— Atom Board sided 376 £11.57

# PICAXE Projects-2: Temperature Sensor;

Voltage Sensor; VU Indicator (Multiboard) 373 £3.00
J* Versatile PIC Flasher 377 £5.07
% PICAXE Projects-3: Chaser Lights 373 £3.00

6-Channel Mains Interface 381 £5.08

EFE Minder — Transmitter 378 £4.75

— Receiver 379 £€5.39
* Wind Speed Monitor 380 £5.08
Tesla Transformer 382 £5.07
+ Brainibot Buggy 383 £3.00
* Wind Tunnel 384 £6.02
200kHz Function Generator 385 £6.34
Wind-Up Torch Mk Il 386 £4.75
+ Criver Alert 387 £6.35
“ Earth Resistivity Logger 388 £6.02
+* Intelligent Garden Lights Controller 389 £3.96

+ PIC Tutorial V2 — Software only

Software programs for EPE projects marked with a single asterisk % are
available on 3.5 inch PC-compatible disks or free from our Internet site. The
following disks are available: PIC Tutorial (Mar-May '98); PIC Tutorial V2
(Apr-June '03); EPE Disk 1 (Apr '95-Dec '98); EPE Disk 2 (1999), EPE
Disk 3 (2000); EPE Disk 4 (2001); EPE Disk 5 (2002); EPE Disk 6 (Jan
2003 issue to current cover date — excl. Earth Resistivity); EPE Earth
Resistivity Logger (Apr-May '03); EPE Teach-In 2000; EPE Spectrum;
EPE Interface Disk 1 (October '00 issue to current cover date). % % The
software for these projects is on CD-ROM. The 3.5 inch disks are £3.00
each (UK), the CD-ROMSs are £6.95 (UK). Add 50p each for overseas sur-
face mail, and £1 each for airmail. All are available from the EPE PCB
Service. All files can be downloaded free from our Internet FTP site:
ftp:/fftp.epemag.wimborne.co.uk.

PROJECT TITLE Order Code Cost
Doorbell Extender: Transmitter 2932 £4.20
Receiver 293 £4.60
Trans/Remote 294 £4.28
Rec./Relay 295 £4.92
EPE Snug-bug Heat Control for Pets 296 £6.50
Camcorder Mixer 299 £6.34
+ PIC Graphics L.C.D. Scope 300 £5.07
Hosepipe Controller JUNE '01 301 £5.14
Magfield Monitor (Sensor Board) 302 £4.91
Dummy PIR Detector 303 £4.36
*PIC16F87x Extended Memory Software only - -
Stereo/Surround Sound Amplifier m 304 £4.75
Perpetual Projects Uniboard—1 305 £3.00
Solar-Powered Power Supply & Voltage Reg.

MSF Signal Repeater and Indicator
Repeater Board 306 £4.75
Meter Board 307 £4.44

% PIC to Printer Interface 308 £5.39
Lead/Acid Battery Charger AUG '01 309 £4.99
Shortwave Loop Aerial 310 £5.07
% Digitimer — Main Board 311 £6.50

- R.F. Board 312 £4.36

Perpetual Projects Uniboard—2

L.E.D. Flasher — Double Door-Buzzer 305 £3.00
Perpetual Projects Uniboard-3 305 £3.00
Loop Burglar Alarm, Touch-Switch Door-Light
and Solar-Powered Rain Alarm
L.E.D. Super Torches — Red Main 313
- Display Red 314 }Se' £6.10
— White L.E.D. 315 £4.28

% Sync Clock Driver 316 £5.94
* Water Monitor 317 £4.91
Camcorder Power Supply 318 £5.94
PIC Toolkit Mk3 319 £8.24
Perpetual Projects Uniboard—4. Gate Sentinel, Salar- 305 £3.00

powered Bird Scarer and Solar-Powered Register
Teach-In 2002 Power Supply 320 £4.28
Lights Needed Alert 321 £5.39
Pitch Switch 322 £5.87
Capacitance Meter — Main Board (double-sided) 323}5 il £12.00
— Display Board (double-sided) 324 J°° :

% % PIC Toolkit TK3 — Software only - -
4-Channel Twinkling Lights 325 £6.82
Ghost Buster — Mic 326
b i 327}Set £5.78

PIC Polywhatsit - Digital 328
- Analogue 329156t £7.61
Forever Flasher m £4 .44
Time Delay Touch Switch 331 £4.60

% PIC Magick Musick 332 £587
Versatile Bench Power Supply 333 £5.71
+* PIC Spectrum Analyser 334 £7.13
Versatile Current Monitor 335 £4.75
Guitar Practice Amp 338 £5.39

irus Zapper 337 XTS5
RH Meter 338 £4.28

% PIC Mini-Enigma — Software only - -

% Programming PIC Interrupts — Software onl -

x P 0 der Ala 339 £6.50
+ PIC Big Digit Display 341 £6.02
Washing Ready Indicator 342 £4.75
Audio Circuits—1 - LM386N-1 343 £4.28

- TDA7052 344 £4.12

- TBAB20M 345 £4.44

- LM380N 346 £4.44

- TDA2003 347 £4.60

— Twin TDA2003 348 £4.75

World Lamp 0 340 €571
Simple Audio Circuits—2 — Low, Med and High

Input Impedance Preamplifiers (Single T-ans.) 349 £4.60

Low-Noise Preamplifier (Dual Trans.) 350 £4.75

Tone Control 351 £4.60

Bandpass Filter 352 £4.75

Frequency Standard Generator — Receiver 353 £4.12

- Digital 354 £6.82

“* Biopic Heartbeat Monitor 355 5. 71

EPE PRINTED CIRCUIT BOARD SERVICE

Order Code Project Quantity Price
N F= T L= SR
F X [0 (=T S
L= TR X Lo PR PON
| enclose paymentof £................ (cheque/PO in £ sterling only) to:
TR

VISA Everyday “w
wwsws=  Practical Electronics

e.«as.e@ MasterCard, Amex, Diners
g Club, Visa or Switch
02T o 1 1\ o TP
Card Exp. Date ....c.ccoooveeveercrennnns Switch Issue No ...........

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

e Y U] ) 0 o T O F OO O T O T C T O T

NOTE: You can also order p.c.b.s by phone, Fax, Email or via our
Internet site on a secure server:

http://www.epemag.wimborne.co.uk/shopdoor.htm
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WHETHER ELECTRONICS IS YOUR HOBBY
OR YOUR LIVELIHOOD . ..

vou Neep THE MODERN ELECTRONICS MANUAL
and the ELECTRONICS SERVICE MANUAL

THE MODERN ELECTRONICS MANUAL (CD-ROM VERSION ONLY)

r—— Zooecna
B L
!
\

EVERYTHING YOU NEED TO GET
STARTED AND GO FURTHER IN ELECTRONICS!

The revised CD-ROM edition of the Modern Electronics Base
Manual (MEM) contains practical, easy-to-follow information on the
following subjects:

BASIC PRINCIPLES: Electronic Components and their
Characteristics (16 sections from Resistors and Potentiometers to
Crystals, Crystal Modules and Resonators); Circuits Using Passive
Components (10 sections); Power Supplies; The Amateur
Electronics Workshop; The Uses of Semiconductors; Digital
Electronics (6 sections); Operational Amplifiers; Introduction to
Physics, including practical experiments; Semiconductors

(5 sections) and Digital Instruments (3 sections).

CIRCUITS TO BUILD: There's nothing to beat the satisfaction of
creating your own projects. From basic principles, like soldering
and making printed circuit boards, to the tools needed for
circuit-building, the Modern Electronics Manual and its
Supplements describe clearly, with appropriate diagrams, how to
assemble a radio, loudspeaker circuits, amplifiers, car projects,

The essential reference
work for everyone
studying electronics

® Over 800 pages

® [n-depth theory

® Projects to build

@ Detailed assembly instructions

® Full components checklists

® Extensive data tables

® Manufacturers’ web links

® Easy-to-use Adobe Acrobat
format

® Clear and simple layout

e Comprehensive subject range

® Professionally written

® Regular Supplements

a computer interface, measuring instruments, workshop
equipment, security systems, medical and musical circuits, etc.
The Base Manual describes 12 projects including a Theremin
and a Simple TENS Unit.

ESSENTIAL DATA: Extensive tables on diodes, transistors,
thyristors and triacs, digital and linear i.c.s.

EXTENSIVE GLOSSARY: Should you come across a technical
word, phrase or abbreviation you're not familiar with, simply look
up the glossary included in the Manuat and you'll find a
comprehensive definition in plain English.

The Manual also covers Safety and provides web links to
component and equipment Manufacturers and Suppliers.

The most comprehensive reference work ever produced at a price
you can afford, the CD-ROM edition of THE MODERN
ELECTRONICS MANUAL provides you with all the essential
information you need.

THE MODERN ELECTRON’CS MANUAL (MEM - CD-ROM version only)

Revised CD-ROM Edition of Basic Work: Contains over 800 pages of information in Adobe Acrobat format. Edited by John Becker.
Regular Supplements: Additional CD-ROMs each containing approximately 500 pages of additional information on specific areas of
electronics are available for £19.95 each. Information on the availability and content of each Supplement CD-ROM will be sent to you.
Presentation: CD-ROM suitable for any modern PC. Requires Adobe Acrobat Reader which is included on the MEM CD-ROM.

Price of the Basic Work: £29.95 POST FREE.

ORDER BOTH MANUALS TOGETHER AND SAVE £20

A mass of well-organised and clearly explained information is brought to you by expert editorial

teams whose combined experience ensures the widest coverage
Regular Supplements to these unique publications, keep you abreast of the latest technology and
techniques If required




ELECTRONICS SERVICE MANUAL

(PRINTED VERSION ONLY)

EVERYTHING YOU NEED TO KNOW TO GET STARTED IN The essential work for
SAFETY: Be knowledgeable about Safety Regulations, Electrical Safety and First Aid. e’ectron ic e qu ip ment

UNDERPINNING KNOWLEDGE: Specific sections enable you to Understand Electrical
and Electronic Principles, Active and Passive Components, Circuit Diagrams, Circuit
Measurements, Radio, Computers, Valves and Manufacturers' Data, etc.

PRACTICAL SKILLS: Learn how to identify Electronic Components, Avoid Static
Hazards, Carry Out Soldering and Wiring, Remove and Replace Components.

TEST EQUIPMENT: How to Choose and Usa Test Equipment, Assemble a Toolkit, Set ggg;"%’egmand using test
Up a Workshop, and Get the Most from Your Multimeter and Oscilloscope, efc. pme)

SERVICING TECHNIQUES: Th lar Suppl ts include vital guideli how t Reference data

: The regular Supplements include vital guidelines on how to 4
Service Audio Amplifiers, Radio Receivers, TV Recsivers, Cassette Recorders, Video Easy-to use_ format
Recorders, Personal Computers, etc. Clear and simple layout

TECHNICAL NOTES: Commencing with the IBM PC, this section and the regular V"afl safety precautions
Supplements deal with a very wide range of specific types of equipment — radios, TVs, Professionally written
cassette recorders, amplifiers, video recorders etc.. Regular Supplements

REFERENCE DATA: Detailing vital parameters for Diodes, Small-Signal Transistors, Sturdy gold blocked ring-binder
Power Transistors, Thyristors, Triacs and Field Effect Transistors. Supplements include
Operational Amplifiers, Logic Circuits, Optoelectronic Devices, etc.

ELECTRONICS SERVICE MANUAL

(ESM - Printed version only)

Basic Work: Contains around 900 pages of information. Edited by Mike Tooley BA
Regular Supplements: Unlike a book or encyclopedia, this Manual is a living work —
continuously extended with new material. If requested, Supplements are sent to you on
approval approximately every three months. Each Supplement contains around 160 pages
— all for only £23.50+£2.50 p&p. You can, of course, return any Supplement (within ten
days) which you feel is superfluous to your needs. You can also purchase a range of past
Supplements to extend your Base Manual on subjects of particular interest fo you.
Presentation: Durable looseleaf system in large A4 format

Price of the Basic Work: £29.95
(to include a recent Supplement FREE).

® Around 900 pages
Fundamental principles
Troubleshooting techniques
Servicing techniques

T

bl R R R R R e e S P e e E R PRI RI ] ('§ uaran t )\ \ i (]

& Our 30 day money back guarantee gives you complete peace of mind. If you are not entirely happy with the Electronics Service |5
5| Manual, for whatever reason, simply return it to us in good condition within 30 days and we will make a full refund of your g
payment — no small print and no questions asked. All we ask is that you pay the return postage. (Overseas buyers also have to

pay our overseas postage charge). Sorry, but we can only make exchanges on the Modern Electronics Manual (CD-ROM
version) if the CD-ROM is faulty, we cannot offer a money back guarantee on this product as the content can be printed out.

Wimborne Publishing Ltd., Dept Y4, 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872. Fax: 01202 874562.
Online shop: www.epemag.wimborne.co.uk/shopdoor.htm

————————————————————————————————————————————1

rPLEASE send me E

| D ORDER FORM |

| - (= J Simply complete and return the order form with your |

| ] THE MODERN ELECTRONICS MANUAL (CD-ROM version only) e payment to the following address: |

Wimbome Publishing Ltd, Dept. Y4, 408 Wimborne

| [C] ELECTRONICS SERVICE MANUAL plus a FREE SUPPLEMENT (Printed version only) ! Road East, Fem%own, Dorset BH22 9ND |

| !enclose payment of £29.95 (for one Manual) or £39.90 for both Manuals (saving £20 by We offer a 30 day MONEY BAck GUARANTEE | |
ordering both together) plus postage if applicable.

| . on ESM - see the panel above for detalls. |

I | also require the appropriate ESM Supplements four times a year. These are billed I
separately and can be discontinued at any time. (Please delete if not required.

. ) POSTAGE CHARGES FOR ESM
| FULLNAME ... it ittt ittt tnnenisner s ananessnsssssnnnnes MEM CD-ROM POST FREE TO ALL COUNTRIES I
(PLEASE PRINT) (Note we use the VAT portion of the MEM CD-ROM payment
b ADDRESS ...t e e e to pay for overseas postage) |
I ---------------------------------------------------------------------- Prlce PER ESM PRlNTED MANUAL '
| Postal Region Surface Air |
POSTCODE ...:......ccvnvnnn Mainland UK FREE Z |
] Scottish Highlands, |
0 e ] e B e 060 08650 0B 0060 0000 0000000000000000000000000360000000 UK Islands & Eire 7 each _ 0
} [] 1 enclose cheque/PO in UK pounds payable to Wimborne Publishing Ltd. Europe (EV) = £23 each I

. 9 9 . Europe (Non-EU) £23 each  £30 each
| [] Piease charge my Visa/Mastercard/Amex/Diners Club/Switch Switch IssueNo ..... USA & Canada 28 each  £39 each |
| Card No Far East & Australasia £35 each  £43 each |
T R e e e e L L L L L L L L CELLELELELEE T Rest of World £28each £52each |
| card Exp.Date.......... Card Security Code .......... Please allow four working days for UK delivery. |
| (The last 3 digits on or just under the signature strip) NOTE: Surface mail can take over 10 weeks to some partsof ||

the world. Each ESM weighs about 4kg when packed.

e e e e e e e e e e e e e o o o e o o o e e e e e e ]

mem-cd



ACTICAL!

CLASSIFIED

PEGTRONIES

Everyday Practical Electronics reaches twice as
many UK readers as any other UK monthly hobby
electronics magazine, our sales figures prove it.
We have been the leading monthly magazine in
this market for the last eighteen years.

If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display
pages offer the best value. The prepaid rate for semi-display space is £8 (+VAT) per single column centimetre (minimum 2-5cm).
The prepaid rate for classified adverts is 30p (+VAT) per word (minimum 12 words).

All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together
with remittance, should be sent to Everyday Practical Electronics Advertisements, Mill Lodge, Mill Lane, Thorpe-le-Soken, Essex CO16

OED. Phone/Fax (01255) 861161.

For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as above.

TOTALROBOTS

ROBOTICS, CONTROL &
ELECTRONICS TECHNOLOGY

High quality robot kits and components
UK distributor of the OOPic microcontroller

Secure on-line ordering
Rapid delivery
Highly competitive prices

Visit www.totalrobots.com

Tel: 0208 823 9220

V YV TTRANSFORMERS

Transformers and Chokes for all types
of circuits including specialist valve units
Custom design or standard range
High and low voltage

Variable Voltage Technology Ltd

Unit 3, Sheat Manor Farm, Chillerton,
Newport, Isle of Wight, PO30 3HP
Tel: 0870 243 0414 Fax: 01983 280593

email: sales@vvi-cowes.freeserve.co.uk
www.vvttransformers.co.uk

Cooke Ag
International 3
www.C - -0IM
Electronic Test &
Measuring Equipment
Tel: (+44) 0 1243 55 55 90
Operating & Service Manuals

X-10® Home Automation
We put you in control™

Why tolerate when you can automate?

An extensive range of 230V X-10 products
and starter kits available. Uses proven Power
Line Carrier technology, no wires required.

Products Catalogue available Online.
Worldwide delivery.

Laser Business Systems Ltd.
o E-Mail: info@laser.com W
"" http://www.laser.com

Tel: (020) 8441 9788 a
Fax: (020) 8449 0430

BTEC ELECTRONICS
TECHNICIAN TRAINING

VCE ADVANCED ENGINEERING
ELECTRONICS AND ICT
HNC AND HND ELECTRONICS
NVQ ENGINEERING AND IT
PLEASE APPLY TO COLLEGE FOR

NEXT COURSE DATE
FULL PROSPECTUS FROM

LONDON ELECTRONICS COLLEGE
(Dept EPE) 20 PENYWERN ROAD
EARLS COURT, LONDON SW5 9SU
TEL: (020) 7373 8721

BOWOOD ELECTRONICS LTD

Contact Will Qutram for your
Electronic Components
Email: sales@bowood-electronics.co.uk
Web: www.bowood-electronics.co.uk
7 Bakewell Road, Baslow, Derbyshire DE45 1RE
Tel/Fax: 01246 583777
Send 41p stamp for catalogue

PIC-project source code files: /pub/PICS

EPE text files: /pub/docs
Basic Soldering Guide: solder.txt

EPE FTP site: ftp://ftp.epemag.wimborne.co.uk
Access the FTP site by typing the above into your web browser, or by setting up an FTP
session using appropriate FTP software, then go into quoted sub-directories:

PIC projects each have their own folder; navigate to the correct folder and open it, then
fetch all the files contained within. Do not try to download the folder itself!

Ingenuity Unlimited submission guidance: ing_unlt.txt

" GREENWELD
—— Malil Order Specialists ——

ELECTRICAL & ELECTRONIC
COMPONENTS & KITS, TOOLS,
MATERIALS & HARDWARE

Greenweld Limited

unit 14 Homdon Industrial Park
West Horndon = Brentwood * Essex = CM13 3XD
Tel: 01277 811042 « Fax: 01277 812419

Email: bargains @ greenwelid,co. uk

Visit our website: www.greonwaeld.co.uk

PC Oscilloscope &
Signal Generator )

Affordable Oigital PC Ot and Signal Plugs
nto printer port. Samples at up to 20MHz or 30MHz. Generates
sine, triangular, saw, square and sweep wave. Custom wave down-
foaded and output at 20MHz or 30MHz step rates

Prices from £139.00
Visit www.clsystem.co.uk or call 07986 860815
NOW AVAILABLE WITH

zea 128K AND 512K - 024

ALSO SPECTRUM
AND QL. PARTS

W. N. RICHARDSON & CO.
PHONE/FAX 01494 871319

E-mail: wnr@ compuserve.com
RAVENSMEAD, CHALFONT ST PETER, BUCKS, SL9 ONB

Miscellaneous

FREE PROTOTYPE PRINTED CIRCUIT
BOARDS! Free prototype p.c.b. with quantity
orders. Call Patrick on 028 9073 8897 for
details. Agar Circuits, Unit 5, East Belfast
Enterprise Park, 308 Albertbridge Road, Belfast
BTS5 4GX.

PRINTED CIRCUIT BOARDS - QUICK
SERVICE. Prototype and production artwork
raised from magazines or draft designs at low
cost. PCBs designed from schematics.
Production assembly, wiring and software pro-
gramming. For details contact Patrick at Agar
Circuits, Unit 5, East Belfast Enterprise Park,
308 Albertbridge Road, Belfast, BTS 4GX.
Phone 028 9073 8897, Fax 028 9073 1802,
Email agar@argonet.co.uk.

G.CS.E. ELECTRONICS KITS, TOOLS,
pocket money prices. S.A.E. for free catalogue.
SIR-KIT Electronics, 52 Severn Road, Clacton,
CO15 3RB. www.geocities.com/sirkituk.
VALVES AND ALLIED COMPONENTS IN
STOCK - please ring for free list. Valve equip-
ment repaired. Geoff Davies (Radio). Phone 01788
574774.

TEST EQUIPMENT GOING CHEAP:
Picmaster emulator with 5x pods, £100;
Hunting 0-30kV insulation tester, £100;
Marconi TF2700 R-L-C bridge, £25; Fluke 87
true r.m.s. meter, £35; Thermocouple thermome-
ter, £35; Thurlby PL320 dual digital lab PSU,
£50; Tektronix AMS503/P6202 current probe,

New readers and subscribers info: epe_info.txt

Newsgroups or Usenet users advice: usenet.txt

Ni-Cad discussion: nicadfaq.zip and nicad2.zip

Writing for EPE advice: writedus.txt

You can also enter the FTP site via the iink at the top of the main page of our home site at:
hitp://www.epemag.wimborne.co.uk

Shop now on-line: www.epemag.wimborne.co.uk/shopdoor.htm

£600; Manson 3V-15V 30A lab PSU, £30;
Maplin X992A r.f. power meter 0-120W, £30;
Cliff component preformer, £190; Parvalux
35W 240V | r.p.m. motor/gearbox, £75. Tel: Mr
Stephen, 01395 274409.

SMALL MOTORS AND GEARBOXES.
A.C.. D.C. and Stepper made to your require-
ments. Over 10,000 variations to suit your
product. One off or one thousand off no
problem! Camis Electronics, 01384 441402.
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YOUR FUTURE LOOKS BRIGHT WITH ICS

Make a real success of yourself by gaining the vital skills || Electncat Contracting & Installation

and gualfications you need with an ICS home study || Electric#l Engneening

course. You learn in your own time, at your own pace || CAG Besc Electronic Engineenng

and from the comfort of your home. And wath over 13 || C&G Basic Mechanical Engneering
million successful students, you'll be joining the most || TV & Video Servicing

expenenced home study school in the world. You can | Radio & HiFi Servicing

do 1t with ICS! So why not impiove your job prospects || Reirgeraton, Heating & Air Conditioning
today by calling us now or retuming the coupon below. i Motorcycle & ATV Reparr

FREEPHONE 0500 581557 www.icslearn.co.uk

Or wnte 10. internationa! Correspondence Schools, FREEPOIST 882, 8 Elkot Place.
& Clydeway Skypark, Glasgow. G3 8BR Tel 0500 581 557 or from Eire call 1800 620 490
-
[

Please send me my Free Information on your Technical Courses.

Mr/Mrs/Nes/Mess 1
I (BLOCK CAPITALS PLEASE - _ DateolBah ! I
| o [
1! Postoode [
) Ema Toi No |
l From bme to bme. we permn other carsfully scresned organisations to wiite 10 ycu about | DeptZEEVCIC3 |
'\ products and services f you prefer not 1o hear from such orgaresabons piase bck box p

ELECTRONICS SURPLUS CLEARANCE SALE

A DIGITAL HANDHELD LCR METER. Measuring inductancs, capacitance, resistance. LCD dis-
play. Range 2mH to 20H inductance. 2000pF to 200xF capacitance. 200 ochm to 20 megohm
resistance. Brand new with test leads and manual. £44.00. P&P £4.

12v D.C. TO 240V A.C. 300 WATT POWER INVERTER. Ideal for use in your caravan, car, boat,
to run TV, lighting, fridges, recharge your mobile phone, etc. Compact size, brand new and boxed,
fully guaranteed. £49.50, p&p £6.50.

MAGNETIC CREDIT CARD READER. Keyboard and lap top display system. Part of point-of-sale
unit. Cost over £150. Our price £13.50. Carriage £7. Two units for £35 including carriage.
DOUBLE-GANG 365+365pF TUNING CAPACITOR. Plessey, size 17zin. x 1%in. with slow motion
drive. 1%in. long spindle. £5.00 each. P&P £1. Two for £10.00 post free.

EX-REUTERS DIGITAL SATELLITE SET TOP RECEIVERS. Suitable if authorised for weather
maps and low res pictures. Otherwise sold for experimental purposes, 950-14.600mc/s. Needs
dish and LNB. With manual. Used but in good condition. £29.50, carriage £10.00.

VALVE AUDIO COMPONENTS AND BOOKS
VALVE BASES. Octal B7G B9A. 50p each.
HIGH VOLTAGE CAPACITORS. 0-1 1000V wkg mixed dislectric axial. 0-05uF 600V wkg axiai
0-68 800V wkg Myler dipped axial. All 60p each. 1uF 250V wkg axial type. 10 for £2.00.
HIGH VOLTAGE ELECTROLYTICS. 10uF 250V wkg axial. 22uF 250 wkg axial. 47uF 385V wkg
radial. All 50p each.
HIGH VOLTAGE ELECTROLYTICS. 32 + 32uF 450V wkg. £5 each.
VINTAGE CARBON ONE WATT RESISTORS. Useful values. Pack of 50 £3.00.
VINTAGE CARBON Y% WATT RESISTORS. Pack of 50 £2.25.
Y WATT METAL/CARBON FILM RESISTORS. 250 for £1.00.
FILAMENT TRANSFORMERS. 6-3V 1-5amp. mains input, £5.95. P&P £2.00. 6-3V lamp £4.95
P&P £2.00.
MULLARD CIRCUITS FOR AUDIO AMPLIERS. Pub. Mullard circa 1955. Facsimile reprint. The
ultimate Valve Amplifier book. Constructional details for power amplifiers, pre-amplifiers for mon-
aural and stereophonic reproduction from microphone, radio, tape and pickup signals. 136 pages.
laminated picture boards. Circuits and illustrations. £11.50.
MULLARD HIGH QUALITY SOUND REPRODUCTION MANUAL. Published by Mullard circa
1958. A constructional manual for building Valves, Ampiifiers. Tuners etc. Contains full construc-
tional details for 5W, 10W and 20W amplifiers. 48 large format pages. Facsimile reprint. £12.50
incl. Post.
MULLARD AUDIO VALVES. Full operating conditions and characteristics for each audio
valve. 70 pages. Facsimile copy. £8.50 incl. Post.

THE ELECTRONICS SURPLUS TRADER - This is a listing of new first class com-
ponents and electronics items at below trade prices. Includes manufacturers’ surplus
and overstocks. Also obsolete semiconductors, valves and high voltage caps and
components. Electronic components and books. Send for the catalogue FREE.

P&P £2 under £10. Over Free unless otherwise stated.

(Dept E) CHEVET BOOKS AND SUPPLIES

157 Dickson Road, BLACKPOOL FY1 2EU _
Tel: (01253) 751858. Fax: (01253) 302979
Emalil: chevet@globalnet.co.uk Telephone Orders Accepted .

Callers welcorme Tuesday, Thursday, Friday and Saturday 10 am to 6 pm

STILL IN BUSINESS

Most items advertised or listed previously are probably
still in stock, including the BT INSULATION TESTER with
multimeter which internally generates voltage which
enables you to read insulation directly in megohms. The
multimeter has 4 ranges AC/DC volts, 3 ranges DC
milliamps, 3 ranges resistance and 5 amp range. These
instruments are tested and guaranteed OK, probably cost
at least £50 each, yours for only £7.50 with leads, carry-
ing case £2 extra. Order Ref: 7.5P4.

J & N FACTORS
Stairbridge Lane, Bolney, RH17 5PA
Telephone (01444) 881965

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

624 PAGE MAIL ORDER CATALOGUE

2003 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

eoorn TEL: 01243 842424 s
FAX: 01243 842525  VISA

N. R. BARDWELL LTD (Est.

100 Signal Diodes 1N4148 £1.00 | &  Assid.capaciors 1nF to uF ... £1.00

75 Rectrfier Diodes 1N400T £1.00 200 Asstd. disc ceramic capaciors . £1.00

50 Rectfier iodes 1NAOO7 £100 | 8  Asstd Skel Presets (sm. stand, cermet) . £1.00

10 W01 Bridge Rect €100 | ©  Asstd. RF chokes inductors) . . .. £1.00

10 555 Timer1.Cs ... .. £100 €3 Asstd.grommets .. ...... . £130

4 741 Op Amps £1.00 | 80  Assid. Soider tags, piconns, lerminais £120
Assorted Zener Diodes. 400mW £1.00 | 10 Assid crystals - plugin £100

12 Assoried 7 1t Displays . £1.00 8 Asstd. dil switches ....... £100

25  5mmled.s, red, greer of yellow L £1.00 20 Miniature shde Switches spico ..£100

-3 3mm Le d.s, red, green or yeliow £1.00 8 Asstd. push-button switches, multi-bank. meft-pole . .£1 00

75 Smm Le.d.s, green, 6-5mm £1.00 0 Asstd. il sockets up 10 40 way .. £3.00

50 Axial .8.1.5, red Orode €1.00 10 TV coax plugs, piastic ... .. L £100

25  Assid. Hgh Brightness Le.d.s, var cols £1.00 | 40 metes very tw connecting wire, red . ........ .. £1.00

20 BC182L Transistors . £1.00 20 1in. glass reed swiiches ........ . £1.00

25 BC12L Tansistors TE100 | 100 Anyone value WW 5% cf resisiors range 1R to 10M .£0.45

30 BC237 Transistors £1.00 10 7812 Voitage Regulators .. ... . ......J £1.00

20 BC327 Transstors £100 | 300 Assid ressiors, KW/%W, mostly on tapes £.00

k. BC328 Tangstors £1.00

B e te

20 ransistor £

30 BG83 Trangsion 100 288 Abbeydale Road, Sheffield S7 1FL

30 BC549 Transistors £100 Phone (local rate): 0845 166 2329

R L i Fax: 0114 255 5039

0 BCSS T.rrammm £1 g eo-mall: co.uk ‘W Web: co.uk

20 €1 Prices include VAT.Postage £1.65

100 AN S0V iy Ao e ] 44p stamp for lists or disk

80 capacors electrolytc. . £.00 | POs, Cheques and Credit Cards accepted

40 Asstd Radial Electrolytics. 4.7-2200uF £1.00

1948)
\ DIGITAL
TEST METER

Built-in transistor test socket
and diode test position.
DC volts 200mV to 1000V.
AC volts 200V to 750V.
DC current 200mA to 10A.
Resistance 200 ohms to
2000K ohms.

£5-99 incl. VAT

SEE OUR WEB PAGES FOR
MORE COMPONENTS AND
SPECIAL OFFERS
www.bardwells.co.uk
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FRUSTRATED!

Looking for ICs TRANSISTORs?
A phone call to us could get a result. We
offer an extensive range and with a world-
wide database at our fingertips, we are
able to source even more. We specialise in
devices with the following prefix (to name
but a few).

2N 2SA 2SB 25C 25D 2P 25J 25K 3N 35K 4N 6N 17 40 AD ADC AN AM AY BA
BC BD BDT BDV BDW BDX BF BFR BFS BFT BFX BFY BLY BLX BS BR
BRX BRY BS BSS BSV BSW BSX BT BTA BTB BRW BU BUK BUT BUV
BUW BUX BUY BUZ CA CD CX CXA DAC DG DM DS DTA DTC GL GM HA
HCF HD HEF ICL ICM IRF J KA KIA L LA LB LC LD LF LM M M5M MA
MAB MAX MB MC MDAJ MJE MJF MM MN MPS MPSA MPSH MPSU MRF
NIM NE OM OP PA PAL PIC PN RC S SAA SAB SAD SAJ SAS SDA SG SI SL
SN SO STA STK STR STRD STRM STRS SVI T TA TAA TAG TBA TC TCA
TDA TDB TEA TIC TIP TIPL TEA TL TLC TMP TMS TPU U UA UAA UC UDN
ULN UM UPA UPC UPD VN X XR Z 2N ZTX + many others

D-ROM
OR OUR FREE C
PLEASE ASK ke N STOCK LIST

(in .
ock a Massive Range of Componen

We St

Mail, phone, Fax Credit Card orders and callers welcome
» vEr
. eS|

Cricklewood Electronics Ltd

40-42 Cricklewood Broadway London NW2 3ET
Tel: 020 8452 0161 Fax: 020 8208 1441

Autonomous Programmable Robot Kits
Accessories - Sensors - Controller Boards

competition-robotics.com

Secure on-line ordering. Fast, friendly service.

Uninng Yo
Adapt] 1CIA0K

Tet: 01793 636119 Fax: 01793 705772
e-Mail: sales@competition-robotics.com

Web: www.competition-robotics.com

SHERWOOD ELECTRONICS

FREE COMPONENTS =

Buy 10 x £1 Special Packs and choose another one FREE

SP1 15 x 5mm Red LEDs SP134 15 x 1N4007 diodes

SP2 12 x 5Smm Green LEDs SP135 6 x Miniature slide switches
SP3 12 x 5mm Yeliow LEDs SP136 3 x BFY50 transistors

SP6 15 x 3mm Red LEDs SP137 4 x WO0O05 1-5A bridge rectifiers
Sp7 12 x 3mm Green LEDs SP138 20 x 2.2/63V radial elect. caps.
SP8 10 x 3mm Yeliow LEDs SP140 3 x W04 1-5A bridge rectifiers
SP10 100 x 1N4148 diodes SP142 2 x CMOS 4017

SP11 30 x 1N4001 diodes SP143 5 Pairs min. crocodile clips
SP12 30 x 1N4002 diodes {Red & Black)

SP18 20 x BC182 transistors SP145 6 x ZTX300 transistors

SP20 20 x BC184 transistors SP146 10 x 2N3704 transistors

SP21 20 x BC212 transistors SP147 5 x Stripboard 9 strips x
SP23 20 x BC549 transistors 25 holes

SpP24 4 x CMOS 4001 SP151 4 x 8mm Red LEDs

SP25 4 x 555 timers SP152 4 x 8mm Green LEDs

SP26 4 x 741 Op.Amps SP153 4 x 8mm Yellow LEDs

SP28 4 x CMOS 4011 SP154 15 x BC548 transistors

SP29 3 x CMOS 4013 SP156 3 x Stripboard, 14 strips x

SP34 20 x 1N914 diodes

SP36 25 x 10/25V radial elect. caps. SP160
SP37 12 x 100/35V radial elect. caps.  SP161
SP39 10 x 470/16V radial elect. caps.  SP165

27 holes
10 x 2N3904 transistors
10 x 2N3906 transistors
2 x LF351 Op.Amps

SP40 15 x BC237 transistors SP166 20 x 1N4003 diodes
SP41 20 x Mixed transistors SP167 5 x BC107 transistors
SP42 200 x Mixed 0-25W C.F.resistors SP168 5 x BC108 transistors
SP47 5 x Min. PB switches SP172 4 x Standard slide switches
SP49 4 x 5 metres stranded core wire  SP174 20 x 22/25V radial elect. caps
SP102 20 x 8-pin DIL sockets SP175 20 x 1/63V radial elect. caps.
SP103 15 x 14-pin DIL sockets SP177 10 x 1A 20mm quick blow fuses
SP104 15 x 16-pin DIL sockets SP182 20 x 4.7/63V radial elect. caps
SP105 4 x 74LS00 SP183 20 x BC547 transistors
SP109 15 x BC557 transistors SP187 15 x BC239 transistors
SP112 4 x CMOS 4093 SP189 4 x 5 metres solid core wire
SP115 3 x 10mm Red LEDs SP192 3 x CMOS 4066
SP116 3 x 10mm Green LEDs SP195 3 x 10mm Yellow LEDs
SP124 20 x Assorted ceramic disc caps SP197 6 x 20 pin DIL sockets
SP128 6 x Battery clips - 3 ea. SP198 5 x 24 pin DIL sockets

PP3 + PPY SP199 5 x 2-5mm mono jack plugs

SP130 100 x Mixed 0-5W C.F. resistors ~ SP200
SP131 2 x TLO71 Op.Amps
SP133 20 x 1N4004 diodes

5 x 2:5mm mono jack sockets

2003 Catalogue now available £1
inc. P&P or FREE with first order.
P&P £1.50 per order. NO VAT

RESISTOR PACKS - C.Film
RP3 5 each value - total 365 0-25W  £3.10
RP7 10 each value - total 730 0-25W £4.35
RP10 1000 popular values 0-25W £6.15
RP4 5 each value-total 345 0-5W £4.00
RP8 10 each value-total 630 0-5W  £6.65
RP11 1000 popular values 0-5W £8.50

Orders to:
Sherwood Electronics,
7 Willlamson St., Mansfleld,
Notts. NG19 6TD.
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smart electronic solutions

The most cost effective solution to PIC programmmg and development Ever!!

4 N )
ew |mproved
or TPICBAS|C y
o ReWritten from the ground up ¢ Windows™ Integrated Development Environment &
« Best Value For Money « Integrated serial bootloader software ‘ P
o Most powerful entry level compiler “program without a programmer!” L -
o 100% MPASM™ compatibility e Support for 12/14/18bit series devices t =
o Windows™ 98,ME,2000,NT & XP o Handles 32bit signed and unsigned variables . =2
compliant (numbers up to + 2147483647) . 3
« Real-Time Syntax checking o Specific commands for on-chip peripherals [ +
o Integrated PIC Programmer driver o Comprehensive command set %
« Program with one keystroke - Tighter code generation than MBASIC LN ©
« View BASIC and the resulting Assembly - More functionality than MELABS PICBASIC Pro -
« Supplied with book “LET PIC BASIC - More flexible than all BASIC Stamps o
Unteashed” by Les Johnson  Integrates directly into Proteus VSM - allows you to |= [3
. ‘ build a virtual circuit and see your BASIC code run 0
Free Evaluation copy from: in reai-time - see www.labcenter.co.uk .— :
WWW. picbasic .org o Easy macro Integration N
(includes Floating pointmath example) Q
L4 —~

. ]m PiC' wc £65'00 é Aimed at graduates, and professionals, all code
: of | Py 4

o produced is LICENCE FREE

SMﬂlgTﬂESST“EWBRm OF| Free Evaluation copy from:
SMARTnAHns ', www.picbasic.org

Crownhill PIC BASICv2 £125.00

PIC BASIC Smart Card Development system | _=¢ :
nother First from Crownhill, access the world of SMART | PI c / I " t

A % ., PCBASIC/ InterNe
- Development System

CARDS using PIC BASIC. This versatile development ]‘
The worlds First PIC BASIC InterNet development

gdom el:mq

system provides a platform for the development of :
applications using SMART memory cards and SECURE memory i
"
K
* system allowing PIC BASIC projects to
communicate across the WORLD via the InterNet.

cards. Detailed documentation describes all aspects of
development using the sample cards supplied, source code

Development board includes RS232, Ethernet Interface
and dedicated controller, LCD,

and circuit diagrams are included.
Prototype area, Power supply and full documentation.

e R R 2w proton Net £169.95

!l‘ |_ ited Kin

« Samgle cards, Bocumentation
\* Ful'y commentad LICENSE FREE Source code

« Integrated Boof Loader - No programmer required
r

W.

32 Broad Street, Ely, Cambs, CB7 4A

P
-‘ /

Visit Www. picbasic.org for
comprehensive details of these and
other PIC BASIC products, including:

VSM DEV ! @ DEV-IR
‘i; qii 1

Full range of Www.labcenter.co.uk Infra RED TX and Rx

» ; DEVELOPMENT boards, Proteus VSM development system,
LCD £1 6.95 incl Graphics LCD’s Fully supported by with experiments ana
== C . and Audio PICBASIC Plus source code

All pr Qs ‘subjdl¥ fo Isbstagexkiry and VATA
r edlt | ‘ “mai

ptef), telep®one, web or maIL order.

LCD |

ready assembled. PCB, PICmicro, LCD
display, Circuit, LICENSE FREE commented
source code

2x16 serial LCD display, supplied as a kit or

WW

S » r

ﬁ g k. World Radio Hist



BK ELECTRONICS

OMP MOS-FET POWER AMPLIFIER
HIGH POWER, TWO CHANNEL 19 INCH RACK

10,000’s
SOLD
TO PRO
USERS

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS

FOUR MODELS:- MXF200 (100W + 100W) MXF400 (20CW + 200W)
MXF600 (300W + 300W) MXF900 (450W + 450W)

ALL POWER RATINGS ARE R.M.S. INTO 4 OHMS, WITH BOTH CHANNELS DRIVEN

FEATURES:- " Independent power supplies with two toroidal _transiormers
* Twin L.E.D. Vu Meters * Level controls * llluminated on/off switch * Jack / XLR in utsF .
os-Fets

Speakon Outputs *Standard 775mv ln?uts
for stress free delivery into virually any load *
cases * MXF600 & MXF900 fan cooled with

O'_Pen and Short circuit proof © Latest
h slew rate * Very low distortion * Aluminium
.C. Loudspeaker anrd thermal protection.

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, D‘SCOS ETC

MXF200 W19" D11”

H3'/." (2U
MXF400 W19" D12" H5'." (3U

SIZES:- MXF600 W19" D13" HS'/ 3uU

MXF900 W19 D14" H5'/." (3U

PRICES:- MXF200 £175.00 MXF400 £233.85
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL £12.50 Each

ATALOGUE 2001-2002
W’ ;

érhe IETH Frnr‘v

:ctronics

Unit 1, Comet way, Soutne’ T -5t.-Tas
Essex. ®52 6vat

01702-8> 7572 Fax:- 01702-420243

Lov.all- salesGlholes. o

E.} SOF
Web 3.%¢ - WV THare ey

PR PR PV TN PP [ g ¢ (] “"'

Ye'

of ' 4

AN ACTIVE SUB BASS AMPLIFIER WITH A TRUE 100W
RMS OUTPUT. SUPERB CONSTRUCTION WITH THE
FACILITIES TO INTEGRATE SEEMLESSLY INTO MOST
HI-FI OR HOME CINEMA SETUPS. USE THIS PANEL
PLUS ONE OF OUR LOUDSPEAKERS TO MAKE YOUR
OWN SUB WOOFER THAT WILL MATCH OR BEAT MOST
COMMERCIALLY  AVAILABLE SUB WOOFERS.

FEATURES:- * 100W RMS INTO 8 OHMS * HIGH AND
LOW LEVEL INPUTS * TOROIDAL TRANSFORMER
* SHORT CIRCUIT PROTECTION * D.C. SPEAKER
PROTECTION * FREQUENCY ROLL OFF, LOWER
10Hz, UPPER 60H2 TO 240Hz (FULLY ADJUSTABLE)
‘“ AC3 COMPATIBLE FILTER CAN BE BYPASSED
FOR 5-1 FORMATS. * AIRTIGHT CONSTRUCTION
¥ ' TENS OF THOUSANDS OF OUR PANELS ALREADY
IN USE. * COMPLETE WITH LEADS

SPECIFICATIONS:-* POWER 100W RMS @ 8 OHMS *FREQ RESP. 10Hz 15KHz
-3dB * DAMPING FACTOR >200 * DISTORTION 0.05% * S/N A WEIGHTED
>100dB * SUPPLY 230V A.C. *WEIGHT 2.7Kg * SIZE H254 X W254 X D94mm
THERE ARE 2 VERSIONS OF THE ABOVE PANEL AVAILABLE :-BSB100/8
8 OHM VERSION BSB100/4 4 OHM VERSION BOTH PANELS ARE PRICED AT
£117.44 + £5.00 P&P INCL. VA.T. CHFCK

ERSITE FOR PAM R

SITE F ELS P

POWER AMPLIFIER MODULES-LOUDSPEAKERS-MIXERS
19 INCH STEREO AMPLIFIERS-ACTIVE CROSS/OVERS.

OMP X03-S STEREO 3 WAY ACTIVE CROSSOVER

il XO3 Bass-Mid 250/500/800Hz. Mvd To

OMP MOS-FET POWER AMPLIFIER MODULES

and Hi-Fi etc. When comparing prices, NOTE that all models include toroida! power supply, integral heatsink,
glass fibre P.C.B. and drive circuits to power a compatible Vu meter. All models are open and short circuit proof

DELIVERY CHARGES PLEASE INCLUDE AS ABOVE
= T M AMOU £30. 00 OFFICIAL_ ORDERS
OM SCHOOL COLLEGES LCs ETC. PRICES
INCLUSIVE OF V.A.T. SALES COUN'TER CREDIT CARD
ORDERS ACCEPTED BY POST PHONE OR F,

* PRICES INCLUDE V.A.T.
* PROMPT DELIVERY

- [T R X3 3] A new range of quality loudspeakers, designed to take advantage of
(W o)1l T XY ‘atest loudspeaker technology and enclosure designs. All models

utiise high quality studio cast aluminium loudspeakers with factory

fitted grilles, wide dispersion constant directivity homs, extruded aluminium comer protection and steel
ball comers, complimented with heavy duty black covering. The enclosures are fitted as standard with
top hats for optional loudspeaker stands. The FC15-300 incorporates a large 16 X 6 inch hom. All
cabinets are fitted with the latest Speakon connectors for your convenience and safety.
Five models to choose from.

mE

DVO=—-ZO0L MOO

PLEASE NOTE:- POWER RATINGS
QUOTED ARE iN WATTS R.M.S. FOR
EACH INDIVIDUAL CABINET ALL
ENCLOSURES ARE 8 OHMS

15=15 Inch speaker
“— 12=12 Inch speaker
] FC15-300 WATTS Freq Range 35Hz-20kHz,Sens 101dB, Size H695 W502 D415mm
Price:~ £299.00 per pair
ibl FC12-300 WATTS Freq Range 45Hz-20kHz, Sens 96dB, Size H600 W405 D300mm
Price:- £249.00 per pair
ibl FC12-200 WATTS Freq Range 40Hz-20kHz, Sens 97dR. Size H600 W405 D300mm
Price:- £199.00 per pair
ibl FC12-100 WATTS Freq Range 45Hz-20kHz, Sens 100dE, Size H546 W380 D300mm
Price:- £179.00 per pair
ibl WM12-200 WATTS Freq Range 40Hz-20kHz, Sens 97dB, Size H418 W600 D385mm
Price:- £125.00 Each
SPECIALIST CARRIER DEL - £12 50 per pair wedge monitor £7.00 each
Optional Metal Stands PRICE ~ £49 .00 per pair Delivery:- £6.00

ASSYMIDNTOP
CONFIGURED 3 WAY

FEATURES:-

Advanced 3-Way Stereo Active Cross-Over (Switchable two way), housed in a 19" x 1U case. Each
channel has three level controls: Bass, Mid & Top. The removabie front facia allows access to the
programmable DIL switches to adjust the cross-over frequency: There are two versions availabie:-
X03-S Bass-Mid 125/250/500Hz, Mid-Top 1.8/3/5kHz, all at 24 dB per octave.

1.8/3/5kHz, aII at 24 dB per Octave.

Please make sure you ask for the correct model when ordering. The 2/3 way selector switches are
also accessed by removing the front facia Each stereo channel can be configured separately. Bass
Invert Switches are incorporated on each channel Nom nal 775mV mput/output. Fully compatible
with the OMP Rack Ampifier and Modules

BOTH MODELS PRICED AT £117 44 + £5 00 P&P

BASS/MID TOP
2 WAY BASS/MID COMBINED

BASS MID/TOP
2 WAY MID/TOP COMBINED

SUrPLIED &
BUILT AND
world-wide reputa: n for qu rel and performance at a realistic price. Four]
the needs of the professional and hobby market e. Industry, Leisure, Instrumentallj

These modules now enjoy
models are avail:ble to su

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Output Power 110 watts

R.M.S. into 4 ohms,frequency response 1Hz -

100kHz -3dB Damplng actor >300, Slew Rate

45V/uS, TH.D ¥8lca G.002%, Input Sensitivity

500mvV, S. N R 1 dB Suze 300 );, 123 x 60mm.
Pric

OMP/MF 200 Mos Fet Output Power 200 watts
R.M.S. into 4 ohms,frequency response 1Hz -
100kHz -3dB Damping

actor >300, Slew Rate
50V/uS, t¥8|cal 0. OO1° Input Sensitivity
500mvV, S N B. Size 300 x 155 x 100mm.

Price:- £66.35 + £4.00 P&P

—_———— ——— —_—————
OMP/MF 300 Mos-Fet Output Power 300 watts
RM.S. into 4 ohms, freci: ency response 1Hz -
100kHz 3dB Damplng actor >300, Slew Rate

60V/uS t¥8|cal 0.001%, Input Sensitivity
500mV, S N R "110dB. Size 330 x 175 x 100mm.
Price:- £83.75 + £5.00 P&P

oM o0s-Fet tput Power 450 watts
R.M.S. into_4 ohms,frequency response 1Hz -
100kHz -3dB Dampung actor >300, Slew Rate
75V /uS, TH typlca 0001 %, Input Sensmwct?/
500mV, S.N R.""110dB. Fan Cooled

Loudspeaker Protection, Second Anti Thufnp
Delay. Slze 385 x 210 x 105
Price:- £135.85 ~ £6 00 P&P

utput Fower waltts
R.M.S. into 2 ohms, freEuency response 1Hz -
100kHz -3dB, Damping Factor >300, Slew Rate
75V/uS THD. typical 0.001%, Input Sensmwg
500m S.N.R. 0dB. Fan Cooled !
Loudspeaker Protectlon 2 Second Anti Thump
Delay. Size 422 x 300 x 125

LES ARE AVA.LABLE IN
STANDARD - INPUT SENS 500mV,BANDWIDTH 100kHz. OR PEC
(PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS
775mV BANDWIDTH S0kHz ORDER STANDARD OR PEC

B.K. ELECTRONIC

UNIT 1 COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR.

TEL.: 01702-527572 FAX.: 01702-420243
Web:- http:/www.bkelec.com E-Mail sales @bkelec.com





