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SAFE &
SOUND

Alarm deterrent for
PIR security lights

ATV T
' and FUTURE TECHNOLOGIES



WIND GENERATORS 380 WATT

1 14 metre dia blades, carbon matnx blades 3 year wamanty, 12vdc
output, 24v version availabie, controf electromcs included, brushiess
neodymium CubiC curve alternator, only two moving pans, maintenance
free simple roof top mnstallation, start up speed 7mph, max output
(30mph) 380w £499 ref AIR1T

PLANS

PORTABLE X RAY MACHINE PLANS Easy to construct
plans on a sunple and cheap way to bulld a home X-ray machinel
Effective device X-ray sealed assemblies can be used for expenmental
purposes Not a toy or for minors! £6/set Ref F/XP1
TELEKINETIC ENHANCER PLANS Mystfy and amaze your
friends by creating motion with no XNown apparem means Of cause
Uses no electncal or mechanical connections, no special gimmicks yet
produces positive motion and effect Excellent for science projects,
magic shows, party demonstrations of senous research & development
of this strange and amazing phychic phenomenon

£4/set Ref F/TKE

ELECTRONIC HYPNOSIS PLANS & DATA Ths data
shows several waysto put subjects under your control Included s a full
volume reference text and several construction plans that when
assembled can produce highly effectve stimult This matenal must be
used cautiously [t is for use as entertainment at parties etc only, by
those expenenced in its use £15/set Ref F/EH2

GRAVITY GENERATOR PLANS This unique plan demonstrates
as/imple electncal phenomena that produces an anti-gravity effect You
can actually build a small mock spaceship out of simple matenats and
without any visible means- cause % 10 levitate £10/set Ret FIGRA1
WORLDS SMALLEST TESLA COIL/LIGHTENING
DISPLAY GLOBE PLANS Produces up to 750,000 volts of
discharge, expenment with extraordinary HV eflects 'Plasma in a jar'
StEImo's fire, Corona, excellent science project or onversation piece
£5/set Ref F/BTCIALGS

COPPER VAPOUR LASER PLANS Produces 100mw of
wisible green hight High coherency and spectral qualty simiac to Argon
laser but easier and less costly to build yet far more efficient This
particular design was developed at the Atormic Energy Commusion of
NEGEV in Israel £10/set Ref F/CVL1

VOICE SCRAMBLER PLANS Minature sohd state system turns
speech sound into indecipherable noise that cannot be understood
without a second matchingunit Use on tefephone to prevent third party
listening and bugging £6/set Ref FAVS9

PULSED TV JOKER PLANS Lttle hand held device utiises
pulse techniques that will completely disrupt TV picture and sound!
works on FM too! DISCRETION ADVISED £8/set Ref F/TJ5
BODYHEAT TELESCOPE PLANS Highly directional tong
range device uses recent technology to detect the presence of Iving
bodies, warm and hot spots, heat leaks efc Intended for secunty, law
enforcement, research and development, etc Excellent securty device
o very nteresting scrence project £8/eet Ret FIBHTY

BURNING, CUTTING CO2 LASER PLANS Projects an
invisible beam of heat capabie of buming and mefting matenats over a
considerable distance This laser s one of the most efficient, converting
10% tput power into useful output Not only ts this device a workhorse
in welding, cutting and heat processing matenals but d 1s also a ikely
candate as an effectve directed energy beam weapon against
missiles arcraft, ground-to-ground, etc Particle beams may very well
utiize alaser of this type to blast a channel inthe atmosphere for a high
energy stream of neutrons or other particies The device is easily
apphicabile to burmng and etching wood, cutting, plastics, textiles etc
£12/set Ref FALCT

DYNAMO FLASHLIGHT Interesting concept nc battenes needed just
squeeze the trigger for instant hight apparently even works under water
1n an emergency atthough we havent tned it yet! £6 99 ref SC152
ULTRASONIC BLASTER PLANS Laboratory source of sone
shock waves Blow holes in metal, produce ‘cold’ steam, atomize
Iiquides Many cleaning uses for PC boards, jewllery, comns small parts
etc £6/set Ref FAULBY

ANT! DOG FORCE FIELD PLANS Hghly eftectve circunt
produces time vanable pulses of accoustical energy that dogs cannot
tolerate £6/set Ref F/DOG2

LASER BOUNCE LISTENER SYSTEM PLANS Aliows you
to hear sounds from a premises without gaining access £12/set Ref F/
LLIsT

PHASOR BLAST WAVE PISTOL SERIES PLANS
Handheld, has farge iransducer and battery capactty with exiernal
controts £6/set Ref F/PSP4

INFINITY TRANSMITTER PLANS Telephone line grabber/
room monntor The uttimate in home/office securty and satety! simple
to usel Call your home or office phone push a secret tone on your
telephone to access either A) On premises sound and voices of B)
Extsting conversation with break-inc y for emergency messages
£7 Ref F/TELEGRAB

BUG DETECTOR PLANS is that someone getting the goods on
you? Easy to construct device locates any hidden source of radio
energy! Sniffs out and finds bugs and other sources of bothersome
merference Detects fow high and UHF frequencies £5/set Ret F/f
801

ELECTROMAGNETIC GUN PLANS Projects a metal object
a considerable distance-requires adult supervision £5 ref F/EML2

ELECTRIC MAN PLANS, SHOCK PEOPLE WITH THE
TOUCH OF YOUR HAND! £5/set Ref F/EMA1
PARABOLIC DISH MICROPHONE PLANS Listen to distant
sounds and voices. open windows, sound sources in *hard to get' or
hostile premises Uses satellite technalogy to gather distant sounds
and focus them to Our ultra sensitive electroncs Plans atso show an
ophional wireless link system £8/set ref F/PMS

2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY
AND HIGH DC VOLTAGE, SOLID STATE TESLA COIL
AND VARIABLE 100,000 VDC OUTPUT GENERATOR
PLANS Operates on 9-12vdc, many possible expenments £10 Ref

'

Vs

COLOUR GCTV
VIDEO
CAMERAS,

BRAND NEW AND. CASED, FROM £99
Works with most modern video's, TV's,
Composite monitors, video grabber cards
etc
Pal, 1v P-P, composite, 750hm, 1/3" CCD, 4mm F2.8,
500x582, 12vdc, mounting bracket, auto shutter,
100x50x180mm, 3 months warranty,1 off price £119
ref XEF150, 10 or more £99 ea 100+ £89

Smallest Integrated Radar - Laser Detector

SUPERWIDEBAND
RADAR DETECTOR
360 deg COVERAGE

Detects both radar and laser, X K superwide KA bands LED signal
sirength display Audio and visual alents, Alen pnortty Rear and front
facing optical waveguides, Tnplecheck verdfication city mede tutonal
mode, dark mode, aux jack: volume control These may be

liegal to use in certain countnes

1172 T4 6"

Superband £149 ref RD2

/",_ : ‘\“\.
/" PLACE YOUR ORDER

VIA OUR WEBSITE AT )
BULL-ELECTRICAL.COM .
‘\_’/l"
BULL ELECTRICAL
250 PORTLAND ROAD, HOVE, SUSSEX
BN3 5QT. (ESTABLISHED 50 YEARS).
1AIL ORDER TERMS: CASH, PO OR CHEQUE

WITH ORDER PLUS £350 P&P PLUS VAT,

24 HOUR SERVICE £5.00 PLUS VAT.
OVERSEAS ORDERS AT COST PLUS £3.5¢
(ACCESS, VISA, SWITCH, AMERICAN EXPRESS)

’phone orders: 01273 203500
FAX 01273 323077
E-mail bull@pavilion.co.uk

HELIOS PNB-2 RUSSIAN
BORDER GUARD
OBSERVATION
BINOCULARS £1799

Intended for the medium o long range obsenvation of air and ground
targets and the determina tion of therr angular co-ordinates These
gant tinoculars are a tnbute Russian ophical ingenutty, with a
performance that simply has to be seen tobe believed Alarge exit pup
diameter of 7 33mm provides exceptional iight passing power, winch
when combined with its high

magnfficatien of x15 allows the user to view over vast distances with
dehghtfully bnght cnsp, high resolution images Robust and abie in
constructionincorporating anuncomplicated yetthoughtfully designed
mechanical layout efisunng ease of operation and quick prectse
targeting These binoculars have a wide variety of applications and are
surtable for use by coastguards law enforcement organwzations, cus
toms, farrhers etc

Specffications

x15 magnffication 110mm objective 6 deg angle of view Field at
100m=105m tocusing 10m-inf, fully coated precrsion ground oplics
orange and neutral fitters, rubber lens caps, rapdtergetting hand grips
padded headrest screw in silica gel cartndges, wooden tnpod
operating temperatures -40 ¢ to +50 ¢ , weight 25kg, {15kg without
tnpod) supphed in wooden carrying case

Border guard binocutars £1799 ref PNB2

TZS4 INFRARED
NIGHT SIGHT

One of our top most seiing night sights ts this Russian TZS4 This sight
enable you 1o see in very low ight levels, or with the aid of the buit in
infra red illuminator- intotal darkness In 1/4 mooniight you woulid spot

a man at 150m, n total darkness at 75m Magndication 2 3x
240x66x190mm 0 9kg, focusing range 1 Sm-infinty, M42 camera
mount Included, runs on 2xAA battertes, 100mm focal length, 8 deg
lluminator divergence S0hrs continuous (no dluminator) 10hrs with
cafryingcase and strap

TZS4 Nightsight £199 ref BAR61
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"Projects and Civcuits

SAFE AND SOUND by Terry de Vaux-Balbirnie 822
Put high priority on your security and foil the villains with our lit-up
bleeper slave!

ACTIVE MICROPHONE by Andy Flind 838
The sensitivity of this easy-to-build circuit will work wonders for your
cassette recorder’s hearing power

CAR IMMOBILISER by Paul Brigham 856
An anti-theft device for which the activator is just an ordinary jack plug
INGENUITY UNLIMITED hosted by Alan Winstanley 866
Model Railway Train Lights; Mechanical Vibration Sensor; Pico Prize Winners
MINI ORGAN by Michael McLoughlin 878

A remarkably simple instrument that, just as remarkably, needs no tuning!

Series and Featuves

NEW TECHNOLOGY UPDATE by lan Poole 828
Battery technology, particularly that for rechargeable alkaline manganese
cells, is developing to meet increasing demands

CIRCUIT SURGERY by Alan Winstanley and lan Bell 831
American Dilemma; More Digital Counter Notes; Giant L.E.D.; Counters
as Timers and Frequency Meters; Teach-in ‘98; Art of Electronics; PICtorials

INTERFACE by Robert Penfold 842
Sound Card MIDI/Games Port; PC upgrading
TEACH-IN ‘98 - An Introduction to Digital Electronics - 2 844

by lan Bell, Rob Miles, Dr Tony Wilkinson, Alan Winstanley
Supporting students and hobbyists in their quest for basic knowledge and
practical experience - this month: capacitors, inductors and diodes

B2SPICE/LOGIC REVIEW by Robert Penfold 860
Reviewing two programs that will assist with-the design and testing of

analogue and digital circuits

ALTERNATIVE AND FUTURE TECHNOLOGIES - 1

by Clive (call me Max) Maxfield 868
Sharing with you an entertaining chapter from one of the most remarkable

books on technology ever published: Bebop to the Boolean Boogie

NET WORK - THE INTERNET PAGE surfed by Alan Winstanley 890
Secure Server on Line; Junk Again!; MSIE 4.0; Latest Links

Regulars and Serovices

EDITORIAL 821
SHOPTALK with David Barrington 826
The essential guide to component buying for EPE projects

INNOVATIONS - Barry Fox highlights technology's leading edge 834
Plus everyday news from the world of electronics

BACK ISSUES Did you miss these? 837
PARTS GALLERY+ ELECTRONIC CIRCUITS AND

COMPONENTS CD-ROM 864
READOUT John Becker addresses general points arising 876
ELECTRONICS VIDEOS Our range of educational videos 884
DIRECT BOOK SERVICE 885
A wide range of technical books available by mail order

PRINTED CIRCUIT BOARD SERVICE 888
PCBs for EPE projects — some at “knockdown’ prices! Plus EPE software
ANNUAL INDEX 1997 891
PULL OUT DATA CHART between pages 852/853
ADVERTISERS INDEX 896

Our January '98 Issue will be published on Friday,
5 December 1997. See page 811 for detalls.

Everyday Practical Electronics, December 1997

Readers Services @ Editorial and Advertisement Departments 821
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Surplus always
‘ 19" RACK CABINETS

Superb quality 6 foot 40U
Virtually New, Ultra Smart

Less than Half Price!
Top quaMty 19° rack cabinets made in UK by
Optima Enclosures Ltd Units feature
designer, acrylic front door.
full height lockabie half louvered back door
and louvered removable side panels. Fully
adjustable mnternal hxing struts, ready
for any conhguration of equipment mountng
plus ready mounted mtegral 12 way 13 amp
socket switched mans distribution strip make
hese racks some of the most versatile we
have ever sold. Racks may be stacked side by side and therelore
require only two side panels lo stand smgly o7 n multiple bays
Overall dimansions are: 77%" H x 32%" D x 22° W. Order as:

OPT Rack 1 Complete with removable side panels. £335.00 (G)

5 reestericriericrice

J, ENEIEITIEIIEN

THE ORIGINAL SURPLUS WONDERLAND!
SPECIAI Bl/y - % OBSOLETE - SHORT SUPPLY - BULK
LIMITED QUANTITY only of these 12Mhz HI GRADE 206 sysiems
B U o i crd S S T2 oy At this price - Don’t miss it!!

Surplus always
wanted for cash! §  74/S MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS
LOW COSTPC's - IC's -TRANSISTORS - DIODES
. 5 - 6,000,000 items EX STOCK
AT 286 e 3 For ’MAJOI; SAVINGS - CALL FOR SEMICONDUCTOR HOTLIST
40Mb HD + 3Mb Ram  “e,

Made in the USA to an industrial specification, the system was One Of.the highes.t speciﬁcation
designed lor total reliabiity. The c monitors you will ever see -
drve & integral 40Mb hard disk drive 10 the front, Real lime clock
bolF i Ao o Ced Keyboura. G40k + b Fats,  Misubishl FAMISETKL 14” SVGA
DOS 4.01 and 90 DAY Full Guarantee. Ready o Aun ! s
Order as HIGRADE 286 ONLY 5129. o0 (€)
1.4Mb 3%* floppy disk dx&A(:lst;od ik Mb)
Wordpertect 6.0 for Dos - when 3%° FDD option ordered

£29.00
£19.95

£22.50 g e OPT i
NE2000 Ethernet (ihick. thin or twisted) network card_ €29.00 | | - suppled in EXCEL. =N RECUN ben a0 ¥ £225 00(6)
LOW COST 486DX-33 SYSTEM oo Only £119 ¢ 0%, | 32U - High Quality - All steel RakCab]
Limited quantity of this 2nd user, supurb small size deskiop unit. VGA cable for IBM PC included. Made by E E Ld to high spec,
Fully featured with simm ¢ 30 & 72 pin. Supphed Extemal cables for other types of computers CALL rack features all stesl construction with removable _
with ki rd, 4 Mo of RAM, SVGA monitor output, 256k cache and side, front and back doors. Front and back doors are .55

integral 120 Mb IDE drive with single 1.44 Mb 3.5" floppy disk drive.
Fulty tested and . Fully exp Only
Many other options avaiable - call for detalls. £399.00 )

FLOPPY DISK DRIVES 32" - 8"

As New - Used on film set for 1 week only!! hinged for sasy 83 8nd all are lockable with
i five 5 lever berrel locks. The front door

157 0.28 SVGA 1024 x 768 res. col s,
Swivel & tilt etc. Full 90 day guarantee. £145.00 (E) | is construcied of double walled steei with a %
‘dest style’ ked acrylic front panel to |

Just In - Microvitec 20° VGA (800 x 600 res.) colour monitors.  enable siatus indicators

Good SH condition - from £299 - CALL. for Info panel, yet remain unoblrusive. Internaly the rack
5%" or 3%" from only £18.951 riaues Hcs3s (sane siie a3 CW8s3) atractively SYed 1 mambers 10, teke the hasvieat or ar ron
portrplionnll sty Dastiny oo oroest Al o {unless KNz video inputs via SCART socket and separats phono jacks. {oxiras availabie) are e
stated) are BRAND NEW of rsmoved from often brand new equip- '118972! audio power Sl audio visusl Uses. Caoe'ts" A maine AebUtlon panel Sowar

Ami m:wAun ea'oé ideal for alt
" computers. al al
ment and are fully tested, aligned and shipped to o ications with direct '

ly mounted 10 the bottom rear, provides 8 x IEC 3 {{

§ Will connect direct to
You wih 090381 video /

uarantee and operate from standard of 4 > : pin Euro sockets and 1 x 13 amp 3 pin switched .

J0 All are BALPC petible (i 3%* supported on your PC). o wr Comeres! “P‘\%ﬂ" e many lealurss such 83 yjjity socket. Overall ventilation is provided by

3%° Panssonic JU363/4 720K or equivalent RFE E295B) oo comduan o teaa S MR Correction button efc. Good fuby louvered back door and double skinned top section

3%° Mitsublahi ME355C-L. 1.4 Meg. Laplops only £25.95(p) (3o condition - full lesied - et Only £95 #h 1op and side louvres. The top panel may be removed for fitting
. Non £18.95(8 x = . € of Integral fans to the sub plate etc. Other features inciude: fitted

5%" Teac FD-55GFR 1.2 Meg (for | Mpc‘s)RgE nwe; PHILIPS HCS31 Unra compact 9" colour video monitor with stan- Castors and fioor levelers, d utiity panel at lower rear for

5%" Teac FO-55F-03-U 40/80 (for BBC's o) RFE  £29.95(B) derd 15.625 Kha video input via SCART socket. Ideal Cable / connector access etc. Supplied in excellent, slightly used

5% BRAND NEW Mitsubishi MF5018 360K £22.95(8) for all monitoring / security applications. High quality, ex-equipment Ccondition with keys. Colour Royal blue. Externai dimensions

Table top case with integral PSU for HH 5%- Flopp or HD £29.95(B) fully tesied & guaranteed (possible minor screen bums). In atirac- MM=1625H x 6350 x 605 W. (64" Hx 25" D x 23%" W)

3" Shugert 800/801 rhgs refurbished & tested 95.0 tive square black plastic case measuring W10" x H10" x 13%° D.  Sold at LESS than a third of makers price !

::smmnoe'ssnn Brand New 240 V AC mains powered. °n|y £79.00 ©

v
Vitsubishi M2896-83-02U
Jual 8° cased drives i

ply 2 Md
HARD DISK DRIVES

End of line purchase scoop! Brand new NEC D2248 8° 85 Mbyte
Yive with industry standard SMD Interface, r
ivalent model. Full I. Only

3%° FUJI FK-309-26 20mb MFM UF RFE

3%° CONNER CP3024 20 mb IDE UF (or equiv
3%" CONNER CP3044 40mb 1DE UF (or equiv.)RFE
3%° RODIME RO3057S 45mb SCSI
3%” WESTERN DIGITAL 850mb IDE UF Brand New  £185.
3%° MINISCRIBE 3425 20mb MFM Ilwor oquiv.) RFE  £49.!
3%° SEAGATE ST-238R 30 mb RLL F Refurb £69.
3%’ CDC 94205-51 40mb HH MFM UF RFE tested
3%4° HP 97548 850 Mb SCS) RFE tested

3%* HP C3010 2 e SCSI
3 FUJITSU M2

Converts your colour monitor

‘he TELEBOX is an aftractive fully

aining all electronics ready 1o pl
‘1(‘)‘0’:“ makers such u%lc

ion of
lon receivers® (TELEBOX MB).

anel attow reception of 8 fully tuneable

hannels. TELEBOX MB covers
'V operstors. A composite video

851 8* double sided refurbished & tested
M2894-63 8° double sided NEW
l'DﬁsﬁnH\.NEWz

differential
K 160Mb SMD IF RFE tested

£195.
1ard disc controllers for MFM , IDE, SCSI, RLL etc. from £16.95

THE AMAZING TELEBOX

KME 10° 15M10009 high definition colour monitors with 0.28° dot
pitch. Superb clarity and modern styling. .

Operates fiom any 15.625 khz sync RGB video
source, with RGB analog and composite sync
such as A'"si'sg".'!""“w. Amiga, Acorn

; .M only 13%° x 12° x ¥
11°. Good used condion. Only £125 (g)

D

eplaces
£299.00 or 2 for

A superb buy atonly £195.00 ©)
Over 1000 racks - 19" 22" & 24" wide
3 1o 44 U high. Available from stock !!
Call with your requirements.

 TOUCH SCREEN SYSTEM

,:s:o (E)c 20" 22" and 26" AV SPECIALS The ukimate in “Touch Screen Technology’ made by the experts -
FE £59.95(C) S made UK it PIL all solid state colour monitors, MicroTouch - but sold at a price below cost 1! System consists of
£69.00(C) Complete with comp & optionsl sound input. Attractive @ fiat = glass lami pan;lcem',&..ﬁx?s.san
¥ Pertect for Schools, Shops, Disco, an 5 controlier produces
) O 0l LI ENT e copey oot gach it ol 95 ay guaraian oI o etandard serisl RE233 0TI St W continuously gives
C = n A simple serial data containing positional X & Y co-ordinates as to
C, 20"....£135 22"....£1 55 26 £185 (3] whuo"; finger is mm&m; panel - as n: finger n'\ovos. the c:::

instan i nformation is given at an incredil
e S SPECIAL INTEREST’ EMS matrix resol of 1024 x 1mpot'¢izllswumg_omil_oscrnn
RFE tested  £195.00(C) 5 . size ! A host of ) N softwa . con-
£) MITS. & FAJM4SETKL 14° industrial spec SVGA monitors  £245 nection to & PC for a myriad of applications : control pan-

ZXW 10 400 kW - 400 Hz 3 - @X hock EPOA qis, iNnting devi di

base unit driver £950

S 20 port lobe modules £750

panel 8228-23-5050N £95

into a QUALITY COLOUR TVt w:-H éwa liIEoEE EPSO?:
21022 GHz s atpr £6500

TV SOUND & oop gener £3750

VIDEO TUNER "'HWMA Psn&gmulu & HP3702A Error Detector  EPOA

CABLE COMPATIBLE * HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts  £1800

HP3081A Industri c\w B, P £175

SWipe reader
Rack mount variable 0-20V @ 20A metered PSU

ins powered £675

e s pawered U 00N 1PSA121A DC 1o 22 GHz four Channe! 10st 501 £POA

RO' C, ATARL, SANYO, SONY. HP7580A A1 8 pen HPGL high speed drum plotter £1850

: . * EG4G B 95035C Precision lock in amp £650

RE. PHILIPS, TATUNG, AMSTRAD etc. The ol LAmD om (ceso

eoelae ol S Uing Dynamics kW p bie vibration test s £POA

Pugmmmmm“m controlled 1056 x 560 mm X Y table & controler £1425

‘off air' UHF colour television x.m.!soocvm/ £POA

virtually all television frequencies Recs! dual 40 channel voice recorder system £3750

I and UHF including the HYPERBAND as used by moet cable F188rs $5KVA 3 ph On Line UPS - Now batts Dec. 1995 o
is located on the rear panel g System

X difect Connection to most makes

ideo systems. For

ut sound - an integral 4 watt audio amplifier and low level Hi Fi
L standard

ucho OUtPAR are provided as
ELEBOX ST for composite vi

video

ELEBOX STL as ST but fitted with integral speaker

ELEBOX M8 Mukiband VHFNHF&-%M

of overseas PAL versions state 5.5 or 6

“or cable / hyperband reception Telebox MB should be
code ¥

DC POWER SUPPLIES

Virtually every type of power
supply you can
0,000 Power Sup

Call for in

) & cabie type service

pping

1

Issue

13

g

Mann Tally MT645 Hi ine print
Intel SBC 486/133SE MuRibus 486 sysiem. 8Mb Ram
Zeta 3220-05 AQ 4 pen HPGL fast drum piotters
-11 (Ephiphot) exposure control unit £1450
Motorola VME Bus Boards & Components List. SAE / CALL £POA
Trio 0-18 vic kinear, metered 30 amp bench PSU. New
M3041R 600 LPM band printer

monitor or desktop
Wity - even for monitors with-

£38.95

£39.50

tuner  £69.95
2 sound specification.
connecied

input type monitors

on eleboxe's is (B

System Video 1152 P
Test Lab - 2 mir square quieti £300
Kenwood 9601 PAL Vect

magine.Over
scope - NEW £650
Please call for fun‘;'nr detsils on the above items

lies Ex Stock
o/ list.

s P L ¥ -a
computer un-trained etc etc. imagine using your finger with
“Windows', i d-mll(-drwis'rmod_.-vg‘ 1} The

LOW COST RAM & CPU'S

INTEL 'ABOVE' Memory Ex
and PC-AT compatible card
Card is fully seb for Expanded or
and above) memory. mnmmmamuﬁ&c RFE
mmmmmmm AT 9.95(A1)
length memory upgrade cards expands

i " als0 be used to fill

n i ith data.
2k £39.95 (A1)
L £16.50 (A1)

1 [ . .95 (A1

pansion Boerd. Full length PC-XT
with 2 Mbytes of memory on board.
E 500

FULL RANGE OF CO-PROCESSOR'S EX STOCK - CALL FOR €%

(I35 FANS & BLOWERS

EPSON DO412 40x40x20 mm 12v DC £7.95 10/ £65
A PAPST TYPE 612 60x60x25 mm 12v DC £8.95 10/ £75
MITSUBISHI MMF-D8D12DL 60x60x25 mm 12v DC £4.95 10 / £42
MITSUBISHI MMF-08C 12DM 80xB0x25 mm 12v DC £5.25 10 / £49
MMF-09812DH 92x32x25 mm 12v DC  £5.95 10/ £53
PANCAKE 12-3.5 92x92x18 mm 12v OC £7.95 10/ £69
EX-EQUIP AC tans. ALL TESTED 120 x 120 x 38 mm specy 110
Of240 v £6.95. 80 x 80 x 38 mm - 1100r240 v £5.95
IMHOF B28 1900 rack mnt 3U x 19° 110/240v NEW £79.95

Shipping on all fans (A) Blowers (B). 50,000 Fans Ex Stock CALL

of Display News now avdilable - send large SAE - PACKED with bargains!

Open Mon-Fri 9.00-5:30
Dept PE. 32 Biggin Way
Upper Norwood
LONDON SE19 3XF

Unwerstios and Local Authories - minimum account
m%o.mso. (D)=€12.00, (E)e€15.00, (Flaf'1

Condilions of Sale and uniess stated guaranteed for 90 days. Al
noboe. Orders sutyect 10 stock. Discounts for volume. Tap CASH prices pai

The Original
REE On line

nfo on 20,000 + stock kems!

RETURNING SOON !

ALL ® ENQUIRIES

181679 4414

FAX 0181679 1927

atabase

orders accepted rom
shipping -. mwmm s supplied 10 our
mawnnmum.umwnm without prios
for surphus goods Al trademarks etc adaowledged. © Display ics 1996. E& O E. 066



NEXT MONTH
GIANT PIC DATA CHART

Another free data chart. Next month we cover PICs with pinouts, family short form data,

instruction set, block diagram, source addresses, etc.

VIRTUAL SCOPE

Dramatically improve your workshop facilities with
this highly versatile PC-controlled dual-trace
oscilloscope simulator.

Two 8-bit analogue channels; two 8-bit digital
channels; runs at 1T0MHz; masses of functions and
facilities too numerous to list; everything controlled
via the screen and mouse — NO controls on the
interface! Outputs data to screen, disk and printer —
permanent records of your waveforms!

Basic computer requirements: PC-compatible from
386 to Pentium upwards; min. 100Kb free memory;
MS-DOS 3.1 or later; EGA, VGA or better colour
screen; a PS/2 2-button mouse driver; QuickBASIC
or QBasic installed; parallel printer port; runs entirely
under DOS (Windows not needed).

Try before you buy — a 3-5-inch demo disk of the
software will be available!

It's impressive - don’t miss it!

SIMPLE MW RADIO

Most beginners to electronics build a radio. Here's
your chance to achieve that magical result — sound
out of nowhere!

The cost of ready-made radio sets is so low these
days that at first there seems to be little point in
building your own. On the other hand, a simple
broadcast receiver has traditionally been a popular
starting point for the electronics hobbyist, and it
remains an interesting and useful project for
beginners.

This very simple circuit is a tuned radio frequency
(L.r.f) type which is based on a single integrated
circuit that is designed specifically for this function.
Although only a handful of components are used, the
level of performance is quite good, and a number of
stations can be received at good volume.
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DISCO LIGHTS FLASHER

A brilliant way to liven up the party! No disco would be
complete without at least one set of flashing lights.
The commercial variety, although rich in special
effects, tend to be very expensive. Even hiring them
for one evening can prove prohibitively costly. This
circuit is a much cheaper and simpler alternative
which will make it ideal for parties at home and similar
Situations.

The circuit is designed to flash five mains bulbs in
various ways: The first mode is “random” whereby
the lamps flash in any order. The second is
“sequential” where they operate in a fixed pattern.
The third is “automatic’ and here the bulbs alternate
between periods of random and sequential operation.
You can also set the rate at which the bulbs operate
and the timing of random and sequential operation
when “automatic” is selected.

NO ONE DOES IT BETTER

IZ1I] ALTERNATIVE AND FUTURE
TECHNOLOGIES - 2
IZ1’S] ALL THE REGULAR FEATURES

EVERYDAY |
PRAGTIGAL

ELEGTRONICS
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DON’T MISS AN ISSUE -
PLACE YOUR ORDER NOW!

JANUARY ISSUE ON SALE
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£1 BARGAIN PACKS
- List 4

One item only per pack uniess otherwise stated.
See last month for Nos 1, 2 and 3 and next
month for No 5.

IN-HANDLE MAINS ON/OFF SWITCHES, sometmes known
as pistol grip swilches, pack of 2, Order Ref: 839

SA DOUBLE-POLE CHANGEOVER TOGGLE SWITCHES,
ideal reversing DC motors, eic., pack of 2. Order Ref: 841

3M 2-CORE CURLY LEAD, 5A, Order Ref. 846

1M 3-CORE CURLY LEAD, 13A, Order Ref: 847

AC SHADED-POLE MAINS MOTOR with base fixing plate
Order Ref: 848.

4" PLASTIC DIAL, s flatted 4" spindle, transparent so dial
can be undemeath. pack of 2, Order Rel. 851

2,500 wF 12V CAPACITORS, pack of 5. Order Ref. 853
DELAY SWITCH on B7G base, Order Ref: 854

3 CHANGEOVER RELAY, 6V AC or 3V DC, 3 changeover
contacts, Order Ref: 859.

NORMALLY ON, V3 MICROSWITCH, pack of 4, Order Ref:
862.

HIVAC NUMICATOR TUBE, Hivac ref XN3, Order Ret: 865.
DITTO but reference XN11, Order Ref: 866.

SUB MIN NORMALLY OFF MICROSWITCH, pack of 4, Order
Ref. 867

SUB MIN CHANGEOVER MICROSWITCH, pack of 3, Order
Rel: 868,

EX-GPO TELEPHONE DIAL, rotary type. Order Ref: 904.
QUARTZ LINEAR HEATING TUBES, 360W but 110V so
would have 1o be joined in series, pack of 2, Order Rel: 907.
2" ROUND LOUDSPEAKERS, 50 ohm coi, pack of 2, Order
Ref: 908.

EDGE TYPE PUSH SWITCHES, BCD system, pack of 2, Or-
der Ref: 915.

10M 4-CORE FLEX,
Ref:918.

OLD TYPE KETTLE ELEMENT, 2-pin plug, Order Ref: 925
6V 24W HEADLAMP BULB, nomal BC plug in cap., Order
Ref: 928.

40 LAMP UNIT to make a tigure or letter display, Order Ret:
930

itable for telep 1. Order

10K HORIZONTAL PRESET RESISTORS, pack of 10, Order
Ret: 931.

1M 84-WAY RIBBON CABLE, Order Ref: 932.

MAINS PSU, 15V 320mA AC, Order Ref: 934.

15V +15V 1.5VA POTTED PCB MAINS TRANSFORMER,
Order Ref: 937.

16 OHM 3" SPEAKERS, pack of 2, Order Ref- 962

MAINS RELAY with 15A changeover contacts, Order Ret:
965.

IN-LINE FUSEHOLDERS, take 20mm fuse, just cul the flex
and insent, pack of 4, Order Ref: 969

OBLONG PANEL MOUNTING NEONS, pack of 4, Order Ref
970.

COPPER CLAD PANELS, size 7" x 4", pack of 2, Order Ref:
973

STANDARD SIZED AUDIO PLUG adapled to take two 3mm
plugs, Order Ref: 974.

3-5MM JACK PLUGS, pack of 10, Order Ref: 975

DRILL CONTROL CASE, ready punched and with controf
logos, Order Ref: 979.

8uF 350V ELECTROLYTICS, pack of 2. Order Ref- 987
SCREW-IN NEON BULBS, pack of 4, Order Ref: 990.

VERY SMALL SLIDE SWITCH, pack of 4. Order Ref 992
50uF + 50, F 350V WORKING ELECTROLYTICS, pack of 2
Order Ret: 994.

8700uF 7V WORKING ELECTROLYTIC, Order Rel- 996

1 MEG PRESET POTS, pack of 4, Order Ret. 998

WHITE PROJECT BOX, 78mm x 115mm x 35mm, Order Ret
1006.

SLIDELOCK 1SA FUSES, panel mounting, pack of 3. Order
Ref: 1011

6V SOLENOIDS, good length pull, pack of 2, Order Ref 1012.
RELAY WITH 3 SETS OF CHANGEOVER 8A CONTACTS,
24V AC or 12V DC, 3 sets 8A changeover contacts. Order Ref:
1016.

WHITE TOGGLE SWITCH, push-in sprning retain type, pack of
4, Order Ref: 1019.

2M MAINS LEADS, 2-core. black outer. pack of 4, Order Ref.
1020.

2M MAINS LEADS, 3-core, black outer, pack of 3. Order Re!
1021,

FERRITE SLAB AERIAL with coits, pack of 2. Order Ref.
1027

12V DC POLARISED RELAY, 2 changeover contacts, Order
Ret. 1032.

12In. x 12in. PAXOLIN PANEL, medium thickness. Order Ref"
1033.

TUNING CAPS, sold DIA, for LW and MW, pack ol 2, Order
Ref: 37

TRIMMER CAPS, screw down lype, 10 assorted, Order Ref:

38.

IF TRANSFORMERS, 465kHz. pack of 4, Order Ret. 40
SOCKETS for stnpboard, make your own IC holders. pack of
10, Order Ref" 54

6'%" 4 OHM SPEAKER, Order Ref. 137

100K STEREO POTS, pack of 4, Order Ret" 143.

FUSE HOLDERS, chassis mounting for 20mm fuses. pack ot
5, Order Ref: 144,

SOCKET COVERS, child protectors for twin 13A sockets,
pack of 4. Order Ref* 149.

DITTO but for single 13A sockels. pack of 4, Order Ref 150.
POT CORES, circular, femte, 54mm x 18mm, pack of 2 pairs.
Order Ref: 156.

AIR SPACED TUNER, 20pF with %" spindle. Order Ret- 182
METAL BOX, slightly sloping, 8x3x4, 1 only, Order Ret 209
TELEPHONE LEADS, 5.core curly reintorced telephone
ieads, pack of 2, Order Ret. 213.

STEREO PRE-AMP, Mullard 9001, 1 only, Order Ret: 216.
PUSH-ON TAGS for %" spades. pack of 100, Order Ret: 217
DITTO but right-angled. pack of 100. Order Ret: 218

CAMCHARGER
CAMCORDER BATTERY
QUICK CHARGER (WITH

RECONDITIONER & TESTER)

Brand new and boxed. Normal prce £35, yours for £15,
Order Ref: 15P73

TOROIDAL MAINS
TRANSFORMERS

All with 2207240V primary winding.
0-30V+0-30V at 120VA. would
give you 30V at 4A or 60V at
2A, price £8, Order 8PE2. Order
Ret: 8PG2. 0-110V + 0-110V at
120VA would give you 110V at just
over 8A or 220V at 1/2A, price £8,
Order Ret: 8PG3. 0-35V + 0-35V
at 150VA would give you 35V at 4A or 70V at 2A. Price
£8. Oder Ref: 8PG9. 0-35V + 0-35V at 220VA would
give you 35V at 6%A or 70V at 3%A, price £9, Order Ref:
9PG4. 0-110V + 0-110V at 220VA would give you 110V
at 2A or 220V at 1A, price £10, Order Ref- 10PG5. 0-45V
+ 0-45V at 500VA would give you 45V at 11A or S0V at
5%A, price £20, Order Ref: 20PG7. 0-110 + 0-110V at
500VA would give you 110V at 5A or 220V at nearly 3A,
price £25, Order Ref: 25PG7

SUPER WOOFERS. A 10" 4ohm with a power rating of
250W music and normal 150W. Normal selling price for
this is £55 + VAT, you can buy at £29 including VAT and
carriage. Order Ref: 29P7. The second one is a 8” 4ohm,
200W music, 100W normal. Again by Challenger, price
£18, Order Ref: 18P9

Deduct 10% from these prices
if you order in pairs or can
collect These are all brand
new in maker's packing

SOLDERING IRON. bx >
Super mains powered with long life ceramic element,
heavy duty 40W for that extra special job. Complete with
plated wire stand and 245mm leads. £3, Order Ref:
3P221

YOU SAVE £40

THE JAP MADE 12V

12A-SEALED BATTERY

from regular suppliers

costs £50, you can have N

one from us for only £10 5% YUASA

including VAT of you
collect or £12 # we have |
to send. Being sealed 1t
can be used in any
position and 1s maintenance free. All in tip top condiion
and fully guaranteed, Order Ref: 12P32. Or #f you want a
smaller one we have 12V 2.3AH. regular price £14, yours
for only £3.50, Order Ref 3.5P11

FLASHING BEACON. Uses an XENON tube and
has amber-coloured dome wilh separate bracket, 12V
operated. Price only £5, Order Ref: 5P.267.

HIGH RESOLUTION MONITOR. 9° by Philips, in metal
frame for easy mounting. Brand new, offered at less than
the price of the tube alone, £15, Order Ref: 15P1

15W 8" SPEAKER AND 3" TWEETER. Amstrad. made
for their high qualily music centre, £4 per pair, Order Ref:
4P57.

INSULATION TESTER WITH MULTIMETER. internalty
generates voltages which enables you to read insulation
directly in megohms. The multimeter has four ranges,
AC/DC Volts, 3 ranges miliamps, 3 ranges resistance
and 5 amp range. These ntruments are ex-British Tele-
com but in very good condition, tested and guaranteed
OK, probably cost at least £50, yours for only £7.50 with
leads, carrying case £2 extra. Order Ref: 7.5P4

We have some of the above testers but slightly faulty. not
working on all ranges, should be reparrable, we supply.
diagram, £3, Order Ret: 3P176

250W LIGHT DIMMER, Will fit in place of normal wall
switch, only £2 each. Order Ref: 2P380 Note these are
red. blue, green or yellow but will take emulsion to sunt
the colour of your room. Please state colour required
LCD 3%" DIGIT PANEL METER. This 1s a mult-range
voltmeter/ammeter using the A-D converter chip 7106 to
provide five ranges each of voits and amps. Supplied
with full data sheet. Special snip price of £12, Order Ref:
12P19.

MINI BLOW HEATER. 1kW, ideal for under desk or
airing cupboard. etc. Needs only a simple mounting
frame, £5, Order Ref: 5P23

MEDICINE CUPBOARD ALARM. Will warn when cup-
board door is opened. Light makes the bell nng. Neatly
cased, requires only a battery, £3, Order Ref: 3P155.
DON'T LET IT OVERFLOW. Be it bath. sink, cellar,
sump, etc.. this device will tell you when the water has
nsen 10 the pre-set level. Adjustable, neatly cased for
wall mounting. £3, Order Ref: 3P156

DIGITAL THERMOMETER. Suitable for outdoors or in-
doors, has an extra wide temperature range -50° to
+70°C, complete with heavy duty battery which should
last several years. Its sensor can be outside, but with the
read-out inside, £4, Order Ref: 4P104

it

SMART HIGH QUALITY ELECTRONIC KITS

All kits are complete with PCB and other components in a blister
pack. If you want more information about them, we have copies of
the illustrated Smart-catalogue available price £1.

Cat.  Description Price
No. £

1003 5 watt electronic siren 2.53
1005 Touch swilch 2.87
1008 SF tunction generator 6.90
1010 S5-input stereo mixer. with monitor output ~ 19.31
1016 Loudspeaker protection unit 3.22
1017  Linear CB 30W amp 4,70
1020  0-5 min. time switch 4.70
1023 Dynamic headphone preamp 2.50
1025 7 watt hi-fi power amplifier 253
1026  Runming lights 4.60
1027  NiCad battery charger 3.9
1030 Light dimmer 2.53
1032 Stereo tone control 3.55
1035 Space sound effects 2.30
1039  Stereo VU meter 4.60
1042  AF generator 250Hz-16kH2 1.70
1043  Loudness stereo unit 3.22
1047  Sound switch 5.29
1048  Electronic thermostat 3.68
1050  3-input hi-fi stereo preamplitier 12.42
1052  3-input mono mixer 6.21
1053  Elecironic metronome 3.22
1054  4-inpul instrument mixer 2.76
1056 8V-20V 8A stabilised power supply 12.42
1057 Cassetle head preamplitier 3.22
1059 Telephone amplitier 4.60
1060  + 40V 8A power supply 8.28
1061 12V 1 2A stabilised power supply 3.36
1062 5V 0-5A stabiised supply for TTL 2.30
1063 12V 2A power supply 2.30
1064  + 12V 0.5A stabilised supply 3.22
1067 Stereo VU meter with leads 9.20
1068 18V 0'5A stabiised power supply 2.53
1070  Hi-Fi preamplifier 7.47
1085 D.C. converter: 12V to 6V or 7.5V or 8V 2.53
1086 Music-to-light for your car 4.60
1089 L.E.D. flasher/555 tester 1.61

Price

Cat.  Description

No. £
1090 Stress meter 3.22
1093  Windscreen wiper controller 3.68
1094 Home alarm system 12.42
1095 Lead acwd battery charger 3.45
1100 2 x 18 watt integrated amplifier 18.39
1101 Dollar tester 4.70
1103 L.E.D. power meter 184
1106 Thermometer with l.e.d.s 6.90
1107  Electronics 1o help win the pools 3.68
1112 Loudspeaker protection with delay 4.60
1113 2 x 18 watt power amplifier 5.98
1115 Courtesy light delay 2.07
1118  Time switch, with tnac, 0-10 mins 4.14
1119 Telephone line recording device 5.25
1123 Morse code generator 1.84
1124  Electronic bell 2.76
1125 Telephone lock 2.68
1126 Microphone preamplfier 4.60
1127 Microphone tone control 4.60
1128a Power flasher 12V d.c. 253
1133 Stereo sound-to-light 5.26

TERMS
Send cash, PO, cheque or quote credit card number
— orders under £25 add £3.50 service charge.

J & N FACTORS

Pilgrim Works (Dept. E.E.)

Stairbridge Lane, Bolney,
Sussex RH17 5PA

Telephone: 01444 881965
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If you are looking for an easy and enjoyable way of studying or
improving your knowledge of electronics then this is the software for you.
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28 The popular Electronics Principles 3.0 £49 95" B l
| & F %‘y ‘ f [
u Ao ﬂ UMOC & dc circut fhe()fy Ohrris iaw, voﬁoge 2 |
-cu Pho = ' dﬁemaﬂng voltages and curents, RCL seres and paralie! ‘
nce and impedance. Active devices - diodes, bi-polar and field
" ‘ OP-Amps. Logic gates, counters, shift registers and S
ﬂ‘ury bctc'lc: dhe numbe\conversnons ,
. |  are r&& three huhdréd analogue and digital main topics, all with fully
ive graphics in colour, with supporting caiculations that refiect your inputs
~along with notes to explaineach topic. o1

o Al lnpufs & 6u1‘puts use electonics symbols. f |
® Hundreds of electronics formulae availabie for circuit nvestigation.

® |deal for students and hobbyists who requlre a quick and easy way to get to
grips with a particular point.

® Explore the subject as the interactive graphics are redrawn showing phase P

angles, voltage and current levels or iogic states for your chosen component AR ¢ 4700« 2500« ‘ |

Liegree ,

values. R
® Generate hard copies of graphics, text and calculations. N no
Toral A s
Schools and Colleges. WA i SRS
Afully interactive ‘electronics textbook' on the screen. 424K58E U4+ & SH1E4L « B Bh
OHP slides and student handouts within minutes. V1 I46S6E U7 e 3404 47 46520

Multi-user network version available.

EPT Educational Software. Pump House, Lockram Lane, Witham, Essex. UK. CM8 2BJ.
Tel/Fax: 01376 514008. e-mail sales@eptsoft.demon.co.uk * UK & EC countries add £2 per order for

post & packing. VAT should be added to the total. Outside Europe £3.50 for air mail postage by return.
Switch, Delta, Visa and Mastercard orders accepted - please give card number and expiry date.
Cheques & Postal Orders should be made payable to EPT Educational software.
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HOW DOES YOUR EQUIPMENT MEASURE UP? AT STEWART OF

READING THERE’S ALWAYS ‘SCOPE’ FOR IMPROVEMENT!

e LOOK!!! NEW AND HARDLY USED
BRAND NEW OSCILLOSCOPES -
NEVER USED. LIMITED STOCK

MARCONI 2019A syn AMFM sgnal gen 80KH2-1040MHz £1800
MARCOM 2019 syn AMFM sgnal gen B0KHZ-1040MHz  £1500
MARCONI 2018 syn AMFM sagrial gen 80KHz-5200H2  £800
MARCONI 2017 AWFM signal gen 10KMZ-1028MHz  £1750

pAmsouia VPBITIA mmw for. 100KHZ-
100MHz 100KHz. output 1 60%, 32
PHILIPS PM3217 (This 1s & Proper Scopel wmdwalmay"z:qwaw pa i

Dual Trace 5044z detay sweep. ingl. 2 prabes £400 Unused £750
PANASONIC VP7637A steveo sqw genevato' generates broad

cast FM-RDS ARI preset memory GPI
Used £400 l)tlsed £700

B DMS 3850A diglal siorageDMM handheid LCD desplay. 2
FARNELL SSG520 syn Am Fm signal gen 10-5200Hz £325 charmet S0Ms's. auto range 4-digd DM cagackance frequency
FARNELL PSG520 syn AM/FM sig gen 10-520MH: portable £450  counder battery g of extemal 759V d¢ 1e AC adapior

(not suppeed) comes N black camyng complete ] NWGCOD f
WW IMZOGNz £4500  with 2 scope probes DMM leads manual mlvwo - :.Em, <)'0';JL:0‘£10-A10‘:’CE Iryee;
KHZF1SKHZ  rms averagepeak
HP 8656A syn w\ol wexghted fiters. Ogital cesplay of
HP 86408 %mmz’m 401 counter (0 QTkHz
HP B640A AMFM signal gen -1024 MHz $-999KH2/0-01 KH2-55K!

HC3502 Dual trace 20MHz S5mV-20V/Dw; 0-2u secs- 0-5 secdv  PHILIPS PA5193 programrmablle syn func gen
X-Y, X5 magreher, TV sync etc. Hardly used €150 Unused £200  0-1MHz-SOMHz
PHIULPS PM5192 programmabie syn func gen
THE CLASSIC TEKTRONIX 400 SERIES O-10Hz-20MH2

Used £400 Unused £500

POWER SUPPLY Model HSP3010
030V 0-10A cutet bmang 2

- T HP 33254 gen 21Nz
e o e R puupspmmmeomomwowm RS e
' ismsmmmgmomzm
sna/sahom - wy|
¥ .,
s =4t
466 Analogue dusl irace 100MH? delay. £395 2 .
475 Dual race 2004z delay swoep £500  CLASSIC AVOS MG i case wih bateoes andeacs 50 DTA 204060 0l race with a1 maguicaton TVIG o 8 g5 omes semscee s o eer 10V 300V
485 Dual trace 100MH; delay sweep £400  FLUKE 77 DNM 3% bt wnth carryng case and leads £60 T fots of specrhication o Used £100 Unused £125
FLUKE PMO0B2 242 100MHz delay TB cursors £1200 race 20AHz GOODWILL GAG-808G audiy generalor Sne square 10Hz-1MHZ
RACAL COUNTERS DTAL dua raCe 40MH2-12KV EHT £00 .
‘PSIEPE“E:Q“ ¥race 400MHz dual TB delay 750 9918 10H2-560MHz €125 DTAGO Gual race 6OMH2. 128V EHT 75 n5 ranges. 0-1% low aisioron Ssxcego\wmma
EKTWXZWAMWMW« £2500 9816 10HZ-5200Hz €150 Al unused and wnwmzmmw
TEKTRONIX TAS455 dual trace 100MHz detay crsors 9904 OC-50MHz £60 F"':" GOODWILL GFC 80106 fre
¥
T%}RONIXTI%MOMM!O&& RET WLI? 13GHz GPIB gsg 5 ;uency counter  (ange ‘%
TEKTRONIX 2215 cual Trace 60MHz detay swoeo £ag0 FACAL 1991 countertrmer 160MHZ  £450 1% el (™S sonsty
mm%’zncnmumm gg RACAL1990 counter 120MHz £300 2 Unused £75
GOULD OS1100 dual trace J0MHz u&?mm )] o ARTRON 15110\ A : ' " ANALOGUE MULTIMETER Model HC260TF. ACDC voiis, DC
O T e erert 200 SOLARTRON 7150 DM 6% DTV 100 3-chamel 100MHz sweep delay eic (7 g LI 2, LA b R
PROPERLY e 1 3 Dy S el o Sweer oS, s D75 STEREO AUDO BALANCE lo UNBALANCED CONVERTOR
Al urwsed boxed wih 2 probes and Manual g TR o e
STEWART °f READING Used Equipment - GUARANTEED. Manuals supplied
m 110 WYKEHAM ROAD, READING, BERKS. RG6 1PL E Tris is a VERY SMALL SAMPLE OF STOCK. SAE of telephone for Isis, Please check availabilty
Telephone: (0118) 9268041, Fax: (0118) 9351696 beforelordaing!
Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement) CARRIAGE all units £16. VAT 10 be added to Total of Goods and Camage
9

are proud to announce our new S QUIRE S

“Voice Command Module” MODEL AND CRAFT TOOLS

Based on the Sensory Devices RSC neural network . o

speech recognition processor. 20 individual digital A comprehensive range of miniature hand and
word ID outputs on IDC header. Each output with an power tools featured in a fully illustrated

‘on’ word and ‘off’ word giving you up to 99% .

speaker dependent recognition. Simply train the 144 page Mail Order Catalogue

module with up to 40 words.

RS232 identification output of recognised word,
word lists are stored in non-volatile memory. ew ssue |
Automatic gain control on microphone Jack £60
input. Runs off 9-12volt dc supply via HI38A

2.1mm plug SAME DAY DESPATCH
Pic Programmer: Components - PICs FREE POST & PACKING

H137A £25 Programs|12C508/JW £13.50, 12C508-
PIC 16C71, PIC 16C84|04/P £2.30 12C509/JW £15,
and the new 8 pin PIC|12C509-04/P £2.70, 16C71/ For your free copy of our catalogue
12C508 and PIC 12C509. |IW_£25, 16C71-04/P £6.99, write, telephone or fax to:

16C84-04/P £6.
Connects to arallel .
port. Kit KI37R £24 Squires, The Old Corn Store,

We also have available a full

ECO (C:ompa;]ieb|e SOftwl?erg range of PC 1/0 cards and acces- Chessels Farm, Hoe Lane,
LO.C. wheén  supph ies. Call for details. q
with programmer. PPUEC | sores. Call for details Bognor Regis, West Sussex

EUROCARD P022 8NW

ALL Prices INCLUSIVE of vat and delivery (UK) Only) Same day despatch.

151, The Exchange Building, Mount Stuart Square, Cardiff, CF1 6EB Tel/Fax. 01243 587009 =

Tel (01222) 458417 Fax (01222) 625797 http:\www.vsitec.demon.co.uk.
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16C8 CATALOEUE OUY oW
= GREENWELD

Greenweld has been established for 23 years specialising in buying and selling surplus job lots of
Electronic Components and Finished Goods. We also keep a wide range of new stock regular lines.
Why not request our 1998 Catalogue and latest Supplement - both absolutely FREE!

BECOME A BARGAIN LIST SUBSCRIBER TO SEE WHAT'S

ON OFFER BEFORE IT'S ADVERTISED GENERALLY

Standard Bargain List Subscription

For st £600 a year UK/BFPO (£1000 overseas). we'll send you The Greenweld Guardian every month With this
newsletter comes our latest Bargain List gwving detalls of new surplus products avallable and detalls of new lines
being stocked Each issue i1s supphed with a personalised Order Form and detalls of exclusive offers avalable to
Subscribers only

Gold Bargain List Subscription

For st £1200 a year (£20.00 overseas) the GOLD Subscriber category offers the following advantages

0O The Greenweld Guardian and latest Bargain List every month, together with any brochures or fliers from our
suppliers

O A REDUCED POSTAGE RATE of £1.50 (normally £300) for all orders (UK only) and a reply paid envelope

0O 5% DISCOUNT on all regular Catalogue and Bargain List items on orders over £20 00

So Don’t Miss Out - Subscribe Today!

BZ7D Park Road - Southampton - S015 3UQ
—TELEPHONE 01703 236363 FAX: 01703 236307

INTERNET: http://www.herald.co.uk/clients/G/Greenweld/greenweld.html

Our stores (over 10,000 sq. ft.) have enormous stocks. We are open 800 am - 5.30 pm
Monday to Saturday. Come and see us!

NOW AVAILABLE
RANGER 2 for Windows 95

The Complete, Integrated
Schematic & PCB Layout Package
Windows Ranger 2 %

For Windows 95 & NT Ranger 2 Outputs:
» New Hierarchical Circuit Full Windows Outputs

The Complete,
Inte rated Schemnu:
& PC g

. . . Plus - HP-GL
» Split Devices + Gate & Pin Swap Gerber
* New Edit Devices in Circuit NC Drilf
» Copper Fill « Power Planes AutoCad DXF

* Autorouter * Back Annotation

intuitive system at an outstanding price!

Windows Ranger 2 Upgrade
Upgrade your existing PCB Package to Windows

Windows Ranger 2 with Specctra SP2
Ranger & Specctra Autorouter provide the most cost
effective PCB Design system available. A powerful, .

Ranger 2.

Demo disc available €5.00 (Prices exc VAT/P&P) J-[ [ m ”X
Call 01730 260062 p ot L LA
Fax O 1 705 599036 ghis)?lnﬁ[:cl;ﬁlwgl‘s(’;{k:mflI(I;LIJ‘”??(’VSJ Ad\ anced Systems & Technology for PCB Manufacture
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SURVEILLANCE

PROFESSIONAL QUALITY KITS

No. 1 for Kits

Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unigue area of
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12
years and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions,
circuit diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all
transmitters are tuneable and can be received on an ordinary VHF FM radio.

Genuine SUMA kits available only direct from Suma Designs. Beware inferior imitations!

UTX Ultra-miniature Room Transmitter

Smallest room transmitter kit in the world! Incredible 10mm x 20mm mcludmg mic
3V-12V operation. 500m range £16.45
MTX Micro-miniature Room Transmitter

Best-selling micro-miniature Room Transmitter. Just 17mm x 17mm including mic.
3V-12V operation. 1000m range. £13.45
STX High-performance Room Transmitter

High performance transmitter with a buffered output stage for greater stability and
range. Measures 22mm x 22m, including mic. 6V-12V operation, 1500m range. £15.45
VT500 High-power Room Transmitter

Powerful 250mW output providing excellent range and performance
Size 20mm x 40mm. 9V-12V operation. 3000m range

VXT Voice-Activated Transmitter

Triggers only when sounds are detected. Very low standby current. Variable sensitivity
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range. £19.45

HVX400 Mains Powered Room Transmitter

£16.45

Connects directly to 240V A.C. supply for Iong -term monitoring
Size 30mm x 35mm. 500m range

SCRX Subcarrier Scrambled Room Transmmer
Scrambled output from this transmitter cannot be monitored without the SCDM decoder

£19.45

connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range...... £22.95

SCLX Subcarrier Telephone Transmitter

Connects 1o telephone line anywhere, requires no batteries. Output scrambled so
requires SCOM connected to receiver. Size 32mm x 37mm. 1000m range. £23.95
SCDM Subcarrier Decoder Unit for SCRX

Connects 1o receiver earphone socket and provides decoded audio output to
headphones. Size 32mm x 70mm. 9V-12V operation... £22.95
ATR2 Micro-Size Telephone Recording Interface

Connects between telephone line (anywhere) and cassette recorder. Switches tape
automatically as phone is used. All conversations recorded. Size 16mm x 32mm.
Powered from line... £13.45

*** Specials xx*

DLTX/DLRX Radio Control Switch

Remote control anything around your home or garden, outside lights,
alarms, paging system etc. System consists of a small VHF transmitter with
digital encoder and receiver unit with decader and relay output, momentary
or alternate, 8-way d.i.l. switches on both boards set your own unique
security code. TX slze 45mm x 45mm. RX size 35mmx 90mm. Both 9V
operation. Range up to 200m

Complete System (2 kits £50.95
Individuat Transmitter DLTx £19.85
Individual Receiver DLRX £37.95
MBX-1 HI-Fl Micro Broadcaster

Not technically a surveillance device but a great idea! Connects to the
headphone output of your Hi-Fi, tape or CD and transmits Hi-Fi quality to a
nearby radio. Listen to your farvourite music anywhere around-the house,
garden, in the bath or in the garage and you don’t have to put up with the
DJ's choice and baring waffle.

Size 27mm x 60mm. 9V operation. 250m range £20.95

Dert. EE

SUMA
DESIGNS

THE WORKSHOPS, 95 MAIN ROAD,
BAXTERLEY, NEAR ATHERSTONE,
WaARrwiIcksHIRE CV9 2LE

VISITORS STRICTLY BY APPOINTMENT ONLY

UTLX Ultra-miniature Telephone Transmitter

Smallest telephone transmitter kit avadable. Incredible size of 10mm x 20mm!
Connects to line (anywhere) and switches on and off with phone use

All conversation transmitted. Powered from line. 500m range.

TLX 700 Micro-miniature Telephone Transmitter

Best-selling telephone transmitter. Being 20mm x 20mm it 1s easier to assemble
than UTLX. Connects to line (anywhere) and switches on and off with phone use.
All conversations transmitted. Powered from line. 1000m range £13.45

STLX High-performance Telephone Transmitter
High performance fransmitter with buffered output stage providing excellent stability
and performance. Connects to ine (anywhere} and switches on and off with phone
use. All conversations transmitted. Powered from line
Size 22mm x 22mm. 1500m range.

TKX900 Signalling/Tracking Transmitter

Transmits a continuous stream of audio pulses with vanable tone and rate. Ideal for
signalling or fracking purposes. High power output giving range up to 3000m.

Size 25mm x 63mm. 9V operation £22.95
CD400 Pocket Bug Detector/Locator

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tone increase as you
approach signal. Gain control allows pinpointing of source
Size 45mm x 54mm. 9V operation

CD600 Professional Bug Detector/Locator
Mutticolour readout of signal strength with variable rate bieeper and variable sensitivity
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to
distinguish between localised bug transmission and normal legitimate signals such as
pagers, cellular. faxis etc. Size 70mm x 100mm. 9V operation £50.95
QTX180 Crystal Controlled Room Transmitter

Narrow band FM transmitter for the ultimate in pnvacy Operates on 180MHz and
requires the use of a scanner receiver or our QRX180 kit {see catalogue)
Size 20mm x 67mm. 9V operation. 1000m range.

QLX180 Crystal Controlled Telephone Transmitter

As per QTX180 but connects to telephone line to monitor both sides of conversations.
20mm x 67mm. 9V operation. 1000m range.. £40.95
QSX180 Line Powered Crystal Controlled Phone Transmitter

As per QLX180 but draws power requirements from line. No batteries required

Size 32mm x 37mm. Range 500m £35.95
QRX 180 Crystal Controlled FM Receiver

For monitoring any of the Q" range transmitters. High sensitiity unit Al RF section
supplied as pre-buitt and ahgned module ready to connect on board so no difficulty
setting up. Output to headphones. 60mm x 75mm. 9V operation. £60.95

A build-up service is available on all our kits if required.

UK customers please send cheques, POs or registered cash. Please add
£2.00 per order for P&P. Goods despatched ASAP allowing for cheque
clearance. Overseas customers send Sterling Bank Draft and add £5.00
per order for shipment. Credit card orders welcomed on 01827 714476.

OUR LATEST CATALOGUE CONTAINING MANY MORE
NEW SURVEILLANCE KITS NOW AVAILABLE. SEND TWO
FIRST CLASS STAMPS OR OVERSEAS SEND TWO IRCS.

Tel/Fax:
01827 714476

£15.95

£16.45

£30.95

£40.95




SALE PRICE £9.95

VIDEO PROCESSOR UNITS?/6v 10AH BATTS/24V 8A
T X Not too sure what the function of these units s but they certainly
make good stnppers! Measures 390X320X120mm on the front are
controts for scan speed scan delay, scanmode koads of connections
ontherear Inside 2 x 6v 10AH sealed kead acid batts peb's and aB8A?
24v torrosdial transformer (mains in) sold as seen may have one of
two broken knobss etc due to poor storage £9 95 ref VP2X

SALE PRICE £2.50

Customer returns. domestic telephone coin
boxes. used to convert ordinary phones in to
pay phones. ref CBT1X

12V FANS, EX EQUIPMENT
COMPLETE WITH METAL CASES

PACK OF 10 FOR £9.95

Dell switched mode psu
12v 15amp £9.95

140x 150 x 80mm fully cased with buit infan +12 @ 13A +5@ 15A
1EC power iniet iytead output £9 95 ret DEL2

The ultimate enclosure for
your projects must be one of
these!

Wei made ABS strew logether besge case measunng 120 x 150 x
50mm - Already fitted wath rubber feet and front mourted LED
Inside ts a peb fitted with other brts and preces you may find useful Soid
efther as a pack of five for £10 ret MD1 Or as a pack of 20 for £19 95
ret MD2

RCB UNITS £2.99

Thrs in line minature earth leakage untt instantly shut off the mains
supply in the evert of any current flowing

betweer iive and eanth thus preveming a potentially lethal shock {EC
plug one end socket the other fitted In seconds, reset button The
uttimate safety aki when working on electronic equipment computers
etc

As these units are fitted with an in-line 1EC plugon one end and socket
onthe other than could even be used 1o extend standard JEC computer
leads

Order via our web site at
www.bull-electrical.com

&

LA
"

L-

UK made energy saving device that can give you a 15% saving on the
runming costs of frdges etc

Surable for mans apphances fitted with a motor of up 10 2A

rating We have tned the device On other things like sotdenng rons
conventionat bulbs and stitl actreved a saving

One oft prce 1s £9 ref LOTTY

Pack of 10 1s £69 ref LOTT2

Pack of 20 1s £119 ref LOT73

SOLAR PANELS

3'x 1" Amorphous silicon. 7 watt 12-1dv
output. Unframed. Ref SOLX

SALE PRICE 4 for £59

Complete accounts system
for your PC for just £9.95

Unlimited companies general ledger multiple cash books deptors
and creditors stock Imvocing purchasing budgets report wrter
caoculator wordprocessor automated backups on hne help
windowing Networkab’e up to 10 workstations Free telephone sup-
port for 30 days from MAP computer products 01616788413

ail for the bargain price of just £9 95! worth ¢t for the 200 page Paste!
manual alonel ref SA12 3 5' disk version on'y £9 95 ref PAS2

PC KEYBOARDS
sale price just £2.99

Standard ps2 type connector. 104 keys. ref
PCX

S A\

)
@ *
v/ 3
MAINS SMOKE ALARMS (GENT)
NEW AND BOXED £4.99 ref SMKX

SALE PRICE £10

These unts must be cleared at ne absurd price of just £100

you get loads of keads an intra red remote keyboard and recefver a
standard uhf moduiator a standard bt approved modem 1200/75 and
foads of chips, resistors, Capaciors etc etc

all for just £10 ref bar33

Compagq
244 watt pc power supplies
buy 2 for £16

Ex equipment but in full working order direct from one of the top
manufacturess 145x 175 x 85mm fitted fan and IEC infet switch on
fiylead Outputs are 3 3vdc +5Svdc -Svdc +12voc -12vdc You may
need to change the mather board connector so we have included
another one with the power supply to help £16 for 2 ref COM2

Switched mode
psu special offer

£2.99

Brand new psu’s gmng Sv at 4 4Amps
Onginally made for the Archimedes but
obwicusly have many other uses Fited
on/off switch and fly lead 150 x 100 x
42mm £2 99 ref ARCHIX

BBC selector videocrypt 's'
tvtuner with smart card

sale price £9.95

Interesting new gem inthis week 1s this Selector Onginally made forthe
BBC to send encrypted video films to your VCR at night ime  The
proRct seems 10 hava fated

Very complex untts consisting of a smart card slot in the front plus
several switches and an IR recener Fully cased and measunng 230
x 430 x S0mm new and boxed

On the back of the unt 18 a scan socket phus a UHF input and output
A channel tuning control numbered 28 to 40 and an IR socket

nsade 1s acomprehenscve tuner section smart cand reader mechanrsm
and control electronics plus a power supply sectior

These unts are s0'd as stnppers but we imagine you could use one to
convert a monitor into a TV or maybe use the videocrypt side of things
for something efse Supphied compiete with manual and mains lead
Clearance pnoe just £9 95 ref BBC1X

Introducing our mega magnet
that lifts 33 kilo's!

Just in this week are these incredible Neodymwm magnets that wall Iift
an incredible 33 kilo's! Each magnet has a threaded bolt protruding
from the rear for easy fung 32mm diameter £15 ref MAG33
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EE184 135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST & e
Tel 01283 565435 Fax 546932 —
E-mail: Magenta_Electronics@compuserve.com r
Homepage: http://ourworld.compuserve.com/homepages/Magenta, Electronics
ELECTRONICS LTD All Prices include V.A.T. Add £3.00 per order p&p [
MAIL ORDER ONLY ® CALLERS BY APPOINTMENT
~  EPE MICROCONTROLLER] I SPACEWRITER . 4 % |

Pl. TREASURE HUNTER!
! The latest MAGENTA DESIGN - highly
U stable & sensitive — with MC control
1 of all timing functions and advanced |
1 pulse separation techniques.
] @ New circuit design 1994
I @ High stability
1 drift cancelling
1 @ Easy to build
1 &use
1 @ No ground
1 effect, works
in seawater

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

1 @ Efficient quartz controlled
microcontroller pulse generation.

1 @ Full kit with headphones & all

i hardware

(KIT847. .o £63.95

PORTABLE ULTRASONIC
PEsT SCARER

A powerful 23kHz ultrasound generator in a com-
pact hand-held case. MOSFET output drives a
special sealed transducer with intense pulses via
a special tuned transformer. Sweeping frequency
output is designed to give maximum output with-
out any special setting up.

KIT842.......ocvvviinnen, £22.56
SUPER ACOUSTIC PROBE

Qur very popular project - now with ready built
probe assembly and diecast box. Picks up vibra-
tions amplifies, and drives headphones. Sounds
from engines, watches, and speech through walls
can be heard clearly. Useful for mechanics, in-
strument engineers and nosey parkers! A very
useful piece of kit.

KIT 865......ccovneeeinnnnen. £29.95
KITS UNDER £10.00

Older style kits - some using PC.B., others
stripboard. All popular ‘oldies’.
Instructions included with each kit.
K386 Drill Speed Controller................ £9.95

K561 Light Rider Lapel Badge.. 0o

K101 Electronic Dice...
K242 Two Intercom......

K455 Electronic Doorbell.........
K816 Stepper Motor Interface. %
K481 Soldering Iron Controller........... £6.90
K512 Mains Tester/Fuse Finder...
K776 Lie Detector...............c...
K240 Egg Timer........
K181 Soil Moisture...
K263 Buzz Off..........ccceevenen
K569 Automatic Car Alarm................ £9.95

Reprints of these special kits - send 50p
stamps per kit + stamped addressed en-
velope

I—-—--—----—-—-

| ® SIMPLE TO BUILD

*NEW

@ SWEPT

® HIGH POWER QUTPUT 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, PC.B, coupling
coil and all components.

High coil current ensures maximum
effect. L.E.D. monitor

KIT 868

| SPACEWRITER %

An innovative and exciting
project. Wave the wand through 0‘%
the air and your message appears.
] Programmable to hold any message ﬁ%,
jue to 16 digits long. Comes pre-loaded k

with “MERRY XMAS". Kit includes
| PCB. all components & tube plus
instructions for message loading.

:_KIT 849
12V EPROM ERASER

A safe low cost eraser for up 1o 4 EPROMS at a time
in less than 20 minutes. Operates from a 12V supply
{400mA). Used extensively for mobile work - up-
dating equipment in the field etc. Also in educa-
tional situations where mains supplies are not al-
lowed. Safety interlock prevents contact with UV.

KIT790........cccc0iniminennenee £28.51

MICRO PEsT
SCARER

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

special microchip 1o give random
delay and pulse time. Easy to

build reliable circuit. Keeps pets/
pests away from newly sown areas,
play areas, etc. Uses power source
from 9 to 24 volts.

® RANDOM PULSES
@ HIGH POWER

© DUAL OPTION Plug-in power supply £4.99

KIT 867 uvuunieeieieneeeinennneennens £19.99
KIT+SLAVE UNIT....ccvuunennnenn £32.50
WINDICATOR

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

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

Magenta have prepared a FULL KIT for this
excellent new project. All components, PCB,
hardware and electrodes are included.
Designed for simple assembly and testing and
providing high level dual output drive.

KIT 866.... Full kit including four electrodes £32.90

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

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

Based on our Mk1 design

and preserving all the
features, but now with
switching pre-regulator for

much higher efficiency. Panel
meters indicate Volts and
Amps. Fully variable down to
zero. Toroidal mains trans-
former. Kit includes punched
and printed case and all
parts. As featured in April
1994 EPE. An essential piece
of equipment.
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3-note chime. Adjustable
pitch - so that two can be |

)0  latest sensitive transducer,

. Magenta's highly

@ KIT INCLUDES ALL
COMPONENTS, PCB & CASE

SUPER BAT
DETECTOR

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

A new circuit using a ‘full bridge’ audio
amplifier i.c., internal
speaker, and head-

phone/tape socket. The

and ‘double balanced mixer’
give a stable, high peformance
superheterodyne design.

KIT 861
ALSO AVAILABLE Built & Tested ....

E.E. TREASURE HUNTER
Pl. METAL DETECTOR
MKI

£39.99

developed &
acclaimed design.
Quartz crystal
controlled circuit
MOSFET coil drive.
D.C. coupled
amplification
Full kit includes

PCB, handle

2 ’ @ KIT INC.

-ase &

;:a‘r;ch coil. HEADPHONES

@ EFFICIENT
CMOS DESIGN
@® POWERFUL COIL

DRIVE

@ DETECTS FERROUS AND
NON-FERROUS METAL - GOLD,
SILVER, COPPER ETC.

@ 190mm SEARCH COIL

PEsT
SCARER

components. @ NO ‘GROUND EFFECT’
KIT848................... £32.95 KIT815.........cccouvrivnnnee. £45.95
3-NOTE \ ULTRASONIC PEsT SCARER
DOORCHIME Keep pets/pests away from
newly sown areas, fruit,
IDEAL vegetable and flower beds, t‘
BEGINNERS J children’'s play areas, patios T
PROJECT etc. This project produces R
Uses SAB0600 chip to intense pulses of ultrasound A
produce natural sounding | which deter visiting animals. (5)
o
|
C

used for front and back
doors.

Kit includes PC.B., all
parts and instructions.
No case or battery

| @ EFFICIENT 100V
TRANSDUCER OUTPUT @ UP TO 4 METRES

| ® COMPLETELY INAUDIBLE
TO HUMANS

KIT 869........ £6.99 ' KIT 812........

RANGE
@ LOW CURRENT DRAIN
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SIMPLE PIC PROGRAMMER
INCREDIBLE LOW  Kit 857 £12.99

PRICE!
INCLUDES 1-PIC16C84 CHIP | Power Supply £3.99
SOFTWARE DISK, LEAD EXTRA CHIPS:
CONNECTOR, PROFESSIONAL PIC 16C84 £7.36
PC BOARD & INSTRUCTIONS

Based on the design in February ‘96 EPE article,
Magenta have made a proper PCB and kit for this
project. PCB has ‘reset’ switch, Program switch, 5V
regulator and test L.E.D.s. There are also extra
connection points for access to all A and B port pins.

WITH DEMO PROGRAM

INCLUDES 1-PIC16C84 Kit 860 £17.99

SOFTWARE DISK, PCB, Power Supply £3.99

SUPER

READS, PROG

PIC16C6X, 7X,
USES ANY PC

WINDOWS™ SOFTWARE

PIC PROGRAMMER

RAMS, AND VERIFIES

AND 8X
PARALLEL PORT

USES STANDARD MICROCHIP e HEX FILES
OPTIONAL DISASSEMBLER SOFTWARE (EXTRA)
PCB, LEAD, ALL COMPONENTS, TURNED PIN
SOCKETS FOR 18, 28, AND 40 PIN ICs.

e SEND FOR DETAILED Kit 862 £29.99
INFORMATION —
SUPERB PRODUCT AT AN Power Supply £3.99

loglie Y NeDRD ST WG MU= | | UNBEATABLE LOW PRICE.

A

INSTRUCTIONS AND
FULL PROGRAM SOURCE
16-CHARACTER 2-LINE | cODE SUPPLIED - DEVELOP
LCD DISPLAY YOUR OWN APPLICATION!

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

* Chip is pre-programmed with demo display %

INCLUDES: PCB,
PIC16C84 WITH
DEMO PROGRAM,
SOFTWARE DISK,
INSTRUCTIONS
AND MOTOR.

motor - up to 24V and

PIC STEPPING MOTOR DRIVER

Kit 863 £18.99 "%

FULL SOURCE CODE SUPPLIED. b’
ALSO USE FOR DRIVING OTHER o
POWER DEVICES e.g. SOLENOIDS.

Another NEW Magenta PIC project. Drives any 4-phase unipolar

1A, Kit includes all components and 48 step

motor, Chip is pre-programmed with demo software, then write your
own, and re-program the same chip! Circuit accepts inputs from
switches etc and drives motor in response. Also runs standard demo
sequence from memory.

PIC16C84 MAINS POWER 4-CHANNEL
CONTROLLER & LIGHT CHASER

e WITH PROGRAMMED 16C84 AND DISK WITH

SOURCE CODE IN MPASM [Now features full
® ZERO VOLT SWITCHING - [4-channel chaser software
10 CHASE PATTERNS on DISK and ,
e OPTO ISOLATED pre;programmec.
e 4 X 3KEYPAD CONTROL [R50 ch- Sesih
e SPEED CONTROL POT. own applications.
e HARD FIRED TRIACS Software source code is
® 4 CHANNELS @5 AMPS fully ‘commented’ so that

it can be followed easily.

Kit 855 £39.95 15 oF other appLICATIONS

round Sound to you at
DOLBY specifications,  with
Featured in EPE APRIL "96

Kit Ref: 869 £124.99

£99.00

*DOLBY and the double-D symbol are
trademarks

o R VR0 BNe el ol || DC Motor/Gearboxes
DECODER rsall

motor/Gearbox sets, "‘
—————— Ideal for Models, Robots, S T "
l DOLBY SURROUND ’ i’ug/gies etc. 15 t0 4-5V % \
-~ ulti ratio gearbox E
280 LOGIC gives wide range of speeds.

Bnngs full Genune PRO-LOGIC Sur LARGE TYPE - MGL £6.95

tastc price. The crcut meets all || SMALL — MGS - £4.77

‘3-Stereo” and “Surround”  selections
Full kit with case and transtormer,

Short Form KIT, Kit Ref: 858 || MD35...5td 48 step...£12.98

|| our Popular and Versatile DC

a fan

“Stereo

Stepping Motors Y
MD38...Mini 48 step...£8.65
2

MD200...200 step...£16.80
MD24...Large 200 step...£22.95

6 8000 DEVELOPMENT AND
TRAINING KIT
e USED WORLDWIDE IN SCHOOLS
COLLEGES &8 UNIVERSITIES

e DOUBLE EUROCARD, 2 SERIAL PORTS
NOW WITH EXPANDED RAM & ROM

IN ROM

e FULL FEATURED MONITOR & LINE ASSEMBLER N

o CROSS-ASSEMBLER AND COMMS SOFTWARE DISK -Q

e FULL 8MHz 68000 16-BIT DATA BUS

e EXPANDABLE - PIT OPTION 68230
o e FULL MANUAL PLUS DATA
e SUPER LOW PRICE:

KIT 601........... £69.95

EXTRAS: 9-way PC. lead £6.99

25-way PC. lead £6.99
Case — black bottom, clear lid - £5.99
PSU +5V, +12v, —12v £12.99

As featured in EPE and now published as Teach-In

Mini-Lab & Micro Lab
Electronics Teach-In 7

are supplied by Magenta. Teach-In 7 is £3.95 from us or EPE
Full Mini Lab Kit - £119.95 - Power supply extra — £22.55

Full Micro Lab Kit — £155.95 Built Micro Lab - £189.95
All prices
include VAT.

Add £3.00 p&p.
Tel: 01283 565435 Fax: 01283 546932 E-mail: Magenta_Electronics@compuserve.com

7. All parts
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TDA26IIA  £188
TDA2B22A  £0.86
TED37I8DP £5.03
TEASLLS £3.11
TLO6ICP £0.35
TLO6G2CP 10 60
TLOG4CN .22
TLOTICP £0.39
TLOT2(C £0.38
TLOTCN £0.50
TLORI £0.33
TLOR2(CP £0.54
TLOB4CN £0.50
TL494CN £1.46
TL7T0SACP £162

LC271 £0 54
TLC272 £0.8%
TMPOIFP  £5.60
ULN2003 £0.52
ULN20G4A  £0.48
LLN2803 £0.90
ULN28O4A  £1.64
ULN2806 £1.20
XR2206 £5.3?
ZN316F £1.99
EPROM's
2716 £4.74
27132 £4.84
2764-20 £4.26
27C64-25 £3.44
27128-20 £4.08
27CI28-15  £3.02
27256-20 £4.85
27C256-20  £3.6%
27C512 £3.30
22C1001-20  £3.02
27CHI01-120 8.64
RAM
4164-15 £1.90
6116-10 £1.53
6264-10 £3.16
41256-10 £2.80
62256-10 £4.22
514256-8 £6.80
A/D Converters
Data Acquisition
AD420AN
ADSSTIN LR 7S
ADSTHAIN  £18.48
ADTISIN  £18.48
AD7226KN
AD7S28IN  £7.04
AD7545AKNENL04 2
AD7R28KN £20.33 2
ICLTI09CPL £7.75
TLCS49IP  £3.04
ZNA2SE £5.94
ZNA26E £313
ZN427E £9 25
ZN428E £594
ZNA4BE £7 34
Microcontoliers
PICI6CS4A-04£3.07 =
PICI6CT1-04 £4.88
PICL6C84-04 £592

PHONE FOR

OTHER DEVICES
Voltage
Rrgulmors
7805
7808
7812
7815
78L03
78LOR
78L12
78L1S
3024
78505

3
.68
S8

REFOICP £3.44
REFQ2CP £4.66

REF12Z £1.28
REF195GP  £4.72
REF25Z £1.2
REF50Z £1.22
TL43ICP £0.45
ZN423 £1.55
ZN458B £1.89
Diodes
IN9I4 £0.06
IN9I6 £0.06
IN40D1 £0.06
1N4002 £0.07
1NG003 1007
IN4004 £0.07
1NJ005 £0.07
IN4006 £0.08
IN4007 toO%
INd148 £0.05
IN4149 £0.06
INS400 £0.09
INSIH £009
IN5402 £0.10
INS304 £0.11
INS406 £0.12
1N5407 £0.14
INS4D8 £0.15
BA 157 £0.10
BA S8 £0.10
BAi159 £0.10
BATRS £0.17

£2538 3

£2569 N3

BY 136 ¥0.13 ACI2R T0 30 BCIAB 0.14 BFIES £0.58
BY127 L0118 ACIRT £068 BC3ST £025 BF 103 £0.31
BY133 £0.10 ACIXE £0.48 BC393 £0.73 BF194B £0.19
8‘\3(7 £024 A(‘\I’.‘Ig £384 BCHI £0.40 BElos £0.19
(),»t‘)l) ’{8'?0 :BIGI 'E(‘)'SZ 582; 'i::ig g:‘zue 58'3(5)
0200 £0'56 ADI62 £0.92 BC4TR £0.32 BF244C £0.35
01202 £0.29 BC107 £0'16 BC479 £0.32 BF257 £0.33
Zeners 271033V BCI07B £0 17 BCSI6 £021 BF259 £0.33
100mW £0.08 BCIOR £0.14 BCSI7 £0.17 BF337 £0.30
1.3W LOT4 BC0KB £0.16 BCS27 £0.20 BF33$ £0.38
rumtonz, BOC M5 s Baens HY
LSATSOV 1019 £0. 5 £0.20 BF: £0.
154 200V £0.20 BCI9C €019 BC3ioB £0.08 BF459 1'0;3
0.2 3
IiAdoov 1033 BEH3  f0N1 BCSOB  f00o BEX® 03
1.5A 800V £0.27 BCll6 £041 BCS547C £0.09 BFX8&4 £0.31
15A IV (024 BCIIR £0.41 BCS4C £0.0% BEXSS £0.32
33200¢  £036 BCI32 £0.36 BC549C £0.10 BFY50 £0.30
30300V 040 BCI33 £0.36 BCSSOC £0.10 BI Y5) £0.25
3A 600N £0.33 BCI38 £0.36 BCS36A £0.08 BFYS2 £0.28
6 200\ £0.70 BC140 £0.25 BCSS7B £0.08 BSI07 £0.21
6\ KOOV £0.59 BCI14) £0.27 BCSSIC £0.08 BS170 £0.23
10A 4060V £1.39 BC142 £0.31 BCSSRB £0.08 BSW66 £1.35
ISA 200V £168 BCI43 £0.38 BCS30C £0.08 BU126 £1.32
I5A 60DV £1.80 BC149 £0.21 BCS60A £0.09 BL20S £1.41
Thyristors BCIS4 £0.36 BCS60B £0.09 BU20RA £1.24
bl 036 BCIST £012 BC637 £0.21 BU326A £1.40
POI02AA  £0.30 BCISO £0.17 BC638 £0.21 BU 500 £1.54
Ticiied  tose BC £0.28 BC639 £0.21 BUSORA £0.98
TICI26D 070 BCI170 €016 BC6d0 £0.13 BUSOSD £0.98
e . G Staw gz B2
ZOI0SDA  £0.42 B9y £0.16 BCYT2 £020 BUTIIA £1.30
Tic206n £0.65 B2 £0.13 BDI24P £6.86 BUTIIAF  £1.30
!T"Qg"f’ 0oy BCITB €013 BDI3S €021 BUX84 £0.78
HELSRSU Ol £0'18 BDI36 £02] IRFS40 £1.26
TIC236 £112 Beigg £0.18 BD137 £0.23 IRF740 £1.88
Dia. $i. Switch BC179 £0.18 BDI3R £0.22 MJ2501 £1.60
DB3, 32V £0.20 BC179A £0.17 BDI139 £0.25 MJ3001 £1.80
BRY'39 £130 BCI82 £0.11 BDI140 £0.25 MJ11015 2.45
Transistors BCIR2 £011 BDISOC €082 MIN1016  £2.56
IN1613 182 £0.12 BDI16S £0.42 MIE340 £0.40
NI 1 £0.08 BDI66 £0.35 MIE3S0 £0.48
INI8O3 I £0.10 BDI87 £0.39 MPSAOQS £0.14
IN2218A “183 £0.08 BD201 £0.30 MPSA06 £0.11
IN2219A 18 £0.08 BD20? £0.40 MPSAI3 £0.12
IN2222A ) £0.08 BD20 £0.30 MPSA42 £0.17
IN2646 £0.08 BD204 £0.40 MRF475 £7.28
INJ9O4A £0.08 BD222 £0.58 TIP29C £0.31
IN2HOSA £0.33 BD22S £0.42 TIP3OC £0.37
2N39077 £0.72 BD232 £0.50 TIP3IC £0.31
2N2926 £0.72 BD237 £0.32 TIP32C £0.41
2N3053 £0.72 BD23R £0.34 TIP33C £0.72
2N3054 £0.72 BD240C £0.37 TIP4IA £0.44
23085 £0.08 BD243B £0.50 TIP42C £0.52
2N3439 £0.08 BD243A £0.53 TIP47 £0.48
N30 £0.08 BD244C £053 TIPSR £0.62
23702 £0.08 BD245C £1.18 TIPSO £0.53
N3703 £008 BD246 £1.18 TIP121 £0.45
IN3704 £0.08 BD246C £1.18 TIPI122 £0.46
N3705 £0.08 BD283 £0561 TIP125 £0.46
2N3706 £0.08 BD284 £0.61 TIP127 £0.40
3771 £0.15 BDI0O £0.79 TIP132 £0.46
W3 £0.09 BD441 £0.41 TIP137 £0.56
N33 £0.09 BD442 £0.37 TIP132 £1.30
2N3819 £0.09 BDS34 £0.47 TIP147 £112
2N3820 £0.10 BD335 £0.50 TIP295S £0.97
IN3904 £0.15 BD536 £0.65 TIP30SS £0.70
IN3905 £0.13 BD58I £0.62 VNIOKM  £0.48
2N3906 £0.30 BDS97 £0.92 ZTX300 £0.16
INI036 £0.24 BDo6 £0.52 ZTX500 £0.16
IN5235 £030 BD64R £0.52
i vty
2N332 (2 42 SAMEDAY
IN5301 £0.13 BD708 £1.
R O i
N3SS] £0. A32 £l Quality
T Bt B compantars
288838 xg.:g ggi_;g(c_ tg.ﬂ)
SD1730 £0.12 BD? £0S ini
C126 £0.44 BC33R £0.10 BFI80 031 o Minimum
ACI2? 1050 BC3ILIS * 10,10 BFIE? 103
Electroly tic Radial Electroly tic Axial
166 25y v 63\ - [ 16v 25 30 63v 100y 250v 350v
wo; £0.05 e — gg.g(z)
£0.05 £0.05 £0.05 & =l £013 - €041
12 £0.13 £0.17 £0.40 £0.51

£0, 05 lO 05 £0.05 £0.05 £0.09
L() £0.05 tg 8* 1007 £0 11
t() 03 £0.05 £0.07 £0.10 t() 19
£0 06 £0.06 £0.10 £0.13 i() 26
£0.08 £0.09 £0.13 £0.25 -

£0.09 - £0.19 -

£0 12 £0 17 £0.24 1033 -
£0.15 £0.33 £0.34 ---
£0 27 £0.55 £0.70 ---

- £0 B .
wo'nos-—

£0.1
£0 I" £0 13 £0l4 £0.15 £0.21 £0.52 LI .06

£0.13 £0.13 £0.15 £0.19 L032 £057 -a
£0.14 £0.16 £0.19 £0.26 £0.44 - -
£0.19 £0.20 £0.27 £0.39 £0.48 - -
£0.24 £0.28 £0.43 £0.53 ---
£0.33 £0.43 £0.59 £1.08 -
£0.53 £0.66 £I B £I 55

L086 £I 1l -

(‘erumlc Mint Dis

J)ed Ceramic ‘\'ul(ﬂ.ner

10.1.2
1 .0pF 10 22nF 100V

4 47nF & 100nF S0V

I<IR"’77333947<7688"
1007

'\I<o in stock - Mylar Film. MKT. Bosed
& Dipped Polyester. Tamalum. Sub-
mimature, low Ucakage & 105°C Radtals

22.33.47 and muluplcs

I F 10 100nF 1 £0.10
220nF 100V £0.14
330nF 100V £0.16
470nF 100V £0.22
1.0uF | £0.29

ooV
l-ull Technical Specification available

Resistors - Please State \'alue Required

W Carbon Film 5% E12 Senes
'aW Carbon Film 5% EI2 Series
*aW Metal Film 1% E24 Series
'2W Carbon Film 5% E|2 Scnies
2.5W Wirewound 5% E12 Senes

1Q-1MO £0.02 Each. £0.80 per 100 §
1Q-10M £0.02 Each, £0.60 pcr 100
1092-1M £0.04 Each. £1.72 per 100
1Q-10M £0.02 Each, £0.95 per 100
0Q1-220Q £0.23 Each

per 10N of
svaluc onh

IW & 2W Carbon Film in stock - sclected values only, contact sales dept. for details
Preset Resistors - Please State Value Required

Enclosed. 10mm Square Horz  Vent.

Skeleton. 10mm Dia Horz  \ent
Sub-min. 6mm Dia. Horzontal

Multtum, 10mm Square, Top Adjust
Mulntum, 19mm Long. End Adjust. o
‘alue

Potentiometers - Please State
« Shatt. “mm Da
'4” Shaft, 25mm Dra
<" Shaft. 2inm Dra.
' Shaft. 20mm Dia

. “ Shaft, 20mm Da.

4" Shatt. 20mm Dia.

Single Gang -
Single Gang
Dual Gang -
Dual (mng
Switched -
Swiched -

PCB Mount. Splined Shaft. 16mm Dia. 470Q-1M0 Lincar
PCB Mount. Sphincd Shatt, 16mm Dia. 47004k 7. 100k, 1MO Log

Dual PCB. Splined Shaft, 16mm Dia.
Dual PCB. Sphned Shaft, 16mm Dia.

10092 - 1MO 0.15W £0.15 Each
160Q - MO 0.1W £0.11 Each
£3 200Q-1M0 0.1\ £0.19 Each
F3 100Q-1M0 0.5W £1.00 Each
£3 S0Q-2M0 0.5W £0.64 Each
uired
J0Q-2M2 Lincar £0.49 Each
4R700K 47k 100K 1M.2M2 Log  £0.49 Each
1K0-2M2 Linear £1.62 Each
1K0-2M2 Loganthmic £1.71 Each
1KQ-2M2 Lincar £1.56 Each
1K0-2M2 Logarithmic £1.69 Each
£0.42 Each
£0.42 Each
10k 50k 100k 560k Lincar . £0.85 Each
LK SO, 100k.SC0N Loganthmic  £0.85 Each

L U ADM23ZAA £355
S ADM4RIN 1297
= - ADM69AN £5.13
<0 ADMGYIAN £6.48
T O ADMOISAN £6.48
€ F ADM6®AN £358
| A CaricE 1026
S0 CAMICE  £0.39
Do — 0 (Al 0
» £].
oad, Cullercoats, S0 chiome 1073
<€ CAMIE  £087
e & Wear, NE30 4PQ [ 5w a3 todo
d s 25 CAJRE  £1.22
v % CADME  £112
el: (0191) 251 4363 |Zi oooics  ci
<5 bain B
. -
Fax (01'919 252 2296 52 EL2030CN  £567
Z = ICL7I06  £295
Email ! salbs@’eSr co.uk o2 ICL7611DCP £1.06
h Iwww ok §E3 s e
t}P' -Gsr.co. o ICM7555  £0.32
4000 Series 74HC Series 4LS47 £0.58 ICM7556  £0.9%
4000 £0.17 T4HCO0 £0.20 74LSS) £0.24 L16S\ £2.72
4001 £0.18 74HC02 £021 74LST3 €040 L272M £1.86
4002 £0.17 74HCO3 £0.2) 74LS74 £0.32 L293E £435
4006 £0.40 74HCO4 £0.17 74LS7S £0.30 L297 £6.37
4007 £0.18 74HCOR £021 74LS7 £025 L298 £6.
4008 £0.23 74HCI0 £0.16 74LS83 10.31 L6219 £4.48
4 £0.19 74HC11 £020 74LS8S £0.48 LF347N £0.46
4010 £023 74HC14 £0.22 74LSR6 £020 LE3SIN £0.43
4011 £0.19 74HC20 £0.28 74LS90 £0.48 LF353N £0.40
4012 £0.16 74HC27 £0.16 74LS92 £0.45 LF3s6 £0.84
4013 £0.19 74HC30 £022 74LS93 £0.42 LM3OIA £0.23
4014 £0.30 74HC32 £0.20 74LS107  £0.30 LM3O8N — £0.58
4015 £0.24 74HC42 €025 7408109 £021 LM3IIN-B £0.29
4016 £0.30 74HCT3 £0.40 74LS112 024 LM8 £0.98
4017 £029 74HC74 £023 T4LSII3  £0.21 LM3ION-14 £0.90
4018 £0.27 74HC7S  £040 74LS114  £0.21 LM324 £0.24
4019 £0.48 741HC76 £020 74LS122 £0.31 LM33s52 £1.52
4020 £0.36 741C8S £0.24 74LS123 £031 LM339N £0.24
1021 £0.31 741HCR6 £0.22 74LS125  £027 LM3BN  £03)
4022 €032 74HCI07  £0.40 74LS126  £025 LM3S8N  £0.27
1023 £0.16 74HC)23  £0.33 74LS132 €021 LM3™7 £2.547
4024 £032 744C125  £026 74LS133  £0.36 LM38N  £0.88
4025 £0.15 74HC126  £0.46 74LS136 £0.23 LM3BIN £2.64
4026 £078 74HCI32 €037 74LS138  £0.30 LM3K6 £0.79
4027 £0.25 74HCI33  £029 74LS139  £024 LMINN - £0.79
4028 £0.33 74HCI38  £0.25 74LS145 £0.56 LM393N  £0.21
4029 £0.40 74HC139  £031 74LS147  £117 LM7O9T  £0.79
1030 £0.17 74HC151 £0.33 7405148 £0.64 LM733 £1.04
1031 £0.70 74HCIS3  £0.27 74LSISI £025 LMM48CN-8 £0.37
4034 £1.24 74HCIS4  £0.85 7408153 £0.25 LM759CP  £3.38
4035 £0.31 74HC157  £040 74LSIS4 £0.70 LMI45K £0.37
4040 £0.38 74HC158  £0.23 74LSISS €025 LMI88} £392
4041 £031 74HCI60  £0.64 740Si56 036 LM29IINB  £3.10
4042 £022 74HCI6]  £028 74(S157  £022 LM3900N  £0.72
4043 £028 74HC162  £0.45 74LS158  £021 LM390ON  £1.76
4044 €035 74HCI63  £027 4LS160  £0.48 LM3914 £2.16
4046 £0.52 74HCI64  £0.35 T4LSl6] £0.32 LM39IS £2.70
4047 £0.34 74HC165S  £0.35 74LS162 £0.44 LMI13600  £1.66
4048 £0.28 74HC173  £0.38 74LSI63 £0.32 LMC660CN £2.16
4049 £0.22 74HCI174 £0.27 74LS164 £0.24 LMC6032IN £1.55
4050 £026 74HCI7S  £035 74LS165  £048 LP3IIN £0.74
405| £0.38 74HCI92  £0.72 74LS170  £0.30 LP324N £0.67
4052 £032 74HCI9S  £032 74LS173  £0.24 LP3ION £0.73
4053 £0.40 74HC240  £0.37 74LSI74  £024 LTIOI3CNB £299
4054 £0.56 74HC241  £037 74LS175  £024 LTIONCN £10.20
4055 £0.34 74HC243  £0.48 74LSI190 £0.60 MAX202CPE £2.9
4060 £044 74HC244  £0.42 74LSIO1  £024 MAXD0BCN £6.99
4063 £0.29 74HC245  £0.46 74LS192  £0.60 MAN220CPE £5.06
4066 £0.22 74HC2S1  £025 74LS193 1024 MAX222CPE £5.06
4067 £220 74HC253  £0.25 74LS193 £024 MAX232CPE £1.80
4068 £0.16 74HC57  £025 74LS196 £024 MAXJBICP £3.13
4069 £0.20 74HC259  £0.57 74LS197  £0.24 MANIKSCP £2.58
4070 £025 74HC273  £035 74LS221 £0.30 MANG3IACP £4.99
1071 £0.23 741C299  £0.64 74LS240 £0.32 MAX63SACP £4.99
4072 £0.17 74HC356  £0.4S 74LS241 £032 MAXI232CP £2.9
4073 £0.17 74HC365  £0.34 74LS242 £0.32 MCI488 .39
4075 £0.17 TIHC367  £0.25 7408243 £030 MCL489 .
4076 £0.30 74HC368  £025 7408244 £032 MC33Q
4077 £0.28 74HC373  £0.35 7408245 £060 MC3340P £l
4078 £0.20 74HC374  £0.40 74018247 £0.32 MC4558P  £0.
4081 £0232 74HC390  £0.52 74LS25) £0.24 MV60OIDP  £2!
4082 £0.21 74HC393  £0.38 74LS257 £0.24 NES2IN 6.
4085 £028 74HC423  £037 74LS258  £024 NESSSN I
1086 £0.26 74HCSS3  £0.32 74LS266  £0.14 NESS6N Q.
4089 £0.55 74HCS63  £0.56 7418273 £0.32 NES6S .
4093 £0.23 74HCS64  £0.48 7405279  £0.25 NES66N -
4094 £0.31 74HCS73 £0.38  74LS365 £0.21 NES6IN 0.
4095 £0.56 74HCS74 €045 7418367  £02] NESTIN i
4097 £1.20 74HC640  £0.73 7405368 £0.21 NE592 Q.
4098 £048 74HCO88  £0.64 74LS373 £0.33 NESSI2N .
4099 £038 74HC4002  £0.31 7408373 034 NESS3IN X
4502 £0.38 74HC4017  £0.64 7408375 £0.33 NESSION .
4503 £0.40 74HC4020  £0.36 74LS37? £0.32 NESS6ON .
4508 £1.40 T4HC4040  £0.45 74LS378 £0.62 OPOTCN .
4510 £0.36 74HC4049  £0.31  74LS3IN £0.25 OP27CN .
4s11 £0.38 74HC4050  £0.25 74LS393 £0.24 OP77GP .
as12 £0.32 74HC4060  £0.44 7415395 £0.26 OPIOGP .
4514 £0.77 74HC4075  £0.27 74LS399 £0.62 OPITHP .
4315 £099 74HCH078 €032 74LS670  £0.69 OPIIIGP  £3.44
4516 £0.44 74HC4511  £0.63 Linear ICs OpPI76GP  £2.09
4518 £0.44 74HC4514  £0.84 ADS24AD  £23.04 QPITIGP  £1.89
4520 £04) 74HC4S38  £0.41 ADSIBIN  £i62 OPC0GP  £560
4521 £0.62 74HC4543  £0.90 ADSOOJH  £540 OP2IIEF - £5.20
4526 £0.40 7418 Series ADS92AN  £352 OP2ISGP £2.57
4527 £0.40 741'Sp0 £026 ADS9SAQ  £136s OP2EGP  £2.77
4528 £0.40 740501 £0.14 AD620AN  £98g OPBIGP  £3.20
4529 £0.44 74,802 £026 AD62SIN  £16.20 QP2 i
4532 £0.32 231503 £029 AD633IN  £825s OP297GP  £5.74
4534 £324 730504 £021 ADG4BIN 237 OPJOOGP L1 8)
4536 £1.00 720505 £0.14 AD6SAIN  £725 OPIOSGP  £R.69
4538 £037 740508 £023 ADG9BAP  £232g RCII36  £1.00
4541 £0.33 741509 £0.12 ADTORIN  £569 SAAI027 (446
4543 £0.49 730810 €004 ADZIN  £1.51 SG3S24N - £0.96
4555 £0.32 74081 £017 AD7I2)N  £238 SG3543 £0.88
4556 £0.40 740512 £0.14 ADIGIN €875 SLise £2.88
4560 £1.18 740813 £0.29 AD795IN £5.94 SS“;OISP 123
4566 £1.96 741514 £0.21 AD797AN  £8.69 SS.\|;0I7P £3.3%
4572 £0.25 740815 £0.14 ADSIIN  g673 3SMII3IP - £4.19
4584 £024 740520 £0.i6 ADBI2AN  £632 3SM2I4IP - £4.21
4385 £0.47 74183} £0.14 ADSI3AN 8381 SSM212p téle
4724 £094 741522 £0.14 ADBITAN  £38s SSM2143P  £3.78
10106 £0.25 741526 £0.14 ADR0AN  £323 TBAI20S Leo0
40109 £0.58 730827 £014 ADS22AN  £520 TBASN — £0.70
40163 £0.46 740830 £020 AD8S26AN  £5.33 TBABIOS  £0.64
40174 £0.46 740832 £021 ADS2OIN  £6.41 TBAB2OM - £0.40
40175 £0.36 741837 £014 ADS30AN f6.14 TDAII705  £2.48
10193 £0.60 740838 £0.19 ADB4TIN  £571 TDA2002  £1.04
TS a0 NS £014 ADSGKN £]73 ¥3’:53% ﬁ”t
Ase toa R B ik b
H A
able to

TION - Carriage £1.25+Vat, Pnces Exclude Vat (17'4%), Add Carriage & Vat (o all orders. Payment with Order. PO/Cheques
tronic Components. ALL Credit Card Orders Accepted. NO Credit Card Surcharges. Trade discount for Schools & Colleges.
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BOOGIE ON DOWN

It’s not often that we publish anything other than our own original material in EPE, but
this month and next month we have departed from the norm and are republishing a chapter
taken from a recently published book. It's Chapter 21 from Bebop to the Boolean Boogie
by Clive (call me Max) Maxfield.

Every so often a technical book comes along that sets a standard for others to follow; two
previous books that come immediately to mind are Foundations of Wireless and Elec-
tronics by M. G. Scroggie and The Art of Electronics by Horowitz and Hill, both of which
have run to a number of editions (**Scroggie™" was first published in 1936!).

We believe two more technical books are about to line up alongside the all time greats
and both of these are Bebop books. We are sure you will discover that the article Alterna-
tive and Future Technologies is informative and easy to read. Max’s style helps things
along tremendously and you will find you have absorbed masses of technical information
almost without conscious effort.

When you realise that this month’s issue contains only half of Chapter 21 and that we
have had to add extra pages to the magazine to get it all in (and will probably do the same
for Part 2 next month), then you can see how much information is contained in the book.

No doubt some of the technologies described in Chapter 21 will fall by the wayside but
they all make fascinating reading and, in many instances, are simply mind boggling. If.
like me, you want to read more then we can also supply the book — we have taken the
unprecedented step of importing it (and the other Bebop book — read on) ourselves to make
it available at an exceptional price in the UK.

BYTES

Max's other book, Bebop BYTES Back, co-written with Alvin Brown, is perhaps even
more fascinating. It includes a Free CD-ROM with a Virtual Computer on it — called the
Beboputer — that allows you to understand the inner workings of a computer, write
machine code or assembly code programs and try them out, etc. If you want to understand
computers then this is an enjoyable way of doing it.

Time will tell if these books line up with Scroggie and Horowitz and Hill. if they don't |
will be surprised. We did not have the good fortune to publish them but we can make sure

you benefit from them.

AVAILABILITY

Copies of EPE are available on subscription any-
where in the world (see below), from all UK news-
agents (distributed by Seymour) and from the fol-
lowing UK electronic component retailers: Maplin
- all stores throughout the UK; Greenweld Elec-
tronics; Cirkit Distribution; Omni Electronics. The

magazine can also be purchased from many retail
magazine outlets around the world.

SUBSCRIPTIONS

Annual subscriptions for delivery direct to any
address in the UK: £26. Overseas: £32 standard air
service, £49.50 express airmail. Cheques or bank
drafts (in £ sterling only) payable to Everyday
Practical Electronics and sent to EPE Subscrip-
tions Dept., Allen House, East Borough, Wimborne,
Dorset BH21 1PF Tel: 01202 881749. Subscrip-
tions start with the next available issue. We
accept MasterCard or Visa. (For past issues see
the Back Issues page.)

BINDERS

Binders to hold one volume (12 issues) are avail-
able from the above address. These are finished
in blue p.v.c., printed with the magazine logo in
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constructional Project —

SAFE AND

SOUND

TERRY de VAUX-BALBIRNIE — )=

Foil the villains with our
anti-theft bleeper for security

lights

ASSIVE infra-red (PIR) floodlights are
Pavailablc at very low cost from DIY
stores and mail order suppliers. For those
who are not “’in the know™’, these lights
switch on for a certain time when a sen-
sor detects the heat radiated by a person’s
body. Thus, when someone moves within
the detection zone, up to about 10 metres
away, the light is activated.

In more expensive models, the operat-
ing time may be adjustable using a control
on the unit, but in cheaper models it will
be fixed at, say, four minutes. A detector
responds to the ambient light and disables
the circuit during daylight hours.

These lamps are useful because they
may be arranged to throw light on the
driveway and along the path to the front
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door. Placed to the side and rear of the
house, they may also be used as a deterrent
against burglary.

Note that this type of external PIR unit
cannot be interfaced with a house alarm
system. One reason is because the house
owner or friends and family would trig-
ger it. Also, these lights are prone to oc-
casional false operation. This may happen
when a cat or dog passes by, and also if
moving objects such as branches of trees
fall within range.

NO KIDDING

However. it would be helpful if an in-
truder thought that he had triggered an

alarm if he went to the rear of the house. It
is well known that deterring burglary can
involve just as much *’kidology'" as real
technology.

For example, a dummy alarm box on the
side of the house can be almost as effec-
tive as the real thing. With the device to be
described here, the intruder moving into
the PIR detection field at night activates
the light which, in turn, triggers the circuit.
A buzzer then emits a distinctive bleeping
sound.

An intruder will not necessarily connect
this with the light having come on, and it
does not matter if he does. The effect will
be confusion and he will probably beat a
hasty retreat. The sound is not so loud that
it will disturb people in other houses but it
will be sufficient to draw the attention of
anyone nearby.

The intruder may think that the bleeping
indicates that a full-size siren will sound if
he remains there. He might even think that
the police or a security company have been
contacted by an auto-dial telephone sys-
tem. In either case, he is not likely to wait
and find out.

There is a further application for this
device, and it may be combined with the
first one if required. That is to place a
sounder inside the house so that it tells the
occupants that the light has been triggered.
This idea may be useful because the light
itself is not usually visible inside the house
when the curtains are drawn.

It could be used to give advance warn-
ing that someone was approaching, or as
an automatic door *bell’’. Bear in mind,
however, that there is a possibility of false
triggering.

For this reason. the use of an internal
buzzer, especiallv when the PIR lamp is
sited to the rear of the house. would not be
a good idea where the elderly or infirm
are involved since it could cause undue
anxiety.

LONG LIFE

The unit, together with battery, is built
in a small waterproof plastic case. No con-
nections are made to the lamp itself. An
ordinary box would be suitable if it could
be positioned so that rain water did not
fall on it. However, the specified one has
a "‘professional’’ appearance and is of a
type which could well be associated with
an alarm.

Power consumption is only about
400p.A on standby and the battery pack,
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Fig.1. Complete circuit diagram for the Safe and Sound intruder deterrent.

consisting of six alkaline AA cells, may be
expected to last for several months, even
allowing for a certain amount of operation.
There seems to be no reason why the user
should wish to switch the circuit off so no
on-off switch is provided.

The unit can be mounted on an outside
wall out of reach of any intruder, but it
should be where light from the PIR lamp
will reach a sensor on the side. It should
be positioned so that, at night, it receives
light from the PIR lamp only.

The prototype operates at more than 10
metres from the lamp, or at about the same
distance that a person must be to trigger it.
The unit may, therefore, be placed so that
it will sound when the intruder is directly
below it. The sound is emitted through a
hole on the underside of the box so the
buzzer will sound quite loud to someone
passing by.

Operation is inhibited above a preset
light level. Consequently, the unit will
not be triggered by random flashes of
light, such as flickering sunlight reaching
it through trees during daylight hours.

The operating time may be adjusted be-
tween about three and 30 seconds.

CIRCUIT
DESCRIPTION

The Safe and Sound circuit diagram is
shown in Fig.1. ICI is a dual operational
amplifier — that is, it contains two inde-
pendent CMOS op.amps, ICla and IC1b,
in a single package. This component has
been specially chosen for its very small
quiescent current requirement — [OOWA
approximately.

IC2 is a dual timer and is another
low-current CMOS device requiring about
100 A only. The first timer, IC2a, is

configured as a monostable, while the
second one, IC2b, is used as an astable.

Both op.amps are used as voltage com-
parators. The rule about these is as fol-
lows: if the voltage at the non-inverting
(+) input of either op.amp exceeds that at
the inverting (—) one, the corresponding
output will be high (near positive supply
voltage) otherwise it will remain low (near
0ov).

The inverting inputs of both op.amps
(pins 2 and 6) are connected to a common
potential divider consisting of resistors R3
and R4. Since these have the same value,
the voltage at the inverting inputs is one-
half that of the supply — that is, about 4-5V.

Considering ICla, this has its non-in-
verting input, pin 3, connected to a fur-
ther potential divider. This is comprised of
resistor RS in the upper arm, and R6 and
R7 together with preset potentiometer VR2
in the lower arm.

With VR2 adjusted to minimum resis-
tance, the total resistance in the lower arm
will be equal to that in the upper one. The
voltage at pin 3 is then the same as that at
pin 2. With VR2 increased, the resistance
in the lower arm will exceed that in the
upper arm and the voltage at pin 3 will be
greater that at pin 2.

As a result, ICta will have its output pin
1 high. Copsequently, l.e.d. (light-emitting
diode) D1 will be turned on, with its cur-
rent limited by resistor R10.

MORE DIVISION

There is another potential divider,
formed between resistor R1 and preset
VR in the upper arm, and light-dependent
resistor (1.d.r.) R2 in the lower arm.

As the intensity of light falling on the
l.d.r. increases, its resistance falls and so
does the voltage at the junction with
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R1/C1. Slow changes in the light level
have no effect because capacitor C1 blocks
the gradual voltage variations.

However, Cl passes on any sudden
change. Thus, a rapid rise in the illumina-
tion of the light-sensitive surface of the
L.d.r. results in a fall in its resistance and a
sudden drop in the voltage at R1/C1.

This change results in the voltage at
IC1a pin 3 falling momentarily below that
at pin 2. Consequently. the output at ICla
pin 1 goes low and led. D1 becomes
switched off until the inputs stabilize at
their previous states, which takes about
one second.

This sudden low transition is passed by
capacitor C2 to the monostable, IC2a, “at
its trigger input pin 6. This causes the out-
put, pin 5. to go high for a preset time, and
then revert to low.

The time during which it remains high
depends on the values of resistor R14, pre-
set VR3 and capacitor C4. With the values
specified, the shortest period (with VR3
set to minimum resistance) is about three
seconds. With VR3 adjusted to maximum
resistance, it is about 30 seconds, depend-
ing on the tolerance of C4.

Note that the trigger input is normally
held high (in the absence of a low pulse)
via resistor R12, and this prevents false
operation. Assume for the moment that pin
4 (reset input) is high so that the monos-
table is enabled. This will be explained in
more detail later.

RAPID STREAM

With 1C2a output pin 5 high, IC2b pin
10 (reset input) is also held high and this
enables its astable mode. lts output pin 9
thus generates a stream of pulses and these
cause the buzzer, WD, to emit a series of
rapid bleeps.
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When the monostabie IC2a times out, its
pin 5 goes low, and so does IC2b pin 10.
Consequently, astable IC2b is now main-
tained in a reset condition and the buzzer
stops sounding.

The astable rate is set by resistors R15,
R16 and capacitor CS. There is no adjust-
ment provided because the rate is not
thought to be particularly important. With
the components specified it will be about
3Hz - that is, it will generate about three
pulses per second. A higher rate could be
obtained by reducing the value of CS5, and
vice versa.

CHANGED
BEHAVIOUR

However, the behaviour of the circuit is
modified by op.amp IClb. This has its
non-inverting input (pin 5) connected to
the ld.r. via Cl. Under daylight condi-
tions, the resistance of the 1.d.r. is less than
the combined total of VR1 and R, so that
the voltage at pin 5 will be less than that at
pin 6.

The op.amp will then have its output
pin 7 low. This low state is blocked by
diode D3 and has no further effect. The
reset input, pin 4, of IC2a is then main-
tained in a low condition via resistor R13.
This disables the monostable so that, in
the event of a trigger pulse arriving in the
manner described above, the op.amp will
not change its output state.

When the light level falls below the
threshold set by preset VR, the resistance
of the l.d.r. rises above that of VRI plus
R1 and the voltage at ICIb pin 5 then
exceeds that at IC1b pin 6.

The output at IC1b pin 7 then goes high
and le.d. D2 turns on, with its current
limited by resistor R11. This high state is
passed though diode D3 to IC2 pin 4, so
enabling the monostable and making it
capable of being triggered. The exact point
at which this happens depends on the
setting of preset VRI1.

If the PIR floodlight comes on, the light
reaching resistor R2 causes IClb output
pin 7 to go low again immediately. Nor-
mally, this would disable the monostable
and no pulses would be given. The pur-
pose of capacitor C3 is to prevent this
effect.

While ICIb pin 7 is high, C3 is kept
charged. When it goes low, C3 briefly
maintains IC2 pin 4 in a high state, so
allowing the monostable to operate. C3
now discharges slowly through resistor
R13 and, with the values specified, enables
the monostable for about as long as its
maximum timed period, as set by VR3,
R14 and C4.

Diode D3 prevents C3 from discharging
by sinking current back into IC1b output
pin 7 when the latter is low. Note that the
period during which IC2a pin 4 is kept
high is about the same as the maximum
monostable timing. It will, therefore, allow
the monostable to time-out, no matter how
long the period has been set for.

POSITIVE FEEDBACK

Resistors R8 and R9 apply a little
positive feedback to op.amps ICla and
ICIb respectively. This sharpens the
switching action at the critical level. Thus,
the op.amp outputs will always operate
“‘cleanly’” with no dithering at the
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Fig.2. Printed circuit board component layout and full size underside copper foil
master track pattern for the Safe and Sound unit.

threshold value which could cause false
operation.

One consequence of this is that the light
level will need to rise a little more in the
moming to disable operation than was
needed at night to enable it.

Diode D4 provides protection in case
the battery has been connected with incor-
rect polarity. It also lowers the supply volt-
age by its forward voltage drop of approxi-
mately 0-7V. This reduces the supply to
about 8-:3V maximum.

Retuming to the le.d.s, DI will nor-
mally be on, but will go off momentarily
when the l.d.r. experiences a sudden in-
crease in illumination. The other l.e.d., D2,
will normally be off but will come on and
remain on when the ambient light falls
below the preset level.

The l.e.d.s are used purely for testing
and setting-up purposes. Since they would
draw an unacceptable amount of current if
left there, they are disconnected once the
circuit has been set up ready for use.

Since the voltages at the op.amp in-
puts are all set by potential dividers, as
the supply voltage falls, all operating
points will be reduced in sympathy. Their
relative states will therefore remain un-
changed. This means that the circuit will

continue to operate correctly as the bat-
tery ages. However, if the battery voltage
falls below about 6V, the buzzer will
probably not be loud enough for service
and then the battery will need to be
replaced.

The quiescent current requirement of the
circuit determines the maximum possible
battery life. This is related to the current
needed for the i.c.s and the continuous cur-
rent flowing through the potential dividers.
The resistors here have very high values
and the current drain is small.

The current flowing through the poten-
tial divider containing the l.d.r. depends
on the preset adjustment of VRI and the
amount of light falling on the 1.d.r.

When mounted in the box, the ld.r.
should be placed behind a waterproof sed
cover. This cuts down the amount of am-
bient light reaching it and its resistance
will, therefore, be higher than would other-
wise be the case.

In practice, VRI will probably be set to
maximum resistance so the current flow-
ing through this potential divider will be
very small — some 60pA during the day.
At night, it will fall even lower since the
l.d.r. will now have an exceptionally high
resistance.
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CONSTRUCTION

Construction of the Safe and Sound sys-
tem is based on a single-sided printed cir-
cuit board (p.c.b.). lts topside (component
view) is shown in Fig.2, together with the
underside copper foil master track pattern.
This board is available from the EPE PCB
Service. code 179.

Begin by soldering the two link wires
in position. Next add all the resistors.
Resistor R8 has an unusually high value,
100MQ2. These are not widely available
and, if necessary, two 47M(Q resistors con-
nected in series may be used instead.

Next mount diodes D3 and D4, ensur-
ing their correct polarity. Now mount the
capacitors, ensuring correct orientation of
the three electrolytic ones, C3, C4 and C6.

Solder the l.e.d.s in position: the slightly
shorter lead is (normally) the cathode (k).

Follow with the i.c. sockets and preset
potentiometers.

The polarity of the buzzer must be

COMPONENTS

Resistors

R1 22k

R2 ORP12 or similar fight

dependent resistor

R3, R4, RS  6M8 (3 off)

R6 5M6

R7 M2 ee

R8 100M

—seetext TAl
R9 220kSee *TALK

R10, R11 6801) (2 off) Page
R12, R13 1M (2 off)
R14, R15 100k (2 off)
R16 10M
All 0-25W 5% carbon film, except R2
Potentiometers
VR1 100k preset, min. vert.
VR2, VR3 1M preset, min. vert.
(2 off)
Capacitors
C1,C2 100n polyester, 5mm
pin spacing (2 off)
C3.C4 22y radial elect. 16V
(2 off)
C5 22n polyester, 5mm pin
spacing
Ccé6 470u radial elect. 16V
Semiconductors
D1, D2 red l.e.d. (2 off)
D3, D4 1N4001 rectifier diode
(2 off)
IC1 ICL7621 dual op.am,
IC2 ICM7556 dual CMO:!
timer
Miscellaneous
B1 AA size alkaline cells
(6 off)
WD1 piezo buzzer, p.c.b.

mounting (see text)

Printed circuit board, available from
the EPE PCB Service. code 179; bat-
tery holder and connector; panel-mount-
ing neon indicator (see text); rubber
grommet; 8-pin d.i.l. socket; 14-pin d.i.l
socket; waterproof plastic case, 100mm
x 100mm x 50mm; adhssive fixing
pads; solder; connecting wire, etc.

Approx Cost
Guidance Only

£17

excl. batt.

observed or it will not work — the positive
lead is clearly marked on the body. Extra
pads on the p.c.b. allow for a second
buzzer to be used in parallet with the first,
mounting it remotely in some other part of
the house. If this is done low power
buzzers should be used.

Solder the Ld.r. using the full length of
its leads. These should be sleeved using
pieces of insulation from a spare bit of
mains cable. This will enable the device to
be moved relative to the circuit panel so
that it takes up its correct position behind
the plastic cover.

Solder the battery clip wires to the
points marked **+9V'" (red) and OV’
(black). For testing, it would be wise to
place a piece of self-adhesive tape over the
hole in the top of the buzzer to reduce the
sound output.

Insert the i.c.s into their sockets with
the correct orientation. These are both
CMOS components and. as such, are liable
to damage by static electricity charge.
Touch something which is earthed before
handling the pins.

TESTING

The p.c.b. should now be checked for
correct operation before proceeding. First,
though, thoroughly check all your solder-
ing and positioning of components.

Adjust VR2’s wiper to approximately
mid-track  position. This provides a
medium sensitivity which will probably
work well in practice. Adjust VRt fully
anti-clockwise (as viewed from the edge of
the p.c.b.). This is probably how it can
remain. Adjust VR3 fully clockwise (as
viewed from the top edge of the p.c.b.) to
give minimum timing.

Connect the battery. Point the L.d.r. at a
window or light bulb and cover it with
your hand. Quickly remove your hand and
note that Le.d. DI goes off for about one
second.

Stick a piece of Blu-Tack or Plasticine
over the I.d.r. window so that light is totally
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excluded. Check that l.e.d. D2 comes on
and remains on. Note. however. that it may
take several seconds to respond.

When the ld.r. is now suddenly un-
covered. the buzzer will begin bleeping for
a few seconds. providing there is sufficient
light in the room. Note that it is not good
enough to place a finger over the Ld.r. to
cxciude the light because this will prob-
ably still allow sufficient light to reach the
sensitive surface and prevent the test from
working.

When satistied that the circuit operates
correctly. cut one lead of each le.d. and
separate the cut ends to prevent them from
working. Cut the lcads in such a way that
they can be repaired again if this proves
necessary in the future.

CASING THE P.C.B.

It is advisable to usc the specified
waterproof case since this will prevent the
ingress of rain water. followed by sub-
sequent corrosion and malfunction of in-
ternal parts.

Place the p.c.b. inside the case with the
correct orientation — the Ld.r. should be at
the side facing the PIR lamp position. The
rear edge of the p.c.b. should be engaged
with one of the slots on the rear wall of the
case.

File the comers of the p.c.b. as neces-
sary to allow sufficient clearance for the
lid to fit. Remove the p.c.b. again and drill
the hole in the side of the box for light to
rcach the Ld.r. This must be covered with
a transtucent material so that it is made
waterproot” and, at the same time, given a
professional appearance.

For the prototype. the lens end of a red
mains-type ncon indicator was used as the
lens. The body was cut through to leave
about 4mm of threaded end which was
used to secure it through the hole. If it is
cut carefully. the neon tube inside may be
saved for future use.

The hole should be made a tight fit for
the body and a little waterproof adhesive
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applied around it before tightening the nut.
With the circuit panel in place again, bend
the 1.d.r. leads so that this component takes
up a position directly behind the lens.

Measure the position of the buzzer,
remove the p.c.b. and drill a hole directly
below it. This should be of such a size that
it will accept a rubber grommet having an
8mm diameter hole. This gives a neat finish
and discourages water from creeping inside.

Attach the battery holder using a piece
of thick cardboard with protrusions which
will engage with slots in the back. Ad-
hesive fixing pads on the side opposite will
provide additional support. The p.c.b. may
be secured by applying an adhesive fixing
pad to the point where it enters the slot on
the back of the box.

GETTING ENGAGED

The unit may be mounted on the wall
in the chosen position using two long
masonry nails 90mm apart. These should
protrude from the wall by about 25mm. so
that they engage with the recesses in the
rear of the box. This avoids having to drill

holes in the case with the possibility of

water entering.

If there is any extraneous light at night,
such as from the security light on a nearby
house, it will be necessary to re-position
the unit. Alternatively. try fitting a short

Securely mounted!

tube 1o the end of the sensor to exclude all
light apart from that from the PIR lamp.
If the sensitivity needs to be altered. ad-

just preset VR2 accordingly — clockwise

rotation (as viewed from the left-hand side
of the p.c.b.) reduces the sensitivity.

If the level of light at which the unit
begins to respond needs to be changed,
clockwise rotation of VRI's wiper will
cause it to operate under lighter conditions.

Leaving the setting as it is, the circuit wiil
begin to respond when it is almost dark
and the current requirement will then be
minimised.

Preset VR3 may now be adjusted for the
required timing for the buzzer-on period.
Remove the tape from the buzzer!

If a subsidiary buzzer is to be used,
make the connection to the p.c.b. via a 2A
screw terminal block and two short link
wires. The terminal block may be placed
in the battery section of the case.

Drill a tight hole for the wires to pass
through the case and seal it using a
waterproof sealant or tight rubber grom-
mel. The wires which lead to the buzzer
may be of any light-duty twin type and
may be of any reasonable length. Light-
duty loudspeaker wire would be ideal
because a stripe on one of the wires
indicates the polarity.

The remote buzzer may be mounted in a
small plastic box and secured to the wall.

Under damp conditions, a film of
moisture could form on the p.c.b. and
cause erratic operation, although no such
problems were experienced with the
prototype unit. However, if it occurs, it
could be cured by spraying both sides of
the p.c.b. with a very light coating of
silicone grease or water-repellant varnish
from an aerosol.

ELTTH ({TALK]

with David Barrington
Safe and Sound

Most of our component advertisers should be able to offer
the ORP12, or its equivalent, light dependent resistor needed
for the Safe and Sound project. The 100 megohm resistor (R8)
was ordered from Electromail {2 01536 204555), code 158-222.
Alternatively, two 47M resistors in series will do the job (Maplin
“"high voltage” types, code V47M - these may come in packs of
5+ (latest cat. not received}).

The main buzzer also came from the latter company, code
KUS6L. If a subsidiary buzzer is also to be used, then both should
be low-current types, code KUS8N. The printed circuit board is
available from the EPE PCB Service, code 179.

Active Microphone

No problems should be encountered with the Active
Microphone, except perhaps the electret mic. insert (see text).
You could try one of Maplin’s omni-directional range, code
FS43W (Sub-min.} or QY62 (Ultra-min.).

Stick to the BC184L transistor, other prefixes have alternative
pinouts.
Car Immobiliser

The main criterion regarding components for the Car Immobi-
liser is in obtaining the correctly rated relays and a suitable 6mm

switched jack socket. The designer informs us he obtained his
from Maplin, relay codes DC80B (12V 1A} and JM67X {12V 10A),
and jack socket BW8OB. Please heed the warning about wire
current ratings.

The Car Immobiliser printed circuit board is available from the
EPE PCB Service, code 175.

Mini Organ

If the specified {(Maplin KC93B) box is used, the loudspeaker
for the Mini Organ must not exceed 38mm dia. or 177mm depth.
The one in the model also came from the above company, code
WBOA4E. The rest of the components should be readily available.

Teach-In "98 Part 2

Just a few components are needed for Teach-In ‘98 Part 2,
plus you will also require,a digital multimeter, a power supply
and a breadboard as recommended in the text.

Greenweld are putting together a pack of all the recom-
mended items including the multimeter and p.s.u. These will be
offered at a special price, post free if you spend over £10.
Contact them on & 01703 236363, Fax 01703 236307 or by
writing to them at 27D Park Road, Southampton, SO15 3UQ.

Maplun can also supply all the items. Their order code for
these is HB99 and they will include a free copy of their new
catalogue. Hobbyists will find the catalogue an invaluable source
of components, tools, test gear etc., as well as information.

Squires have told us that they can supply a set of tools for
those following Teach-In, they are at The Oid Corn Store, Ches-
sels Farm, Hoe Lane, Bognor Regis, West Sussex, PO22 8NW.
Tel/Fax 01243 587009.

Quad speed Toshiba 1/3rd height SCSI cd-rom
drives each. 6 for £10¢
1 meg 30-pin panty simms. .£3.75 each. 4 for £12
4 meg. 30-pm panty simms......£13 each. 4 for £50
Tndent 512k video cards €12 each
Trident 1mb VLB video cards £20 each
Future Doman SCSI | controller cards ...€15 each
Internal VGA leads
Sim isle on cd-rom £
10 memory BT approved phones.......... £7.50 each
BT approved phone and answer machine £20

12V dc. motor. 13.000 r.pm
180mA tl each. 10 tor £8
6V d c. motor. 1.200 r p.m 600mA

£1 each. 10 for £8

9vVdc motor. 13.000 rpm 460mA
€1 each. 10 for £8
10:5V d.c motor. 9,000 rp.m
£2.50 each. 10 for £20 220mA £1 each. 10 for £8
5 | S.M. P.S.U.mans input. +52V 6A. +24V 0-5A,
+24V 5:5A outputs £6 each

12V d.c. 200 r.p.m. geared molor
£1.50 each, 10 for £12
220V 1500 r.p.m. geared motor
26 each. 10 for £50
7V-12V d.c. motor, 4/6000 r.p.
700mA-1450mA 24 each. 10 for £30

3 muxed component pack €495 | QUANTITY DISCOUNT'? AVAILABLE

Jumbo component pack £10

250 off mixed capacitors £495 | We aiso buy all forms of electronic

f%’g"’ ;ﬁ‘;‘é“g&amm t;gé components, p.s.U's. disk drives etc.

20 oft mixed crystats/iers €895 Lists to below address

25 oft mixed relays £3.50 ALL PRICES INCLUDE V.A.T.

Brand new 360k 5'4" floppy drve . £450 PLEASE ADD £2.00 p&p EXCEPT

5% 1o 3% floppy dnve ITEMS MARKED * WHICH ARE 50P.
converter leads £150" SAE FOR BULK BUYING LIST

1:2MB 5% floppy dnve £10 PAYMENT WITH ORDER TO.

Dept EE, COMPELEC,

14 Constable Road,
St. lves, Huntingdon,
Cambs PE17 6EQ
Tel/Fax: 01480 300819
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N. R. BARDWELL LTD (EPE)

Assid capacitors 1nF to 1uF

disc ceramic capacitors

Skel Presets (sm stand cermel)
RF chokes (inductors}
grommets

s"k!e' 'aq«, pconns. terminais

100 Signal diodes 1N4 148 8

75 Rectiier Diodes 1N4001 £ ?(‘ 200

50 Rectier Diodes 1N4007 €100

10 W01 Bridge Rectifiers

S NESS5TimerICs

4 741 Op Amps

50 Assoried Zener Diodes 400mwW

12 Assorted 7-segment Displays

25 S5mmleds red green or yellow

25 3mmileds.red green or yellow

50 Axalleds, 2 red Diode Package

25 Assid High Brghtness e d s var cols

20 BC182L Transistors

25 BC212L Transistors

30 BC237 Transistors

20 BCJ27 Transisiors

0 BC328 Transistors

30 BC547 Transstors

30 BCS548 Transstors

3 BC549 Transistors

25 BCSS7 Transstors

30 BCSS58 Transstors

30 BCSS9 Transistors

20 2N3904 Transistors

100 50v wkq Axual Capaciors inf

100 S0v wkg Axial Capacitors 4N7

100 50v wkg sub-miniature Capacnors a3nt

100 Radwal Film Capacitor 00

12 lut 250v encapsulaled rad»al plastc casod
capaciors €10 ; 1
AsStd Capachors electrolytic- S Vb site e

Ass ches
Mnmature shde switches spco
Standard side swiiches dpat
30 Assid if transiormers £1
100 Asstd beads (ceramc, tefion, tish spme| £1.00
80 Asstd small stand ofs 1throughs efc X
30 Asstd dil sockets up 10 40 way
10 TV coax plgs. plastic
e Small spring loaded terminals
40  metres vevy thin connecting wwe. red
0 1n glass reed switches £1.00
2 Magnem ear pvs with tead and plug £r00
100 Any one value '«W 5% cf resistors range
1R10 10M £045

Prices include VAT, postage £1.25. 31p stamp for Lists
288 Abbeydale Road, Sheffield S7 1FL
Phone (0114) 2552886 Fax (0114) 2500689
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Data Acquisition
Virtual Instrumentation

L Da:aIAN::qu'itsit!on
‘Pico’s Virtual Instrument is
the most powerful, flexible

test equipment in my lab.’

Pico's virtual instruments emulate the |
functions of traditional instruments such
as Oscillscopes, Spectrum Analysers
and Multimeters. Controlled using the
standard Windows interface, the
software is easy to use with full on line
help.

Environmental Monitoring P

‘Pico’s PC Converters
monitor and record

temperature and humidity’.
EnvinaMon

Temperature /| Humidity
Logger & Alarm System

EnviroMon has many applications in: ‘
. food processing - storage

and distribution, energy
management - waste energy,
heating and processing,
agriculture - monitoring \
humidity in greenhouses, and

in hospitals - accurate
monitoring of temperature }
sensitive items.

¥ Monitors up to 30 channels of
temperature over a 400 m. distance.

¥ -55 to 1009C temperature range

‘ (typical accuracy +0.2°C).

V¥ Data can be downloaded to PC.

EnvinoMon
Starter Kit from £393.00

3 temperature Sensors on 5m lead, 3 channel
| Converter, Enviromon Logger, cables & fittings.
Expandable at any time for around £50 / channel

TC-08
8 channel Thermocouple
to PC Converter
Simple to use thermocouple to
PC interface.
V¥ Connects to serial port -
no power supply required.
V¥V Supplied with PicoLog data
logging software.
¥ Resolution 0.1°C.

TC-08 £199.00

Supplied with serial cable and adaptor.
Calibration certificate £25.00.

ADE-200

Dual Channel High Speed

¥ 100, 50 or 20 MS/s sampling.

V¥ 50, 25 or 10 MHz spectrum analysis.

V¥ Advanced trigger modes - capture
intermittent one-off events.

V¥ Less than half the cost of a
comparable benchtop scope.

ADE 200-700 £549.00
ADE 200-50 £499.00

ADC 200-z0 £359.00
Supplied with cables and power supply.

ADE-100

Dual Channel 12 bit resolution ‘
The ADC-100 offers both a high
sampling rate 100kS/s and a high
resolution. Flexible input ranges
(£50mV to +20V) make the unit ideal for
audio, automotive and education use. ‘

|

Thermocouple probes available. ';z ﬁfo S,c fpi aoftware £199.00
TH-03 3 channel with PicoScope & PicoLog software £21 900
Thermistor to PC Converter

| ¥ Connects to serial port - ADC-40/42

no power supply required.
PicolLog data logging software.

v
¥ -55 to 105°C temperature range
¥ Resolution 0.01°C.

TH-03 £79.00

Supplied with serial cable and adaptor.
Thermistor sensors available.

_ call for free demo disk
\ﬂ or download our web site:
http://www.picotech.com
All prices exclusive of VAT.
Broadway House, 149-151 St Neots Rd,
Hardwick, Cambridge. CB3 7QJ UK

Tel: (0)1954 211716 Fax: (0)1954 211880
E-mail: post@picotech.co.uk

Single Channel - low cost
V¥ 20 kS/s sampling.

¥ 10 kHz spectrum analysis.
¥ =5V input range.

ADE-40 8 bit resolution  £59.00
ADE-42 12 bit resolution £85.00

call for free demo disk
-— \ or download our web site: |

\j http://www.picotech.com

All prices exclusive of VAT,
Broadway House, 149-151 St Neots Rd,
Hardwick, Cambridge. CB3 7QJ UK
Tel: (0)1954 211716 Fax: (0)1954 211880
E-mail: post@picotech.co.uk J
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New Technology

ATTERIES often seem like old hat
Blechnology, but with the greatly in-
creased use in everything from battery
powered children’s (and adult’s) toys to
mobile phones and lap top computers,
batteries are big business. Consequently,
many manufacturers are competing for
their section of the market, with the result
that new technologies are being intro-
duced, and older ones are being refined
even more.

In recent years, new battery tech-
nologies such as Nickel Metal Hydride
(NiMH) have become far more common,
and others like lithium ion now have a
respectable share of the market. But these
are not the only technologies to be
progressing.

Some of the more established tech-
nologies are being improved and new ones
are arriving on the horizon or filling new
niches of the market. All of these develop-
ments mean that battery technology is
keeping up with the pace of the electronics
industry in order to meet all the require-
ments being placed upon it.

There are a number of requirements
being placed upon battery manufacturers.
Size is an obvious constraint. Cellular
phones are becoming ever smaller. In
Japan, phones are even smaller than many
on the market in the West. To enable
these phones to operate satisfac-
torily, they must have batteries of

Battery technology is developing to meet the increasing
demands of consumer equipment, particularly in the area of
rechargeable alkaline manganese cells — lan Poole reports

Like the existing primary or non-
rechargeable cells, this is largely depend-
ent upon the load placed upon it
Self-discharge, a feature which is par-
ticularly important with rechargeable cells,
is very low, only about 0-02 per cent per
day, compared with about one per cent for
a NiCd and as high as three per cent for a
NiMH cell.

The life of the cells is considerably less
than the established rechargeable cells. A
maximum of around 200 charge/discharge
cycles is expected, although 25 is said to
be typical, and a minimum of about ten.

Although the life is not nearly as great
as for a NiCd cell, the price is much less.
This will make them very attractive for
use in electrical items such as toys, photo-
graphic flash guns, radios and the like.

Chargers will be available for the cells.
However, they are not the same as those
used for NiCds, or those which claim to
recharge alkaline primary (non-recharge-
able) cells.

It will be interesting to see if these cells
find a major sector of the market. The
price seems to make them very attractive,
but the additional cost of a charger, and
the existence of established technologies
like NiCds may make it a difficult struggle
to achieve a large amount of the market
share.

capable of holding a charge of around
20mAh or more. Furthermore, they must
be rugged, and able to withstand the
treatment they are likely to have to endure.
A wide temperature range is essential as
smart cards may be left in cars where
temperatures can fall to —20°C or less in
winter in some areas and up to +70°C at
the height of summer.

Another requirement for many batteries,
and in particular those used for labels, is
that they should be flexible. This rules out
many of the more familiar technologies
forcing new ideas to be adopted for many
situations.

Lithium Polymer

One idea finding favour for many
smart card applications is the new lithium
polymer technology. This is based around
the lithium cell, which is beginning to find
favour in a number of the more conven-
tional applications, but it uses a polymer
electrolyte.

The cell voltage is about 3V, which
is ideal for many applications. The cell
from one manufacturer is also mechani-
cally robust. It can tolerate a bend radius
of around 100mm and can operate over a
temperature range of —20°C to +75°C.
Shelf life is also important, and this is said
to be around ten years.

Other techniques are also
being investigated. One example

comparable size and sufficient

capacity.
Another requirement is that
they must be competitively

priced. Many batteries enter the
consumer market where price is
of paramount importance. Evén
in the professional field, there are
many suppliers of batteries and
this high degree of competition
ensures that prices remain as low
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is a platinum silver cell which
uses some advanced techniques
in its manufacture. Silver is
vacuum deposited onto a quartz
substrate to create the first
electrode. Next this is exposed to
iodine vapour in a vacuum, to
create a thin film of silver iodide
which acts as the electrolyte. The
second electrode is created by
sputtering this structure with

as possible.

Rechargeahle Alkaline

Over the years, a number of systems
have been described for recharging ordinary
primary batteries. This is not a process
recognised by the battery manufacturers,
many of whom state that it is dangerous.
However, a new alkaline cell has been
developed which is actually intended to be
recharged. Although details about the exact
internal chemistry are being kept secret,
some details are available.

Called a rechargeable .alkaline man-
ganese (r.a.m.) cell, it has many of the
characteristics of the familiar primary
alkaline manganese cells (see Fig.!). It has
the same terminal voltage and a similar
charge capacity, about 1-5Ah against 2Ah
for a typical AA cell.

828

Fig.1. Construction of a rechargeable
alkaline manganese cell.

Flat Batteries(!)

Another area for development which
is receiving a lot of attention is in the
development of flat or thin batteries. There
is a rapidly growing market for batteries
for use in applications such as smart cards
and a number of other innovative applica-
tions. One of these is for intelligent labels.
These are likely to be used in the phar-
maceutical industry for accurate monitor-
ing and data capture.

These wafer thin batteries have to be
less than Imm thick and often under
0-5mm. In addition to this, they must be

platinum.

In due course, it is likely that batteries
will be available in some totally new for-
mats capable of being used in applications
which could not have been conceived until
recently.

In addition to this, other developments
are taking place in the more traditional
areas. It is expected that Lithium ion (Li-
ion) cells will be the dominant secondary
or rechargeable technology for the future,
displacing NiCd and NiMH cells.

Although Li-ion cells are still being
developed, their performance has reached
the level where significant numbers of
them are being manufactured, particularly
in Japan, and it is expected that production
will start in many other areas before long.
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Looks like Quickroute 4.0
has Got the Lot!

Simulation, Schematic Capture, PCB
AutoRouting & CADCAM Support for just £79**
Announcing Quickroute 4.0! Now all versions of Quickroute 4.0 have
the full range of great features you've come to expect from Quickroute
including a FREE integrated mixed mode simulator, plus a new modern
user interface with active buttons, a fast new symbol browser, and
dockable tool bars. The only difference now between the various

versions of Quickroute is the size of design you can create.
("4

Best of all, you can now try Quickroute 4.0 with complete confidence
because all orders are covered with our 30 day money back
guarantee®. Simply fill in the coupon and fax, mail (FREEPOST address
below) or FREEphone 0800 731 28 24 to place your order. ® Multi-sheet schematic capture

Yes, | would like to order (please tick box) ® Power rail & Data bus support

Quickroute 4.0 (max 300 pins) at £99.88 inclusive
Quickroute 4.0 (max 800 pins) at £182.13 inclusive

® New user interface with
dockable tool bars

® Analogue+Digital Simulation

Quickroute 4.0 (full access) at £299.63 inclusive ® PCB Design with Autorouter
Quickroute 4.0 Information Pack (free)
Inclusive price includes U.K. post & packing & V.A.T. ® C o p p er f| 00 d fi ”

My payment choice (please tick box)

| enclose a cheque payable in U.K sterling for £
Please debit my Visa/Mastercard/American Express/Switch* card (‘please delete) ® CAD/CAM im port an d export

Card No. Expiry

® Netlist import and export

® WMF, DXF & SPICE file export

Signature

i -

® Engineering Change

FREEphone 0800 731 28 24 Rof 403

Quickroute Systems Ltd FREEPOST NWW13136 Stockport SK4 1YR.
FAX 0161 476 0505 FREE Demo on WEB http:\\www.quickroute.co.uk

':f '{ﬂ
QUICKROUTE

() 1997 Quickroute Systerns Ltd. All rights reserved. Quickroute Systems Lid Regent House Heaton Lane Stockport SK4 1BS UK. Tel 0161 476 0202 Fax 0161 476 0505
Specifications and prices are subject 1o change without notice. **Price quoted excludes post & packing and VAT
*Refunds are only issued if you contact Quickroute Systems Ltd within 30 days of receiving your copy of Quickroute 4.0
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A top of the

range PC*

In our easy to enter
competition!

X
-

-

- ¥4 this issue:
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ERS s 1 Flatbed Scanners

'.OW-QQ“ Mo"ilou A
DiMmMm M(mory
Laser Printers o
and Much More...
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& PC SPECIFICATION

The Winter 97/98 Edition brings you:

P> Our most comprehensive selection of Computer equipment ever,
including all the latest CPU's, the fastest CO-ROM's, new ranges of
Scanners, Printers, Motherboards, Graphic & Sound cards etc. etc.,
extending our range of PC components and accessories at unbeatable
prices.

“ @DI PCI TX 572k Cache Motherboard

* INTEL Pentium 233MH:z Processor

+ 32MB EDO RAM

* 3.8GB Hard Disk Drive

* 15" CTX Super SVGA Digital Colour Monitor
* 16 Speed CD-ROM Drive

* SoundBlaster AWE-64 Sound Card

* 240 PMPO Surround Stereo Speakers

* MATROX Mystique 220 2MB Graphics Card
* Mini Tower Case

* 1.44MB Floppy Disk Drive

* Windows 95 Keyhoard

* Windows 95 - Release II

* Three-Button Mouse & Mat

P> £25 worth discount vouchers.

P> 208 Page main Catalogue, plus 32 Page full Colour Computer
Catalogue, incorporating 2€ Sections with over 4000 Products from
some of the Worlds Finest Manufacturers.

P> Available at WH Smith, John Menzies and most large newsagents, or
directly from Cirkit.

Built from Cirkit's top quality PC components.
Total Value: Approx. £1300.00 inc VAT
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P> Published 24th October :-

Cirkit Dlstl'l Ltd

Park Lane - Broxbourne - Hertfordshire - EN10 7NQ Tel: 01992 448899 - Fax: 01992 471314
Email: mailorder@cirkit.co.uk - Web-site: hitp://www.cirkil.co.uk/cirkit




Requiar Clinic

CIRCUIT
SURGERY <=

ALAN WINSTANLEY f

lan Bell of the University of Hull lends a hand at the surgery and con-
cludes his run-down on digital counters. We help with a transistor sub-
stitute and update you on the ‘‘Art of Electronics’’.

CIRCUIT SURGERY is our monthly
column which discusses a variety of
readers’ queries and problems related to
electronics. We attempt to resolve points
arising, and pass on technical tips and
design hints. Ian Bell of the Department of
Electronic Engineering at the University of
Hull continues his authoritative discourse
on the application of digital counters.

We hope lan's input will help broaden
the scope of the column, also. as we
are receiving much more feedback from
higher education than ever before — and
thanks to our well-established Internet
presence — from further afield, too!

An American Dilemma

This month we start with a query from
an American reader which highlights a
few basic differences between European
and American nomenclature and circuitry
“‘norms’’ which might cause confusion
amongst beginners. Toni Harter of Bran-
son, MO, USA writes via E- mail:

I'm new to all this and am trying to
build a circuit from the UK but have got a
few problems buying parts. Can you tell
me anything about the ZTX300 transistor
illustrated on Page 472 of the July 1997
issue of Circuit Surgery?

Is the pinout looking up from under-
neath? I'm trying to find a substitute be-
cause no-one has the ZTX300 over here. |
have a 2N3711. would it be any good? |
have a capacitor of 0-01nF here, it calls
for a 10nF there! Will it work?

Help!

Like all transistor pinouts, unless other-
wise stated. the ZTX300 pinout shown on
P. 472 is bottom view, i.e. from the under-
side looking up at the pins. There's noth-
ing special about this particular transistor,
except perhaps its useful current rating of
S00mA in a small package (the so-called
“‘E-line’” plastic package). It is a general
purpose small signal type, with plenty of
scope for substitution.

Unfortunately I don’t think the 2N3711
you have will be suitable as a replace-
ment. It has a collector current (1) rating
of only 30mA although it has a higher

gain, according to the data. Instead you
could try the 2N3704 which is good for
800mA collector current — better than
the ZTX300. It is produced in a TO-92
package with pinouts B C E when viewed
from the bottom. with the flat side point-
ing down.

Capacitor values are easy to understand
once you have a little experience. We
don’t print values containing decimal
points, because these can often reproduce
badly during printing or photocopying, so
that there is a danger of values
being misinterpreted. We state smaller
capacitance values using nanoFarads.
which is common practice in Europe.

To convert from microFarads (nF) to
nanoFarads, simply move the decimal
point three places to the right.

0-0001 uF = 0-1nF

0-001uF = InF
0-011F = 10nF
0-1F = 100nF

Then we would usually draw 1-.0pF as
1w, 2-2uF as 22, 10-0pnF as 10w and so
on, with the “‘mu’ symbol replacing
the decimal point. Similarly with resistor
values, we would print *‘2:2k’" (2,200
ohms) as 2k2, with the k representing the
position of the decimal point in the
resistance value, expressed in kilohms.
The same goes for megohms (millions
of ohms): a resistor value of 2M2 is
2.200.000 ohms.

This scheme might look a bit odd.
but it actually saves readers lots of
grief through accidentally misreading the
capacitor values printed in drawings and
components lists. Incidentally we are ai-
ways happy to try to resolve any simi-
lar queries by E-mail or post. if any
readers have problems concerning com-
ponent substitutions.

More Digital Counter Notes
lan Bell of the University of Hull con-
tinues with his analysis of digital counting
applications, something which we hope
will help answer many readers’ *‘counting
problems™ all in one go. J.J. Tarr of

Great Missenden. Bucks asks for a bit of
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help concerning his local Bingo club! He
writes:

In order to help out my local Bingo
club, I'm trying to develop a random
number generator. which has to be a six
figure type using a 4-inch display, and it
should be as bright as possible. It needs
to remain on until turned off, and | wish
to use a transformer if possible. Please
help!

Here are a few pointers which might
be useful. If you use something like an
ordinary 555 astable to clock a digital
counter at high speed (i.e. much faster than
humans can follow) and arrange a switch
to either disable the counter or gate the
clock off (see later), then the number in
the coynter when the switch is pressed will
be random; assuming the clock is constant
then each number has an even probability
of occurring.

Potential Problem

There is a potential problem if you
want to generate a large number this way,
though, because the most significant digits
(MSB) will change slowly. For example if
you clocked a 6-digit BCD counter at
1MHz then the 100.000s digit would only
be changing at a rate of 1/10 sec, and so it
would be possible to influence the out-
come somewhat, simply by looking at the
display.

You could blank the display during
counting, but if the most significant digit
changed slowly enough it may still be
possible for the user to have some control
over the number. Note that CMOS devices
can be clocked at higher speeds if you use
10V or 15V rather than 5V supplies.
Whatever you do the counters should
probably cycle completely in 1/10 to 1/100
sec to ensure they are not influenced by
human reaction times.

For very many digits it may be possible
1o use two counters with fewer digits
clocked from totally separate clocks at
different frequencies. But it is not as
simple as it seems. If one is an exact
multiple of the other some numbers will
not appear, or different numbers may

831



+12v

45V e——s

ov

a
) D1T0D5 J
L ¢ AEDLED
COUNTER

— d E
_

e

- f
=

~9g

Fig.1. Driving a giant-sized l.e.d. display using a transistor
buffer. The transistor used in this instance is a BC548.

have different probabilities. Any mathe-
maticians out there might like to work out
the conditions for getting a fair number
generator this way, and whether you
can really get an effective reduction in
cycle time. However, if the counters are
manually stopped (see later) at different
times their values will not be correlated
even if their frequencies are.

A quick check in a Maplin catalogue
highlights just the thing for the display in
the form of a common anode le.d. 4-
inch display (Cat. No. JX86T) made by
Kingbright; it’s actually formed of many
individual le.d. chips, all integrated into a
7-segment display. Such devices are not
cheap — your six-digit display would cost
£120 alone!

Giant L.E.D.

As an alternative, you could improvise
using ordinary Smm le.d.s wired in-
dividually to form *‘bars’’. These l.e.d.s.
cost as little as eight pence each (ESR
Electronic Components, Tel. 0191 251
4363). If five le.d.s were used for the
segments then a 7-segment 35-le.d. unit
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Fig.2. A mechanical switch can suffer from

“contact

bounce” which causes unwanted counts to be generated.

would cost under £3 (consider a bulk
surplus pack of le.d.s, too) although it
won't appear as sophisticated as a proper
4-inch device. Also consider buying high-
brightness types but these will be more
expensive.

Many chips only offer a milliamp or
two of output current, so it's necessary to
buffer this with a driver before you can do
any useful work. (A higher output current
may be available when a higher supply rail
is used.)

We actually had quite a discussion con-
cerning the best way to produce a giant-
size l.e.d. display feasibly. If you wire
the led.s in series, then they will re-
quire a relatively high drive voltage — say
10V forward voltage per S-le.d. ‘‘seg-
ment’’ though the current required may
only be about 20mA or so per segment,
and only one series limiting resistor would
be needed.

The trouble is that you would probably
notice major differences in illumination of
the individual le.d.s. Fig. 1 shows one

+VE SUPPLY

suggestion, with a higher drive rail being
used for the display. If you wire all five
l.e.d.s in parallel, a lower drive voltage
will be needed along with a greater drive
current. It would then also be best to use a
series resistor for each le.d.. which is
likely to be over-elaborate.

Counters as Timers

and Frequency Meters

If the clock to a counter is set at a
particular frequency (such as | pulse per
second) and the counter has an *‘enable’’
control or ‘*clock gate’, then the count
value (assuming the counter started at
zero) represents the time period for which
the counter was enabled (in this case in
seconds). The accuracy of the timing
depends on the accuracy and stability of
the clock frequency. This however lends
digital counters to performing a variety of
tasks.

If a counter is enabled, or the clock is
gated on for a set period of time, then the
count value is related to the frequency of

l +VE SUPPLY
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Fig.3. A switch debounce circuit can be made using a Set-

Reset (S-R) fijp-fiop.
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SWITCHED
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Fig.4. Switching a clock signal can cause both ‘“glitches”
and bounce problems. To overcome these kinds of side

effects, it is advisable to use a synchroniser circuit.
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the clock. For example, if a counter is
enabled for one second then the count
value will display directly the frequency in
Hertz (Hz). so long as the counter has
not overflowed (or cycled round multiple
times). and the clock cycle is shorter than
half the enable period.

For accurate measurement there should
be many clock cycles during the enable
period. The accuracy of the measure-
ment depends on the accuracy of the
timing of the enable period. If the fre-
quency varies the count will reflect a
sort-of average value of frequency over
the enable period.

It would seem a simple maiter to con-
nect a switch to a counter input (Fig. 2)
in order to count the number of times a
switch is pressed. However, if you do this
you will probably find that the counter
steps by more than one (and a varying
amount) each time the switch is pressed.

This is because mechanical switch con-
tacts often **bounce’’, making and break-
ing the contact over a period of a few
milliseconds, before coming to rest. Digi-
tal circuits can easily detect rapid transi-
tions arising from multipte clocks being
fed to the counter, which gives rise to
unwanted counts. However, a debounced
switch can easily be obtained using a Set-
Reset (SR) flipflop as shown in Fig. 3.

A Small Glitch

If you want to use a switch to control a
clock (in a timer circuit, for example),
then once again glitches (very short pulses
which behave unpredictably) may be gen-
erated which can be detected by digital
electronic circuitry.

How these problems manifest them-
selves in the switched clock output of the
AND gate is shown in Fig. 4. To overcome
these kinds of side effects. it is advisable
to use a synchroniser circuit, as illustrated
in Fig. Sa, which will prevent glitches.

The **control’” signal can be derived
from an S-R flip-Aop which will debounce
the signal from the switch (**clock on/

CIRCUIT THERAPY
Circuit Surgery is your column. If you have any queries or comments,
please write to: Alan Winstanley, Circuit Surgery, Wimborne Publishing Ltd.,
Allen House, East Borough, Wimborne, Dorset, BH21 1PF, United Kingdom.
E-mail alan@epemag.demon.co.uk. Please indicate if your query is not for
publication. A personal reply cannot always be guaranteed but we will try to
publish representative answers in this column.

off’"). In fact the control signal for the
clock can be derived either from a change-
over switch or by using two separate push-
buttons as a **start”* and **stop”” control.

The control signal derived then toggles
a D-type latch whose output is used to gate
the clock signal with an AND gate. Thus,
the clock signal will be controlled with-
out the possibility of switch bounce or
glitches.

Teach-In 98

We’'re happy to offer both E-mail and
postal support to followers of our new
educational series Teach-In "98: An Intro-
duction to Digital Electronics. If there are
any particularly relevant queries arising,
space permitting. we will try to cover
them here in Circuit Surgery. An early
query addressed to the Teach-In "98 desk
(Teach_In98@epemag.demon.co.uk) was
sent by Mike Simpson, who asks:

I'in starting more or less from scraich
and am really looking forward to follow-
ing vour Teach-In '98 course. | have «
couple of questions however. Question |:
are there any books | would find invalu-
able through this course, or any vou would
recommend as a point of interest? Ques-
tion 2: I'm interested in learning how to
program PLCs for electronic circuits, are
there anv magacines covering this area
available. or can a bookicourse be recom-
mended. Best regards from Mike Simpson
(by E-mail).

Art of Electronics
In the global forum of the Internet

—

+VE SUPPLY

+VE SUPPLY
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Fig.5a (left). An
CONTROL S-R flijp-flop and
Sl D-type latch
— provide full
switched contro/
of a clock signal,
free of bounce
and glitches.
JL__ )
DEBOUNCER SYNCHRONISER
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newsgroups. the best all-round electronics
text book in the world is generally con-
sidered to be The Art of Electronics
(Second Edition) by Horowitz & Hill
(Cambridge University Press, 1.125 pages,
ISBN 0-521-37095-7). together with the
optional accompanying Student’s Hand-
book.

The **Art’" starts with basics and
treats the subject as a mixture of edu-
cated guess, hunches and experience. It’s
highly authoritative, very readable and it
answers all those questions that crop up
in practice but to which you will probably
never find the answers otherwise. I like
the style very much.

Co-author Winfield Hill in the USA
tells me that a Third Edition isn't actually
in the works right now, but they will be
updating the book sometime in the near
future. Then the process may take about
three years.

They have been soliciting opinions
about the best way to proceed with the
Third Edition, the page count being
restricted or they could go on for ever
(we know the feeling!) and they wonder
if the clamour for a new edition isn't
really for more advanced material, but for
more of a sequel!

Anyway. flick through a copy in your
local book store. There is also a web
site at http://www.artofelectronics.com
to which I have previously linked via my
Net Work Internet column.

PICtorials

On to your second question, perhaps
you mean PICs (Arizona Microchip's
brand of microcontroller i.c.) — in which
case our Technical Editor John Becker
has an excellent PIC Tutorial series lined
up for the not too distant future, some-
thing not to be missed as it will shed
a lot of light on the black art of
using microcontrollers. (A PLC - Pro-
grammable Logic Controller - is beyond
the remit of EPE. being designed for
industrial process control applications.)

Incidentally, the last I saw of John, he
was glued to the computer screen of his
brilliant new EPE Virtual Oscilloscope
design, of which all IBM PC-compatible
users should be eagerly anticipating the
appearance! It’s awesome!

. SWITCHED
CLOCK
out —
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Fig.5b. Quiput waveforms of the debounced synchroniser
circuit of Fig.5a. Compare this with Fig.4.
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A roundup of the latest Everyday
News from the world of

electronics

Data Comms via the Mains

Norweb and Nortel are investigating the use of mains power lines
for long-distance communications, but it's fraught with problems.

THE widely reported plan by Nor-
web Communications and Nortel
(Norther Telecom, formerly STC)
to pipe data through mains cables grew
out of a scheme to provide a telephone
or cable TV service. Nortel and Nor-
web patented the idea but after a first
round of tests, abandoned the scheme
and will instead try using the mains to
provide access to the Internet. This will
allow Internet telephony, which carries
audio as packets of data and delivers
only muffled, delayed and often glitched
speech. Video will be subjected to the
same compromises.

Although Norweb and Nortel have
loudly claimed strong patent protec-
tion, they were unable to identify any
of the patents which they own. They
were also very secretive on technical
details. There was no demonstration of
working equipment and even limited
trials will not begin until mid 1998.
My personal search uncovered several
hundred pages of patent applications
filed over the last five years, which
audit-trail the development and dashed
hopes.

HF CARRIER TESTS

Five years ago Norweb patented the
idea of superimposing a high frequency
carrier signal on the 50Hz mains, to
carry digital sound and video. Tests
began last year, using a modified ver-
sion of the system developed for CT2,
the second generation digital cordless
telephone.

But to carry data at high rates, the
carrier must be of high frequency. The
mains wires then behave like a radio
aerial, broadcasting the signal and
causing interference to audio, video
and computer equipment. To con-
form with European regulations on
Electromagnetic  Compatibility, Nor-
web must keep the HF carrier down to
a few millivolts, compared to the 230V
a.c. mains. So the carrier is always on
the brink of being swamped by the
random mush of interference which
pollutes the mains because the cables
behave as a receiving acria).

Norweb initially planned a system
which used coaxial cable or optic fibre
to pipe the speech and vision to street
units which then combined the weak
signals with the mains for the last short
run into the home. It is costly to
lay extra coaxial cables, so Norweb
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Barry Fox has the details

will connect its transformer substations
to the Internet and use combiners at
each station to add a communications
carrier to the mains. The carrier is
a spread spectrum of different fre-
quencies which smear over the back-
ground noise. So interference at one
frequency still leaves most of the car-
rier untouched.

A filter unit, clamped to the sub-
scriber’s meter, separates the useful
spread from the mains and background
noise, and feeds it to a home com-
munications network. A PC, which
must be fitted with a suitable decoder
card costing around £200, connects to
the network and thus also the Internet.

Norweb will charge a monthly fee
for access but has yet to fix a price
which competes with the phone com-
panies but recoups capital investment.
MD Mark Ballett estimates it would
cost the company £200 million to of-
fer access to its two million electricity
users in the North West of England.

CRUMMY MEDIUM

Norweb’s plan to put raw sound and
video on the mains foundered because
the weak carrier is completely destroyed
by powerful noise spikes that are much
stronger than the constant mush. The
spikes come from dimmer switches,

refrigerator or boiler thermostats and
power tools anywhere in the street.

“The mains is a crummy medium
for communications”, says lan Vance,
Nortel’s chief scientist, *‘it was never
designed for this purpose”.

The Internet puts data in packets.
When corrupted, they are sent again.
This makes the signal robust against
spikes, but adds delays which disrupt
real time sound and vision.

After trials begin next year, Norweb
will gather feedback for six months.
Internet telephony will follow after
two years. Data speeds of up to one
megabit/second are promised, but this
may not improve audio and video
quality over conventional phone lines
and modems. Even with a 64kbit/s
ISDN line, which can carry broadcast
quality digitised speech when used for a
direct connection, the Internet currently
delivers only muftled sound, which is
delayed by the packetising process and
often glitched.

Norweb and Nortel hope to licence
their system to other electricity com-
panies, in the UK and abroad. But not
in the US. In Europe substations serve
around 250 homes so it is cost-effective
to modify them. North American sub-
stations, often on poles, supply only
around a dozen homes.

RELEC have introduced an accurate
plug-in power supply so small that
it is hardly bigger than a standard
mains plug.

Mainy-N1 occupies exactly the
same area on an a.c. power socket
as a mains plug, thus making it
possible for all adjacent outlets to be
utilised. Any ardent hobbyist will
appreciate that advantage in the
workshop!

Added to this is Mainy's out-
standing efficiency figure of around
70 per cent, which provides ade-
quate evidence of a highly advanced

and 24V, all with a 6W rating.

MINI POWER SOURCE

switched mode design. It can maintain a d.c. output voltage to within one per
cent of nominal, irrespective of loading or mains fluctuations.
The unit is offered in a range of ten standard output voltages between 3V

For further information, contact Relec Electronics Ltd., Dept. EPE, 124-126
Stockbridge Road, Winchester, Hants SO22 6RW. Tel: 01962 863141. Fax:
01962 855987. E-mail: sales@relec.co.uk.

a?
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reference designs.

published next month!

PIC HANDBOOK

MICROCHIP have released the latest edition of =
their Embedded Control Handbook. Serious users F
of PIC microcontrollers will find this 1866-page
book a powerful reference tool that provides
current application notes, technical briefs and

The book is available through any authorised
Microchip agent, or at the company’s website.
Also, don’t miss our great PIC wall-chart to be

Bourne End, Bucks SL8 SAJ. Tel: 01628 851077, \______,./

Fax: 01628 850259. Web: www.microchip.com.

Data
Down!

MAURITRON  Technical  Services,
renowned for their excellent  service
manuals and technical books, have told us
that they have dropped the price of ther
CD-ROMs to £24.95 (plus £2-50 P&D,
plus VAT). If you are looking for technical
data of any sort, find out what Mauritron
has to offer:

gmaEDpED CONTFO

Lo
|

.For 'further information  contact  Arizona vorume t Mauritron Technical Services, Dept
_I}dhlcroz‘:hlp chl;no}\(,;g'ydl.ydl.; ll)fpti_. EIPF“ U?{“, g N fs EPE, 8 Cherry Tree Road, Chinnor, Oxon
S e Ay B P - OXY9 4QY. Tel: 01844 351694,

Fax: 01844 352554.
E-mail: salescemauritron.co.uk. Web:

STRIPBOARD
MAGIC

AN innovative new PC-based CAD lay-
out program for stripboard and bread-
board has been announced by Ambyr.
Called StripboardMagic, it is intended
to take the uncertainty and drudgery
out of translating theoretical electronic
circuit design into practical stripboard
layouts.

Paul Kelsey, co-founder of Ambyr,
says: “We believe that StripboardMagic
is the first computer-aided circuit layout
utility for stripboard and breadboard.
Until now, if you wanted to use strip-
board, you had to work out the lay-
out by hand. Now rtime-saving, error
reducing simplicity of auto-layout is no
longer the exclusive preserve of p.c.b.
constructors’.

StripboardMagic features a  simple
drag-and-drop circuit editor, extensive
component library, automatic circuit
layout on stripboard or breadboard, a
detailed construction diagram to guide
the assembly stage and an automatic
generation of component order forms.

The software package costs £39-95
including VAT (plus P&P).

For more information contact Ambyr
Ltd., Dept. EPE, 23 Priory Road, New-
bury, Berks RG 14 7Q)S.

Tel/Fax: 01635 521285.

E-mail: info@ ambyr.com.

Web: htep://www.ambyr.com.

http://dialspace.dial.pipex.com/mauritron/.

Tool-up With Squires!

FRESH in from Squires Model & Craft Tools is their 1998 catalogue — and it’s free -
totally free of any charge, even postage! Squires’ existing customers will, of course,
have already received their own copy.

If you are not already a Squires customer, just give them a call saying EPE told you
to! What you'll get is nearly 150 pages of Ad-sized information and prices for
practically any item of tooling you need for electronics and other craft work. From
abrasive blocks to Xuron cutters, the range is extensive.

Squires will also be exbibiting at numerous events in 1998 — ask them to tell you
of events near you,

For more information contact Squires Model & Craft Tools, Dept. EPE, The
Old Corn Store, Chessels Farm, Hoe Lane, Bognor Regis, W. Sussex PO22 8NW.
Tel/Fax: 01243 587009.

EMMA AWARDED

THE Radiocommunications Agency has announced that the Young Radio Amateur
of the Year Award has been won by 15 vear old Emma Constantine from West
Yorkshire, receiving £300 from the RA and a certificate signed by Margaret Becket,
President of the Board of Trade. The award was made at the Radio Society of Great
Britain’s HF convention at Windsor in September.

The RSGB has also announced publication of its RSGB Yearbook 1998 Edition,
priced £13-90, excl. P&P Other new publicatiops have been announced as well,
including the CallSeeker 98 CD-ROM which includes the complete contents of the
Yearbook.

For more information about the RA Awards and RSGB publications, contact the
Radio Society of Great Britain, Lambda House, Cranbourne Road, Potters Bar, Herts
ENG6 3JE. Tel: 01707 659015, E-mail: sales(e rsgh.org.uk. Web: www.rsgb.org.uk.

SPACE NET

NEW British ideas using satellites to provide superfast services have been awarded

grants by the British National Space Centre (BNSC).
The initiatives, which include schools link-ups, are being developed with help from
BNSC’s Satellite Multimedia Application Demonstration Pro-

Inventors Take Note!

INVENTOR Patrick Lawrence has had his book The
Business of Invention published, priced at £12.99. In it he
shows how to turn a patentable idea into a profitable
product, and provides a valuable and friendly guide
through the minehield of patent agents, design agencies,
licensees, county courts and the whole area o% public and
private support schemes for inventors, ending with a useful
index of phone numbers to call for advice.

Lawrence has invented a number of household-name
products and his book is based on his own experiences and
partly on an investigation of the available sources of sup-
port for independent inventors in the UK.

The book is published by Management Books 2000,
Dept. EPE, Cowcombe House, Cowcombe Hill, Chalford,
Glos GL6 8HP Tel: 01285 760722, Fax: 01285 760708.
E-mail: 106002.3004@ compuserve.com.

gramme (SMADP), part of the DTI's Society Initiative.

Of particular interest will be the trial delivery of educational
multimedia to teachers and students. Espresso for Schools will
scamlessly integrate a rich mix of audio, video, text and data
relating to geography, science and IT subjects within the national
curriculum.

Announcing the grants, Barbara Roche, Minister for Industry,
said, “Satellites have a major contribution to meeting the needs of
the emerging Information Society. In the long run they could
make using the Internet faster and cheaper, and enable it to be
accessed from any point on the planet - no matter how remote.”

Still in space, it's interesting to learn from the DTI that
the recently launched mission to Saturn will use British-made
parachutes to land the Huygens probe on the planet’s moon
Titan. Martin-Baker Ltd. of Uxbridge designed and produced the
parachute system. (If memory serves us right, Martin Baker was
the man who invented the aircraft ejector seat, in about 1949.)

For more information, phone the DTI’s Public Enquiries num-
ber: 0171 215 5000.
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PAYING THE NEWS PIPER

Watermarking, wobbling and black-tone decoding aid in ensuring video
copyrights are honoured and paid for — Barry Fox reports

ORLOWIDE Television News, the news-gathering sub-

sidiary of Walt Disney’s empire (and the company

which employed John McCarthy when he was kid-
napped in Beirut) has joined with Philips of the Netherlands
and won a grant from Europe's Esprit program to develop
technology which checks whether TV stations are paying to use
hard-won news footage in their bulletins.

WTN distributes its news by satellite, which makes it easy to
steal. “*Sometimes even honest broadcasters forget to pay”, says
Gijs (Gerry) Wirtz of Philips Copyright Department. **So news
services need a way of monitoring everything that is broadcast
to check its origin.”

VIVA LA DIFFERENCE

Gerry O'Reilly, WTN’s Vice President, told Philips what the
news industry wanted and coined the name for the project,
Visual Identity Verification Authority. A watermark, hidden in-
side a video sequence, can be sensed by a decoder. The mark
should not cause any visible artefacts in the picture and must
survive conversion between the different TV standards used
round the world (NTSC for the US and Japan, PAL for most of
Europe and SECAM for France). The mark must also survive
digital coding for transmission on the Internet or by satellite,
and conversion back into analogue form for display on a TV set
or recording on a VCR.

87" HFET1

PROTEUS IV

LABCENTER Electronics have released the latest version
of their PROTEUS Electronics Design System.

The major enhancements include: automatic com-
ponent placement; improved autorouter; full control
of schematic drawing appearance; more component
libraries; pin-swap/gate-swap; new simulation types
including Fourier and Audio analyses.

PROTEUS IV is available in five levels, with prices
ranging from £295 to £1645. Trade-ins are avail-
able against both previous versions of PROTEUS and
other EDA software. Demonstrations can be seen on
Labcenter's website.

PROTEUS-Lite CAD software has also been released
by Labcenter as freeware/shareware versions, enabling
you to acquire powerful schematic capture and p.c.b.
design modules. They "are available for free download
from the web address below.

For more information contact: Labcenter Electronics,
Dept. EPE, 53-55 Main Street, Grassington, North Yorks
BD23 5AA. Tel: 01756 753440. Fax: 01756 752857.
E-mail: info@labcenter.co.uk. Web: www.labcenter.co.uk.
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Philips has already tested existing systems and found them
wanting. Existing systems modify some pixels or picture
points in a predetermined pattern that is invisible to the
human eye but detectable by a decoder which knows what
patterns it is hunting. Philips found that the marks do not
survive changes in the picture shape. If the video image is
cropped, stretched or compressed, the pattern is distorted and
the decoder no longer recognises it.

Philips 1s working on a quite different approach. A recently
published patent application filed by Gijs Wirtz explains the
technology.

Philips takes advantage of the fact that any black part
of the video picture will have zero luminance (black and
white information) and zero chrominance (colour informa-
tion). If the colour information value is artificially raised, then
the black area will still look black. But a decoder will be
able to register the abnormal imbalance of luminance and
chrominance signal.

Although there are always some black areas in any TV pic-
ture, their positions are always changing and unpredictable.
Non-black areas of the picture will naturally have imbalance
between luminance and chrominance. So the decoder has no
way of knowing where it should be looking for unnatural im-
balance. Philips solves this problem by temporarily adding a
thin black line at the extreme top or bottom of the picture and
unbalancing its luminance and chrominance values. The line is
not noticed because it becomes part of the black borders which
are always present at the extreme top and bottom of the picture
and are usually masked by the casing round the TV tube.

The decoder knows exactly where it must look for a black
marker, and where there would normally be zero luminance and
zero chrominance. Any imbalance is thus a man-made water-
mark. Changing the black line between balanced and unbalanced
state conveys a stream of digital Is and Os. This stream decodes
as binary words which carries copyright information.

The mark survives cogversion between different TV
standards, and conversion between digital and analogue
domains, because the convertors all handle the luminance and
chrominance content separately and preserve any balance or
imbalance.

WOBBLING DVDS

Philips will use the same marking system on digital video
discs as a part of a double check system. A DVD player will first
look for any watermark in the picture sequence, and decode
any copyright message it contains.

The player will then check whether the disc is an original,
pressed in a factory, or a home-recorded blank. The difference
is in the signals on the disc which guide the laser in the player.
Pressing plants will add a “wobble key™ to the guide signals.
There is no wobble on a blank disc. The servo control in the
player casily compensates for the wobble, but the fact that it is
doing so confirms that the disc is an original. If a disc has no
wobble key, but does have a copyright watermark, it is iden-
tified as a copy and the player refuses to play it.

Californian company Macrovision has already proposed and
patented a similar idea for wobble keying. Wirtz confirms that
Philips is now “in discussion® with Macrovision about who got
in first with a patent claim to wobble keying.

Whatever happens, wobble protection relies on the manufac-
turers of DVD players agreeing to build the necessary detec-
tion circuitry into all future players. So far there has been no
such agreement. Watermarking of news footage needs no such
agreement.

If the system works, WTN will be able to monitor all news
bulletins, look for its mark and check that the broadcaster pays
for use.
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JUNE ‘96

PROJECTS @ Sarah’'s Light ® Ultra-Fast

Frequency Generator and Counter Part 1 ® VU
Display and Alarm @ Puylstar
Telephone Link.

FEATURES @ Teach-In ‘96 Part 8 @ More
Scope for Good Measurements Part 1 @ Circuit
Surgery ® Miniscope Review.

® Home

JULY 96 Photostats Only (see below)

PROJECTS @ Advanced NiCad Chargers
@ Single-Station Radio 4 Tuner ® Games
Compendium @ Twin-Beam Infra-Red Alarm @
Ultra-Fast Frequency Generator and Counter - 2.
FEATURES @ Teach-In ‘96 Part 9 ® More
Scope for Good Measurements Part 2 @ Circuit
Surgery ® The Internet ® Ingenuity Unlimited.

AUG '96 Photostats Only (see below)

PROJECTS @ Component Analyser ® Garden
Mole-Ester ® Mono “Cordless” Headphones @
Bike-Speedo ® Mobile Miser.

FEATURES @ Teach-In ‘96 Part 10 @ Circuit
Surgery @ Ingenuity Unlimited @ Spies, Lies
and Electronics @ EPT 3.0 Review. -

SEPT 96

PROJECTS @ Analogue Delay and Flanger @
Simple Exposure Timer ® PIC-Tock Pendulum
Clock @ Draught Detector ® Power Check.
FEATURES @ Circuit Surgery @ Ingenuity
Unlimited ® Net Work - The Internet @
MAX038 Waveform Generator.

OCT 96

PROJECTS @ Video Fade-To-White @ Direct
Conversion Topband and 80m Receiver @
Vehicle Alert ® 10MHz Function Generator.
FEATURES @ Introduction to Satellite Televi-
sion @ Ingenuity Unlimited @ Circuit Surgery @
Net Work - The Internet.

NOV '96

PROJECTS @ D.C.-to-D.C. Converters ® Central
Heating Controller ® EPE Elysian Theremin,
Part 1 ® Tuneable Scratch Filter.

FEATURES @ Build Your Own Projects, Part 1
@ Ingenuity Unlimited @ Circuit Surgery ® Net
Work @ Interface.

DEC ‘96

PROJECTS @ Vari-Colour Christmas Tree
Lights @ PIC Digital/Analogue Tachometer @
Stereo Cassette Recorder ® EPE Elysian
Theremin, Part 2.

FEATURES @ Build Your Own Projects, Part
2 @ Interface ® Circuit Surgery ® Ingenuity
Unlimited ® Net Work - Internet News.

JAN ‘97

PROJECTS @ Earth Resistivity Meter, Part 1 @
Psycho Rat @ Theremin MIDI/CV Interface, Part
1 @ Mains-Failure Warning.

FEATURES @ Ingenuity Unlimited @ Build Your
Own Projects, Part 3 @ Circuit Surgery @
Interface ® Net Work - Internet News @ PCS32
Storage 'Scope Interface Review.

FEB 97

PROJECTS @ Pacific Waves ® How To Use
Intelligent L.C.D.s, Part 1 @ PsiCom Experi-
mental Controller @ Earth Resistivity Meter,
Part 2 ® Theremin MIDI/CV Interface, Part 2.

DID YOU MISS THESE?

FEATURES @ Ingenuity Unlimited ® Build Your
Own Projects, Part 4 @ Circuit Surgery @
Interface ® Net Work - Internet News.

MARCH ‘97

PROJECTS @ Simple Dual-Qutput TENS Unit
® Video Negative Viewer @ Tri-Colour NiCad
Checker ® How To Use Intelligent L.C.D.s -2 ®
Qil Check Reminder.

FEATURES @ Interface ® Ingenuity Unlimited ®
Build Your Own Projects, Part 5 ® Digital TV -
The Reality ® Circuit Surgery @ Net Work.

APRIL '97

PROJECTS @ 418MHz Remote Control Sys-
tem @ Midi Matrix ® Puppy Puddie Probe ®
PIC-Agoras Wheelie Meter - 1.

FEATURES @ Interface ® Ingenuity Unlimited @
Digital TV and MPEG2 @ EDWin NC Software
Review @ Circuit Surgery ® Net Work.

&t trronics

MAY ‘97

PROJECTS @ 2 Metre FM. Receiver ® EPE PIC-
A-Tuner @ Alarm Operated Car Window Winder
@ Quasi-Bell Door Alert ® PIC-Agoras - 2.
FEATURES @ Ingenuity Unlimited @ Circuit
Surgery @ Techniques — Actually Doing It ®
Great Experimenters - 1 @ Type 7660 Voltage
Converters ® ADC200 Storage Oscilloscope
Interface Review ® Net Work.

JUNE 97

PROJECTS @ PIC Digilogue Clock ® Child
Minder Protection Zone @ Pyrotechnic
Controller ® Narrow Range Thermometer.
FEATURES @ Great Experimenters - 2 @ Circuit
Surgery @ Interface ® Reactobot and Virtual
Reality ® Ingenuity Unlimited ® Net Work.

JULY 97

PROJECTS @ Micro PEsT Scarer @ Karacke
Echo Unit @ Infra-Red Remote Repeater @
Computer Dual User Interface @ Micropower
PIR Detector - 1.

FEATURES @ Ingenuity Unlimited ®Techniques
- Actually Doing It @ Circuit Surgery ® Great
Experimenters - 3 @ Electronics Workbench
V5.0 Review @ Net Work.

UG. '97

PROJECTS @ Variable Bench Power Supply
® PIC-olo Music Maker ® Universal Input
Amplifier ® Micropower PIR Detector - 2.
FEATURES @ Interface @ Ingenuity Unlimited
® Colossus Recreated ® Circuit Surgery @
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Constructional Project —

ACTIVE

MICROPHON.

ANDY FLIND

Ilt's remarkable what your
cassette recorder might
pick-up with a bit of simple

INnput circuritry.

AY BACK in the May "96 issue of

EPE, a 1ape-operated controller

for the author’s Mind Machine
project was described. Readers may recall
that this used a miniature pocket dictating
machine for recording and replaying the
programmed control signal.

These little *‘micro-cassette’” recorders
are now inexpensive and widely available.
The one used for the controller project
permits selection of a reduced tape speed
for longer recordings with only a slight
reduction in audio quality. and also has a
**sound-activated”" recording mode.

Their features could be very useful for
recording meetings, lectures. speeches and
the like, but unfortunately the effective-
ness in such situations is severely limited
by poor microphone sensitivity. The re-
corder appears to be designed to be spoken
into at short range, probably to minimise
external noise when used for dictation.

However, as an external microphone
input socket is provided. it is clearly
possible to use an amplified extemnal
microphone for applications requiring
greater sensitivity. This project provides
such a unit, which should be suitable for
use with many of these little recorders.

DESIGN OBJECTIVE

A design objective was that the unit
should have an inconspicuous appearance
as some lecturers might be distracted by
the sight of a microphone pointing at them
from the audience. In addition, there could
be applications requiring completely un-
observed recording. perhaps in security
work.

Two further aims were that the unit
should be self-contained and self-powered,
with the connection to the recorder made
through plugs and sockets so that the
length of the connecting lead could easily
be changed.

The use of an independent battery sup-
ply side-steps the possible problem of in-
stability caused by feedback through the
power rails, which might occur if the unit
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was operated from the same battery as the
recorder.

A small ‘electret”” microphone insert
is used for signal input, with a simple
amplifier to provide the necessary signal
level boost. Achieving the required gain is
easy, but the very low level of the input
signal calls for an amplifier with a low
internal noise level.

For further reduction of noise and
interference, the frequency response is
tailored to cover only the range required
for speech. about 100Hz 10 SkHz.

PRACTICAL CIRCUIT

Early design experiments with the
prototype were carried out using a TLO71
op.amp i.c., but it was soon found that a
circuit employing discrete transistors gave
much less background hiss. Eventually.,
this led to the circuit of Fig.l, which
provides excellent sensitivity and clarity
with a minimum of background noise.

Electret microphones normally contain
an internal butfer amplifier which requires
a small amount of power. In Fig.1, the
microphone insert, MICI. is supplied with
power through resistor Rl and the mic.
input signal is taken through capacitor C1
to amplifying transistor TR1. This has a
maximum voltage gain set to about 22, or
27dB. by resistor R7 and capacitor C3.

This capacitor also helps to set the low
frequency roll-off point to about 100Hz.
The upper frequency roll-oft point is set
with capacitor C2 to about SkHz.

Smaller values of C2 can be used to
increase the upper frequency response if
required, but some capacitance is essen-
tial here as without it TR1 amplifies fre-
quencies well into the radio spectrum, and
can pick up all kinds of interference!

The output from TR appears at its col-
lector (c) and is buffered by the second
transistor TR2 to allow the driving of rela-
tively low-load impedances. if necessary.

Capacitor C6 removes the d.c. potential
from the output, which then goes to jack
socket SK1.

The circuit is powered by a 9V PP3 bat-
tery. with capacitors C4 and C5 providing
the usual supply decoupling. The current
drawn by the circuit is very low, about
2mA. so prolonged operation is possible.

R’ 5
22 SEE TEXT

C1 R2
1000 *®
MIC1 |8iIG
GND.

S1
- oo
_]_ .
?3.,.2 ?&2 TR2 e B -

BotaaL_ | v I

Fig.1. Full circuit diagram for the Active Microphone.
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CONSTRUCTION

The prototype is fitted into a diecast
metal box with internal dimensions of just
96mm X 46mm X 21mm, so the layout of
the circuit board is fairly compact. This is
constructed on a piece of 2-54mm (0-lin.)
pitch stripboard with seven strips of 18
holes.

This is first cut to fit into the guide slots
provided in the case, ensuring a reasonably
tight fit to prevent any amplified rattles if
the unit is moved during use.

The lid of the box has a locating ridge
around its inside edge and two corners of
the board are notched to provide clearance
for this. The breaks are then made in the
underside copper strips as shown in Fig.2:
there are 21 in all.

Note the line of breaks at each end of
the board, these are intended to ensure that
no part of the circuit inadvertently makes
contact with the metal case. A plastic case
could be used, but a diecast metal one is
preferable for both screening and sound-
deadening properties.

The track breaks should be checked
with a magnifying glass to ensure no
**whiskers’" of copper remain around the
edges as these are sometimes almost
invisible to the naked eye.

Components are fitted as shown in
Fig.2, starting with the four links. To keep
the board as compact as possible, five of
the resistors are fitted in a vertical position
and capacitor CS is placed horizontally on
the copper side, with a bit of Blu-Tack to
secure it in place.

TESTING

Testing of the board is straightforward.
When powered by a 9V supply, it should
draw only a couple of milliamps. If an
oscilloscope is available, the circuit can be
checked for a voltage gain of between 20
and 30 at 1kHz.

However, if a d.c. voltage close to half
of the supply is present at the collector of
transistor TR1 and at the emitter of TR2,
the circuit is probably working correctly.
The emitter (e) voltage of TR2 will, of
course, be about 0-6V lower than that of
TRI's collector due to TR2's base-emitter
(b-e) voltage drop.

PHiupg

ENCLOSURE

The unit can be housed in any case
of the constructor's choice. though the
prototype uses a small diecast metal box as
described earlier. This is supplied with a
grey ‘*hammertone’’ paint finish and looks
both neat and fairly inconspicuous.

The case is connected to the circuit's
0V supply (battery negative) to improve
screening. Usually, this connection will
be made automatically through metallic

Completed stripboard showing com-
ponent layout. Capacitor C5 is
mounted on the underside.

1 5 10 15 &wcvusn
A ./L_‘k
B I LSK1 (TIP)
D [ cs
mic1 E @ I o==""
siI6. %
NOTE. C5 IS
8 O s« (RING) ZSX’A‘BEF"BS%D
MIC 1~ Ty (SEE TEXT)
GND
1 5 10 15 18
G
Fr o o of)e o 0f)o O 60O OOK)O
E 000000 0L)e 060006 eL)O)
N« OOKCX » KECEOKOCKY » FIEEEEKX - 1B
c K)o 0006 000l)o 80000 eL)O
e £)O ® 6000 00|
A 0O0O00eo

Fig.2. Enlarged view of the stripboard topside component layout and underside
details showing breaks in the copper strips for the Active Microphone.
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contact with the output jack socket SKI.
though this should be checked and a
separate connection provided if necessary.

Connections for this socket, power
switch SI. battery Bl and microphone
MICI are all shown in Fig.3. Connection
to the recorder should be made using a
screened lead.

COMPONENTS

Resistors

R1 22k (see text)

R2 1k

R3 100k

R4 22k ee
RS 10k O)2
R6 2k2

R7 2700 TALK
R8 4k7 Page
All 0.6W 1% metal film

Capacitors

C1,C4 100n resin-dipped

ceramic (2 off)

c2 1n resin-dipped ceramic
C3 22y radial elect. 16V
C5 100u radial elect. 10V
Cé 470n resin-dipped

ceramic

Semiconductors

TR1, TR2 BC184L npn silicon
transistor (2 off)

Miscellaneous

S1 on-off slide switch

SKi1 3-5mm mono jack
socket

MIC1 electret microphone
insert

B1 9V PP3 battery

Stripboard, 2:54mm (01in.) pitch,
size 7 strips x 18 holes; PP3 battery
connector; diecast metal box, “ham-
mertone” finish, 96mm x 46mm x 21mm,;
3-5mm mono jack plug; screened con-
necting lead to recorder.

Approx Cost
Guidance Only

£10

excl. batt.
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=0
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PP3 BATTERY
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ose o 7
T BLACK
=
hTIP
RING ¥ gk 1
Fig.3. Wiring from off-board com-

ponents to full size circuit board.

MICROPHONE

Most electret microphone inserts have
two connections similar to that shown in
Fig.3. where one is obviously connected to
the metal case. This should be connected
to OV (battery negative). whilst the other is
normally connected to the positive supply
through a resistor.,

The microphone insert used in the
prototype is a very small type taken from a
piece of scrap equipment, along with its
rubber mounting. Various alternative types
have been tested and most worked as well
or better.

Many readers will have such spare
microphones in the **junk box™". but if one
has to be bought. they are inexpensive and
most types should be suitable. although
some adjustment of the value of resistor
R may be necessary.

Tandy's inexpensive *"PC-Mount™" type
works well with RI set to 12k{). How-
ever, beware of their version with flexible
leads already fitted as this is a three-ter-
minal device (and it is more expensive!).

Adjusting the value of Rl to obtain
about half the supply voltage across the
insert will usually give good results,

A 3mm diameter hole is drilled in the
wall of the box to allow adequate sound to
reach the microphone.

ASTONISHING
RESPONSE

The sensitivity improvement achieved
with this little gadget is astonishing. It
picks up every sound in the average room,
making it useful for recording conversa-
tions where notes must be made later, such
as at meetings or interviews.

It has been used to record lectures from
a position well back in the audience. where
it can be placed inconspicuously on a desk
facing the speaker. whilst the recorder
itself is operated from a position out of
sight.

Operation of the recorder’'s *‘voice
activated”” recording facility becomes
sensitive enough to allow "‘hands free™”
note-taking, which can be very useful
when searching through reference books.,
or when designing and testing circuits!

No doubt readers will be able to think

The circuit board slotted into the
diecast box. Note the capacitor on the
underside of the board.

of many other uses. perhaps in applica-
tions other than with a tape recorder. The
sound quality is surprisingly good despite
the limited frequency response, so it might
even find applications in such pursuits as
wildlife recordings.

One final caution is to remember to
switch it off after use! An lLe.d. could be
fitted. perhaps a 2mA type. but this would
still more than halve the battery life. so it
was omitted in the prototype.,
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INTER F\C

Robert Penfold

SOUND CARD MIDI/GAMES PORT AND PC UPGRADING

As MANY readers will no doubt be
aware, virtually all PC Sound Cards
are equipped with MIDI input and out-
put ports. If you wish to use an up-
market sequencer with multiple MIDI
output ports you will need to invest in a
“proper’” MIDI card that is compatible
with the sequencer program, but for
most purposes the MIDI ports of sound
cards are perfectly adequate. Provided
you have the drivers installed correctly,
any normal MIDI software for the PC
should be able to use the MIDI ports
without any difficulties.

The only slight snag is that it can
be difficult to get everything connected
correctly. MIDI ports are supposedly
standardised, and should use 5-way (180
degree) DIN connectors. However, com-
puter MIDI ports do not always comply
with the MID! hardware standards.

With few exceptions, PC sound cards
have a games port which also doubles as
the MIDI input and output ports. (A
THRU facility does not normally seem to
be included). The games port has the
usual analogue and switch inputs, but
reallocates one ground pin and one +5V
type to the MIDI ports. This still leaves
two ground pins and three +5V types,
incidentally.

Getting Connected

We receive the occasional reader’s let-
ter requesting connection details for the
PC MIDI/games port. Although it might
seem reasonable to expect the manuals
for PC sound cards to contain this infor-
mation, in most cases it is not included.

At a price, ready-made PC MIDI leads
are now available, but it is easy to make
up your own low cost leads. Table 1
gives a list of the pin assignments for a
PC sound card games port. Note that
games ports on other forms of expansion
card are strictly games ports, and cannot
be used as MIDI ports.

Table 1: PC Sound Card Games Port
pin assignments

Pin Function Pin  Function
1 +5V 9 +5V
2 A1 10 B-1
3 AX 11 B-X
4 Gnd 12 MIDIOUT
5 Gnd 13 B-Y
6 A-Y 14 B-2
7 A2 15  MIDIIN
8 +5V

Wiring details for a games port MIDI
lead are provided in Fig.l. Any good
quality twin screened audio cable is
suitable for this application. The screen
of the lead is only connected at the MIDI
outputs, since a connection through the
screen would otherwise bypass the
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opto-isolation at the MIDI inputs. The
maximum recommended length for
MIDI cables is 15 metres (about 50 feet).

The 5-way DIN plug marked “OUT" is
the MIDI output from the interface, and
this plugs into the input of a sound mod-
ule, synthesiser, etc. The plug marked
“IN" is the MIDI input of the interface,
and connects to the output port of a
keyboard, MIDI guitar, etc. The connec-
tions to the games port are made via a
15-way male D-type connector.

Upgrading

Things in the world of PCs seem to
have moved very rapidly recently, with
specifications increasing as rapidly as
prices have fallen. If you have a humble
80386 or 80486 based PC you are very
much a second rate citizen these days,
with little chance of running the more
sophisticated items of software currently
on offer.

If you have an old PC that has had
little or nothing added over the years,
probably your best bet is to continue
using it with your existing software un-
til it is no longer usable. Converting it
into a modern “all singing-all dancing”
PC would require so many replacements
and additions that you would be vir-
tually building a new PC from scratch.

The situation is different if you have
kept an old PC up-to-date with the
addition of soundcards, speakers, CD
ROM drives, and the like. You even-
tually end up with an excellent array of
peripheral components that totally out-
class the basic PC!

~

Fig.1. Winng details for a standard
PC MID| lead.

A motherboard and CPU transplant
can transform such a PC into one that
rivals new multimedia PCs in terms of
specification, but at much lower cost than
simply going out and buying a new PC.
Giving an old PC a “makeover” seems to

be a major growth area, but is it really
worth the eftort?
Having undertaken some major

upgrades of PCs a few years ago, |
would have to say that I found
converting an old 33MHz 80386 PC into
a 166MHz MMX PC was remarkably
simple by comparison. Things in general
seem to be more rigidly standardised,
and the hardware manufacturers now try
to make it easier for users to install their
products.

Even so, unless you are reasonably
experienced with PCs it would prob-
ably be best not to attempt a major
upgrade such as a motherboard and CPU
upgrade. The safer but slightly more
expensive alternative is to buy a ready-
made base unit having a very basic
specification, and then transfer items
such as the CD ROM drive, sound card,
etc. from the old PC to the new one.

Chip Sets

The choice of CPU depends on how
much you are prepared to spend, and
on the computing power you require. A
166MHz MMX chip is now the simplest
PC CPU in production, and a genuine
Intel chip should only cost about £100
plus VAT.

Although it now represents the entry
level PC processor, a 166MHz MMX chip
is an extremely powerful processor that
is more than adequate for most pur-
poses. Most of the current motherboards
are based on the Intel VX, HX, and TX
chip sets, with the VX boards being the
cheapest and the TX types the most
expensive.

Manufacturers have now had time to
perfect their designs, and there would
seem to be little measurable difference in
the performance of the numerous boards
on offer. Any modern type that will take
an MMX processor should give good
results, and it is probably not worth
paying high prices for the up-market
boards. An ordinary AT style board is
needed, and not an ATX type (which is
only usable with a modern ATX style
case and PSU).

Fitting the CPU to the motherboard
is very simple, and a missing pin en-
sures that the processor cannot be fitted
with the wrong orientation. The mother-
boards are fitted with what is termed a
Socket 7", which is a form of zero inser-
tion force socket.

The only real problem is that the
processor and the motherboard are both
vulnerable to static charges, and some
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anti-static precautions are essential. As a
minimum, improvise an earthed worktop
by using some aluminium foil on the
workbench. The foil must be earthed, and
this can be achieved by connecting it to
the earth socket of a bench power supply
using a crocodile clip lead. Connecting the
foil to the chassis of any mains powered
equipment that has a metal chassis should
do just as well.

Touch the foil frequently so that any
charge in your body is leaked away to
earth before it has a chance to build up
to significant levels. Alternatively, earth
yourself to the foil via one of the spe-
cial wristbands (which for safety reasons
MUST include a high value resistor in
the lead which connects to earth).

CPU Fans

Do not forget that all Pentium class
processors require both a heatsink and
a cooling fan to ensure safe operation.
Some processors need bigger and better
heatsinks and fans than others, so it is
best to buy a matching unit when you
purchase the processor. The heatsink and
fan are normally in a single assembly,
and they clip on the CPU socket via a
very simple spring-clip assembly.
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All Pentium class CPUs require a heat-
sink and cooling fan. It simply clips in
place.

The motherboard will have a 12V sup-
ply output for the fan, but the connector
on the fan might be designed to tap off
the supply from one of the disk drive
supply leads. It does not really matter
which method is used, but make quite
sure that the fan does actually operate.

Unfortunately, advances in PC design
mean that it will almost certainly be
necessary to replace more than just the
CPU and motherboard. The old PC will
probably be fitted with memory in the
form of 30-pin SIMMs, which are incom-
Eatible with modern motherboards that

ave sockets for 72-pin SIMMs and
168-pin DIMMs. It is possible to use
30-pin SIMMs with 72-pin sockets using
special adapters, but this is a dubious
practice.

There can be problems in fitting
everything in place, the old memory will
probably be too slow to get the best
E(e)rformance from a modern mother-

ard, and the cost of the adapters could
well be higher than buying new RAM! A
couple of 8Mb 72-pin EDO SIMMs should
be about £40 or so, and will enable the
motherboard to run at full speed.

It is likely that the old PC will have a
video card that fits into an ISA expansion

slot. A modern motherboard has both
ISA and high speed PPCl expansion slots,
but the video card should be a PCi type.

A 2Mb PCI video card based on the S3
graphics chip is remarkably cheap these
days, and will provide very good results.
It is worth looking out for upgrade
bundles which include the motherboard,
heatsink/fan, CPU, and video card
“thrown in” at little extra cost.

All-a-board

Modern motherboards have the
various ports provided on-board, rather
than via an expansion card or cards.
Consequently, any cards in the original
computer which provide serial ports, etc.
do not have to be installed in the
upgraded PC. Some of the original leads
and connectors might not suit the new
motherboard, but motherboards are
usually supplied with a full set of leads
and connectors.

The motherboard must be set to the
correct CPU voltage and frequency, and
the appropriate board clock rate using
the usual DIP switches or jumpers. The
manual should make this easv by
providing a list of settings for all the
supported CPUs.

Fit the CPU and memory modules
before installing the new motherboard in
the case, as it can be difficult to get at the
board once it is in place. It should be
possible to recycle the mounting screws
and stand-offs of the old board. Do
not rush the reassembly, which is not
difficult, but will probably take much
longer than you expected.

It may be necessary to do a little
juggling with the positions of the port
connectors in order to get everything
nicely in place, Removing the expansion
cards and the old motherboard should be
easy enough, and the new motherboard
should fit into place without too much
difficulty.

There will be a large number of leads
to connect to the motherboard, and it is
difficult to make a really neat job of
things. It is more important to get it right
than to be a neat.

Many of the connectors are not
polarised, and you must be careful to fit
them the right way round. Pinl is
normally marked as such on each
motherboard connector and on peripheral
devices such as disk drives. The

convention is for the red coloured lead on
the pin 1

ribbon cables to carry
interconnections. The
flying leads on the port
connectors are always
wired with the red lead
connecting to pin 1.

Turned On

It makes sense to
thoroughly check the
completed installation,
and ideally you should
also get someone to
check it for you. When
switched on, if all is
well the screen should
show the usual BIOS
start-up messages, and
the delete key should
then be pressed to
take the computer into
the built-in  set-up
program.

These programs get
ever bigger and better,
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but to a large extent you can settle for
the default settings. However, you must
go into the "Standard” CMOS set-up to
check that the drive settings are correct.

For the hard drive vou can simply use
the same settings that were used with
the original motherboard. If the hard
drive is an EIDE type you can simply
select the "Auto” option, and the BIOS
will then read the drive’s parameters
and control it accordingly.

On saving the settings and exit-
ing the set-up program the computer
should boot up normally if it has
DOS/Windows 3.X as the operating
system. The change of display card
means that Windows will only run
properly once the Windows Setup pro-
gram has been run, and the new screen
drivers have been loaded.

With Windows 95 the start up routine
may detect the new display card and
ask for the drivers disk, or you may
have to start up in protected mode
and then install the new card via
the Settings/Control Panel/Install new
hardware route. If you upgrade the
hard disk as well (as | did), you must
boot from drive A, use FDISK to set the
disk partions, and the FORMAT /s
command to make drive C: bootable.

Alternatively, many disk drives are
now supplied complete with a utility
program which greatly simplifies instal-
lation of a new hard disk. If the drive is
supplied with software of this type it is
probably best to use it. No low level
formatting of EIDE hard drives is re-
quired, as this is done at the factory.

If you are using the upgrade version
of Windows 95, it is worth noting that .
you do not have to install Windows 3.X
and then upgrade it. You can install
Windows 95 from MS/DOS, but you
will have to put the Windows 3.X setup
disk in drive A when prompted, to
prove that you do actually have some-
thing to upgrade from.

Despite falling prices, a motherboard
and CPU upgrade is still quite ex-
pensive, but if you have a suitable
PC to upgrade it seems to be very
worthwhile. With something like a ten-
fold increase in speed, most of the older
software runs much better, and you can
run modern high power programs that
the original IPC simply could not run at
all. You will also get a bidirectional
printer port that is ideal for PC based
projects.

The upgraded PC. The case and 3-5" floppy drive are
all that remain from the seven-year-old original.
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TEACH-IN 98
An Introduction to

DIGITAL ELECTRONICS

EACH-IN is designed to support candidates following the
TCity and Guilds (C&G) syllabuses, see facing panel, but
includes further material as well. It is aimed initially at
the complete novice or apprentice technician, and there-
fore commences with the most fundamental theoretical and
practical aspects of electronics. The series then progresses
straight into digital electronics, dealing with basic logical
systems before moving on to more advanced levels.

Even if you are not undertaking the City and Guilds syl-
labus, there is much to be learned from following Teach-in,
whether you are a GCSE or "A” Level student, hobbyist or
you simply want to discover how to do things digitally.

Lab Work

Throughout Teach-In, attempts are made to involve the
student with practical “Lab Work” experiments and
demonstrations, and complex mathematics and physics will
be avoided unless really necessary — and even then, plenty
of help is to hand! We make a point of identifying practical
components in special sections of Teach-In, so that you will
learn to recognise parts, even if you don’t necessarily use
them yourself just yet.

We also take a light-hearted view of things from time
to time, because electronics really is fun to learn, so we'll
sometimes "‘have a laugh’ at the same time!

Reader Support

We encourage you to contact us with your queries
and feedback, either by writing to the Teach-in
Team c¢/o the Editorial address, or by E-mail:
Teach_In98@ epemag.demon.co.uk. So help is never very
far away. Please do not use any other E-mail address
at all, for Teach-In queries, nor use it for anything other
than questions related to the series. We hope you will
find this series instrumental in stimulating your interest in
electronics. LM.B., RS M., A.JW., A RW.

lan Bell, Rob Miles, Dr. Tony Wilkinson, Alan Winstaniey
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ABOUT TEACH-IN 1

Teach-In is a ten part series which aims to support |
students undertaking City & Guilds 726 Information |
Technology, with reference to the following specific |
syllabuses: !
¢ 7261/ 301 1
¢ 726/ 321 1
¢ 726/ 341 !
For the benefit of overseas readers, the City & Guilds !
of London Institute (more commonly called “City and !
Guilds™) is Britain's largest technical testing and qualify- :
ing body. It is an independent organisation whichI
operates under a Royal charter. It works closely with I
industry, education and Governmental departments, and
each year some half a million candidates undertake a ,
wide range of subjects under the auspices of City &
Guilds. i
The certificates awarded are accepted world-wide as |
evidence of achieving a standard in a recognised |
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Introductory Digital Electronics
Elementary Digital Electronics
Intermediate Digital Electronics

technical skill. Potential candidates can contact them at
Customer Services Enquiries Unit, City & Guilds, 1
Giltspur Street, West Smithfield, London, EC1A 9DD.
Tel. 0171 294 2801, Fax 0171 294 2405. E-mail:
enquiry@ city-and-guilds.co.uk.

Teach-In has been co-written for Everyday Practical
Electronics by Rob Miles, lan Bell and Dr. Tony
Wilkinson who are lecturers in the Department of
Electronic Engineering at the University of Hull, England.
Regular readers will know Alan Winstanley, of course, as
the author of several columns in EPE: Alan has written
for this magazine for over twenty years and is known
internationally for his efforts to promote an understanding
and interest in electronics. Alan has co-ordinated the
series.
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Part Two: CAPACITORS, INDUCTORS AND THE SEMICONDUCTOR DIODE

Changes Over Time

ART ONE of Teach-In considered

All the measurements that have
been made on circuits so far have

been taken at a “steady state”.
Whether a given voltage is measured
now, or in ten minutes time, has been

electricity as a flow of “charge
carriers”’ travelling down a conduc-
tor. To make things more interesting,
an analogy was introduced; namely
the behaviour of shoppers going to a
sale!
We said that each shopper (or
charge card carrier”’!) is driven by
an urge to snap up those bargains, in

VOLTAGE

STEADY DC VOLTAGE

irrelevant because the same voltage
would be seen now or later. Take
an ordinary alkaline battery and
measure its output voltage, for
example. A graph displaying the
voltage against the time would look
something like Fig. 2.1.

The voltage will remain at a high
—~ level during the active life of the bat-

ALKALINE BATTERY
DISCHARGE CURVE

the same way that electrical charge
carriers are driven by a potential

= BATTERY

AR~ " tery, and only start to fall away to

(voltage). We'll use this analogty later
on to enliven the description of other
electronic components.
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Fig.2.1. A graph showing how the out-
put of a battery remains at a steady
d.c. level over time.

nothing, when the battery gradually
becomes flat. It is only then that the
voltage starts to change with time,
otherwise it is pretty constant.
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Alternating Current

Up until now, we have only looked
at direct current (d.c), in which the
voltage or potential difference in the
circuit is constant. Batteries such as the
alkaline one just mentioned, produce
direct current; however, the mains
adaptor we are using for our experi-
ments takes alternating current (a.c.)
from the mains supply and converts it
into direct current. Alternating current
flows from mains electrical sockets,
whilst direct current is produced by
sources such as low-voltage batteries.

Two measurements are used when
talking about alternating signals -
frequency and amplitude. Frequency is
usually expressed in units called Hertz
(Hz for short) which is shorthand
for “cycles per second”. In the UK,
the mains electrical supply to your
house is supplied as alternating cur-
rent which has a frequency of 50
Hertz. You'll see this mentioned on the
ratings plates of much mains-powered
equipment. It means that, 50 times a
second, the voltage goes through a
cycle where the potential difference
between the supply wires changes
direction.

The frequency of 50Hz is just too
fast to be observed on a digital
voltmeter (DVM), but if we were able
to slow the frequency right down to
say one to two Hertz we would then
see a potential first one way,

~

e

Just a small selection of the various

experimenter.

has a d.c. “bias” in it because, unlike
the sine wave in Fig. 2.2a, it isn't
changing polarity around the 0V level.
It has been “raised up’” by the d.c.
bias.

Amplitude Signal
Amplitude is the other parameter

relating to alternating signals. It's a

measure of how “large” the signal is.

types of capacitors available to the

The figure of mains voltage (230V in
the UK) we all talk about is actually
known as a root-mean-square (r.m.s.)
value. This r.m.s. figure represents the
equivalent d.c. voltage which would
cause a simple resistor to warm up
to the same level as that caused by
the r.m.s. alternating voltage. In other
words, if you connected them across a
known resistance, a 230V r.m.s. (alter-
nating) voltage would have the

and then the other, rising and
falling in between. In fact,
there is an expensive instru-
ment called an Oscilloscope
which does indeed let you see

FREQUENCY = 1/t

same heating effect as a 230V
d.c. voltage.

However, a 230V r.ms.
mains voltage actually peaks
much higher than 230V. Fig.

what is really going on, almost o - 23 shows how the mains
regardless of the frequency of \/ \/ \/ supply really has a peak value
the a.c. signal. Oscilloscopes of 325V. It can be shown
simply plot a graph of voltage a) mathematically that:
against time, on a screen. Vrns _

. VOLTAGE r.ns. x /2= Vpeak
Onciloscopes: For Your Eyes | D LT
Only pes: 4 =325V peak

What an alternating cur- b When  we talk  about  the
rent actually looks like is Vo amplitude of an alternating signal,
depicted in" Fig.2.2a. Notice ouce ™EN  we usually mean the r.ms.
how thef potential changes . DC 'BIAS VOLTAGE val(tile. Unfortunately, sofme
smoothly from one polarity to audio equipment manufac-
another over a cycle. The shape turers quote “‘peak’ ratings to
of this particular waveform inflate the performance of their
is called a sine wave. The ¢ e audio equipment to pretty

more rapidly the sine wave is
repeated, the higher the fre-
quency. There is a simple c)
formula which calculates the

dramatic levels, which look far
more impressive in brochures
than a more realistic r.m.s.
value!

frequency of a particular signal
and this is:

Fig.2.2. a) An alternating current changes direction over
time. b) a 9V d.c. voltage remains steady over time. c) A

We saw in Teach-In Part One
that resistance is a measure of

o d.c. voltage with an a.c. voltage (sine wave) superim- ~how much a component im-
f posed on it. pedes the flow of direct cur-
If you know the period (t) of rent. A similar measure, called
the signal - how long it takes 230V RM.S. MAINS VOLTAGE|  imipedance is used to express
for one complete cycle to oc- VOLTAGE the resistance of a component
cur - then you can calculate FREQUENCY = 1/1 230V AM.S. x /2 = 325V PEA when alternating current flows
its frequency. For instance, a | +&V S S through it.

signal with a period of 0-02 PEAK = 50Hz The impedance of a com-
seconds (20 milliseconds) has a o ponent is often given at a
frequency of 50 Hertz. T™E particular frequency. Your hi-
e grap‘:\ in Fi -2-?b 5‘\‘/0""5 fi loudspeakers are a good
ahs'u;:p!e a'c' votmﬁt (9“) . ‘ example. Their impedance is
e SRR fo—Ll=20ms usually implied as being their

over time, whilst Fig. 2.2c¢ il- B b ¢
resistance’” at a certain fre-

lustrates a sine wave superim-
posed onto a d.c. voltage: we
often say that the sine wave

Fig.2.3. The UK 230V a.c. mains supply is an “r.m.s.”
value and peaks at 325V.

Evervday Practical Electronics, December 1997

quency (say, 1 kHz). Again we
are using multipliers with our
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units: “kHz’’ or "’kilohertz”’ means one
thousand cycles per second.

The Capacitor

Back to our bargain-hungry shop-
pers. Imagine what would happen if
a crowd of shoppers appeared from
out of nowhere, with lots of money
to spend (retailers dream of nothing
else). Because of the laws of supply
and demand, you can bet that you
would soon find shops full of bargains
springing up for them to spend their
money in, see Fig. 2.4a. Imagine that a
blockage appears which prevents our
shoppers from snapping up those bar-
gains - maybe the doors have jammed!

A capacitor is a fundamental
electronic component which has the
capacity to store charge. It uses the
properties of electrical charge in an
analogous way: consider two conduct-
ing surfaces or plates which are
separated by an insulating material,
see Fig. 2.4b.

We can put a charge onto one of the
surfaces by applying a voltage to it.
This would cause an equal and op-
posite charge to appear on the other
surface: shops springing up to absorb
the buying power of all those shoppers!

What is really interesting though is to
consider the behaviour of a capacitor
when we put a voltage across it. In the
circuit of Fig. 2.5a, before we close the
switch S1 we have no current flowing.
As soon as the switch is closed, charge
carriers will be able to move out of
the positive terminal of the battery,
through the resistor R and onto the
surface of one of the capacitor plates.
When they arrive there, they have
nowhere else to go, because of the
Eresence of the insulator, so a charge

uilds up on that plate.

CONDUCTING DIELECTRIC'
SURFACES OR il INSULATOR
PLATES BETWEEN

o]

BLOCKAGE —
| BARGAINS I

e

a) b)

Lﬁ]

Fig.2.4. a) A capacitor can be likened
to a system where shoppers are
attracted to “bargains” appearing. b) A
capacitor is formed of two ‘plates”
separated by an insulating “dielectric”
layer.

Their presence creates a complemen-
tary set of carriers of the opposing
polarity on the other capacitor plate,
where the charge is depleted. Overall,
the capacitor has acquired a fixed
electrical charge.

Measuring Up

We measure the capacitance of a
capacitor in units called Farads (F),
so named after the English pioneer
Michael Faraday. Due to the laws of
physics, the Farad is generally far
too large a unit to deal with, so
we use further shorthand to denote
capacitance in much smaller units:

uF - the microFarad - one millionth
of a Farad (1x10-% if you use
scientific notation)

nF - the nanoFarad -
Farads

pF - the picoFarad - one million
millionth of a Farad (1x10-12
Farads)

So, 1uF = 1,000nF = 1,000,000pF.

1x 10

Don’t worry too much about these
strange symbols, because you will get
used to them with experience. (It is
quite common to drop the F from the
abbreviation and just use the multiple
symbol.)

The greater the capacitance, the
more charge a capacitor can hold. By
making the area of the plates larger,
we can make a bigger capacitor.
Additionally, by putting the plates
closer together we can also increase
the capacitance. The formula which
ties all these things together is:

C=€AlL

C is the capacitance in Farads, A is
the area of the plates in m? and L is the
distance between them in metres.

The plates are separated by a
dielectric which can be various plastics
or even fresh air. The symbol € gives
the permittivity (or dielectric constant)
of the insulating dielectric between the
plates, and is a measure of how
effectively the plates are insulated
from one another.

The better they are insulated, the
more ‘‘powerful” our capacitor: if
you want to make an enormous
capacitor you must obtain two huge
plates, place them very closely to-
gether and fill the gap with a good
dielectric - which is what you would
expect.

In order to express the charge which
is held by a capacitor, multiply the
voltage across the plates by the
capacitance they have:

Q=CxV

where Q is the charge (measured
in units called Coulombs), C is the
capacitance (in Farads) and V is the
voltage.

Check Out: Capacitors

Catalogues are full of different types of capacitor. They

are mainly distinguished by the type of insulating material
used as their dielectric. Some dielectrics are often more
suitable in some applications than in others. The most com-
mon ones you will come across include polyester which
are suitable for general purpose applications in digital and
analogue circuits, timers, audio amplifiers, test equipment,
etc. They range from 1nF (0-001uF) to 2u2F in value.

Polystyrene capacitors are often used where tiny values
of capacitance (a few picoFarads) are called for, whilst sil-
ver mica dielectrics have a high stability making them ideal
for high quality radio circuits. Polypropylene capacitors are
usually associated with high voltages, e.g. mains circuitry.

None of the above capacitors are polarised, which means
you can connect them into a circuit either way round. Care is
needed to ensure that their working voltage is not exceeded,
though.

An alternative type is the polarised type of electrolytic
capacitors. These are associated with very large vaiues
(anything from 1yF to 22,000uF or more), and they are used
as reservoir capacitors or "smoothing capacitors” in power
supplies. They are manufactured in “radial” (p.c.b. mount-
ing) and “axial” styles.

Eilectrolytics suffer from a high “leakage” current (be-
cause the dielectric isn't very good as an insulator) and they
have a very poor tolerance — typical 50% or so! But they are
the only way of obtaining higher capacitance values. Tan-
talum bead capacitors are also polarised, and have a lower
leakage. Memory retention capacitors have an enormous
capacitance — an incredible 1F or more!

L 4
T T

NON POL ARISED POLARISED VARIABLE
CAPACITOR (ELECTROLYTIC)

.I.. ’.I..

L —

AMERICAN EQUIVALENTS

Capacitor circuit symbols as used in
Europe (top) and America.

e One critical aspect of using electrolytic capacitors is that
they must be polarised correctly in circuits. They must
never be subject to reverse voltages, because an internal
chemical reaction could then result in serious damage or
even personal injury. Their polarity is always clearly
marked, so check carefully before use. It is highly dan-
gerous to mess about with electrolytic capacitors, so
treat them with respect, they are perfectly safe if used
correctly.

We show separately, the symbols for capacitors as
used in Europe, but you will commonly come across the
American symbols shown too, especially in American
data sheets.
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In real life, there is a limit to the
amount of voltage you can put across
a given capacitor before the dielectric
fails and allows the charge to dis-
sipate. This is equivalent to enticing
our bargain-hunters so much that they
break down the doors and burst into
the shop to get them! We examine
voltage ratings and types of capacitor
in the Check Out: Capacitors panel.

On Charge

If we were to plot a graph of the
voltage across the capacitor, against
the time from when the switch is
closed, we would get something like
Fig. 2.5b. The rate at*which the
capacitor charges up depends on the
value of the resistor we put in series
with it. (A larger resistance limits the
current which can flow into the
capacitor and causes it to take
proportionately longer to reach the full
voltage.)

and it will be as good as fully charged
in approximately 500 seconds. You
will perform some simple experiments
later, in the Lab Work section, to
demonstrate this.

Note that if there is no resistor but
instead the capacitor is connected di-
rectly across the battery, then in the
instant after the switch is closed we
will have infinite current flow through
the circuit for a brief period because
the capacitor is “empty’’ (discharged)
and is able to take all the charge
carriers we can throw at it. You should
be careful to avoid placing capacitors
directly across voltage sources without a
series resistor, because the capacitor, volt-
age source or even yoursclf could be
damaged by doing this!

There are some cases, though, where
it is acceptable to do exactly that.
Large value capacitors can be used
as decoupling capacitors when they
are connected across batteries. Then,

is then opened. Some capacitors can
hold such potential differences for quite
some time. This is why it is highly
dangerous to fiddle around inside such
things as TV sets even if the power is
off. There are capacitors inside a TV
which can hold very high voltages,
easily enough to kill you! These can
retain their charge for a very long
time, and the ratings printed on the
capacitor’s body will give you a good
clue as to their likely contents!

One of the dreams of electrical
engineers is to produce a capacitor
which has a very large capacitance but
in a very small package. If we had
such beasts we could use them instead
of batteries. Capacitors used as bat-
teries have lots of advantages; they
would charge very quickly and hold
their voltage for a long time. Memory
back-up capacitors are commonly
used, including the popular “Gold
Cap” which might find its way into a
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Fig.2.5. a) A capacitor will slowly charge up through a resis-
tor R when the switch S1 is closed. b) A typical graph
showing how a capacitor charges in a curve. It reaches 63
per cent of its final value in RC seconds (see text).

What we have, in fact, described is
what is commonly called an RC net-
work - a capacitor in series with a resis-
tor. Whenever you see an RC pair in a
circuit, think “time delay”. The value
of R (Ohms)x C (Farads) is called the
time constant, in seconds.

Whilst capacitors do not charge in a
straight line (linear) fashion over time,
but charge in an exponential curve in-
stead, some rules of thumb are helpful
when dealing with RC networks - the
RC and 5RC rules:

R (ohms) xC (Farads)=the time in
seconds for the capacitor voltage to
charge up through resistor R to 63%
of the applied voltage; or

R (ohms) xC (Farads)=the time in
seconds for the capacitor voltage to
discharge through resistor R to 37%
of its final value;

5x R (ohms) C (Farads) = the time in
seconds for the capacitor to get to
within 1% of its final or “terminal”
voltage. C

Thus, if you have a 100uF
(microFarad) capacitor in series with a
1M (one megohm) resistor, applied
across a 12V supply, the capacitor will
charge to 63% (7-56V) in 100 seconds,

they help to compensate for the fact
that the battery may be unable to keep
up with a sudden change in demand
(for example a loud note on your tran-
sistor radio) by acting as a “‘reservoir”
of electrical charge.

At this stage we should recall that a
movement of charge carriers constitutes
an electrical current. However, it is
very important to realisé that a cur-
rent has not actually flowed "through”
the capacitor - because an insulator is
placed between the two plates - al-
though it seems as though a current
actually has done so by the illusion of
adding a charge onto one plate, and
depleting the charge on the other!

The charge cannot move “through”
the capacitor because the two plates
are separated by an insulating layer or
dielectric — see the box Check Out:
Capacitors. Some types of capacitor
perform better in some circuits than
others, so the choice of dielectric
is important. Furthermore, some
capacitors including electrolytic types
are polarised, so it's critical that they
are connected the right way round or
serious damage can result.

Once the capacitor is charged, the
potential exists between the two plates,
even if the battery is removed or the switch

Everyday Practical Electronics, December 1997

Fig.2.6. A charged capacitor will dischar’ge through resistor
R as per the curve shown. The value
time for its voltage to fall to 37% of its final value (see text).

C seconds is the

hi-fi, where it would help the tuner to
remember its frequency settings even
when the mains power is switched off.

Discharge

A capacitor will be discharged by
connecting the plates together, ie. by
touching one terminal wire to the other.
This allows the charge carriers stored
on the capacitors’ plates to move, in
order to balance the charge on each
plate. It results in a current flowing
which can be very large, if short lived.
For this reason you should ot connect
the two capacitor terminals directly
together; instead you should always
discharge your capacitor through a
“bleeder” resistor which will limit the
current flow to a safe value.

A typical discharge curve of a
capacitor is shown in Fig.2.6. Once
again, an RC network is used to
generate a time delay, this time by
discharging a fully-charged capacitor
down through a resistor towards OV.
However, we need to use further
electronics before we can do anything
useful with the time delay in a practical
way.

In Parallel

You can increase the value of a
capacitor in a circuit by adding
another capacitor in parallel with it. It
is the same as adding another
set of plates alongside the existing
pair. When two or more capacitors
are in parallel, merely add their
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values together to calculate the total
capacitance. (This is the exact opposite
case of resistors in parallel, which are
reduced in value overall, when placed
in parallel.)

leﬂl =C1+C2+C3elc.

If we waggle the potential (voltage)
on one plate of the capacitor by ap-
plying an a.c. signal to it, the poten-
tial on the other plate will change in a
corresponding way. The higher the
frequency of the a.c. signal, the easier
it is for this transfer to take place.
This means that the impedance of a
capacitor decreases with frequency.
A special term is used to describe
the impedance of a capacitor - it is
capacitive reactance, symbol X,.

For now, all you need to know is
that a capacitor's reactance will fall
when the frequency increases. This
frecl‘uency-dependence makes it useful
in the world of “filters” - e.g. a simple
tone control on a radio - where we
might want to reduce certain fre-
quencies within a signal.

Inductors

Meanwhile, back at the January
Sales in our department store, a crowd
of shoppers is queuing at one door
when they see another crowd moving
purposefully towards another door.
Sensing bigger and better bargains to
be had, they decide to follow those
shoppers and they start moving them-
selves! Surprising as it may sound,
charge carriers behave just like this!

Without getting too much into the
physics, it is known that a moving
charge carrier generates a magnetic
field around it, which exerts a mag-
netic force on other moving charges. If
the carrier is moving at a constant
speed, the magnetic f%eld is constant:
change the speed of the charge car-
rier and the magnetic field around it
changes. The relationship between a
magnetic field’s charge carriers, and
the surrounding magnetic fields them-
selves, is such that:

a)a moving charge carrier produces
a magpnetic field, and

b)a change in magnetic field causes
other charge carriers to move.

Coil

Normally, the magnetic field
produced by charge carriers on the
move doesn’t affect other charge
carriers, because we lay wires out in
straight lines so you don’t notice the
tiny magnetic field. However, if we
wind our wire closely together to form
a coil then the effect becomes much
more pronounced.

When you apply power to a coil,
charge carriers moving through it gen-
erate a magnetic field which surrounds
the coil. This “growing’’ magnetic field
acts on other charge carriers, absorb-
ing energy and dragging them along,
just like one crowd of shoppers might
cause another to start moving.

Once the current flow is established
and the magnetic field is constant, the
coil conducts just like an ordinary
piece of wire. However, changes in the
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current flow will cause changes in the
magnetic field, the magnetic forces of
which will act on other charge carriers
and affect the way that the current
flows.

If we suddenly disconnect the
power to a coil, the magnetic field
surrounding it collapses in an in-
stant and “implodes”, inducing large
charge carrier movements in that split
second, which can cause sparks to
appear! This trick is often used to good
effect, for example the huge voltages
needed to make a spark jump across a
spark plug and ignite the petrol in a
car engine, are produced by an
"ignition coil”’ in this way.

o)
PRIMARY SECONI
INPUT | wiNDING WINDING ouTPUT
o)
a)
STEEL LAMINATIONS
(CONNECT TO EARTH
IF NECESSARY)
AP
INPUT \
ouTPUT
b) —

Fig.2.7. a) The transformer's sche-
matic symbol showing primary and
secondary windings, plus the steel
laminations that make up the core.
b) The autotransformer has electrical
“taps” on its main winding instead of
segarate secondary windings. They do
NOT provide electrical isolation from
the supply.

Back E.M.F.

In other words, when power is
removed, a coil can have a voltage
induced into it when its surrounding
magnetic field implodes back into the
coil. This causes serious problems in
microelectronics because even a low-
voltage coil (operating at say, 6V),
generates a massive reverse pulse when
it's switched off, say -300V or more!
This is called back e.m.f. and precau-
tions are needed to ensure that it is
suppressed so that it does not cause any
damage to sensitive electronics.

It is no surprise then that the alter-
native term for a coil is inductor. 1t is
convenient to think of inductors as
having the’ reverse characteristics to
capacitors. A capacitor will only ap-
pear to “conduct” if the voltage on
one of its Elates is changing, i.e.
capacitors “like’’ changing voltages!

A coil acts in quite the opposite
way. If you start changing the voltage
on a coil then voltages will be in-
duced which will try to stop you; they
"hate” changing voltages. This means
that the impedance of coils increases

The solenoid converts a current flow
through a coil into mechanical move-
ment to operate a lever or bolt.

with frequency. The term used for the
impedance of an inductor is inductive
reactance, symbol X.

The magnetic field produced by a
coil is often used to do real work. A
solenoid is a device which is used to
convert a current flow into mechanical
movement of a lever or plunger. Cur-
rent passing through the coil in the
solenoid magnetises an iron core which
then attracts the moving component.

A relay is simply a solenoid which
moves a set of electrical contacts form-
ing a switch. Relays are used to allow
a small signal (say a low d.c. voltage)
to switch a larger one (e.g. a large
mains load).

If you had the will, you could con-
struct a computer entirely by using
relays as your switches (this is how the
first computers were actually made).

However, the rate at which a relay
can turn on and off would severely
limit the speed of your device. Modern
digital electronics uses the transistor,
a switch which can be made to turn
on and off many millions of times in
a single second, as we shall see in
forthcoming parts of Teach-In.

Coils and Alternating

Current - Transformers

If we pass an alternating current (a.c.)
through a coil, it will create a surround-
ing magnetic field which rises and falls
at the frequency of the applied voltage.
If we place another coil in a changing
magnetic field, this will induce a volt-
age into that coil. This is the principle
by which transformers work. One coil
generates the magnetic field, the other
has voltages induced into it.

The useful thing about a dual-coil
transformer is that there is no direct
electrical connection between the two
coils. This benefit is called electrical isola-
tion. The fact that we can transfer volt-
ages in this way is a strong argument in
favour of an alternating current mains
supply.

When considering what makes up a
transformer, you find that they usually
contain at least two coils (see Fig. 2.7a).
The coil which is connected to the main
supply input is called the primary. This
produces the magnetic field which in-
duces a voltage in the secondary coil
placed nearby. The “turns ratio” of the
transformer is the ratio of the num-
ber of turns of wire (winding) on the
primary coil to the number of turns on
the secondary coil.
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As an example:-

e If we have 1,000 turns on our
primary coil and 500 turns on our
secondary coil, then we have
created a step down transformer
with a 2:1 ratio. If we put a 230V
a.c. signal across the primary
we would see a 115V a.c. sig-
nal across the secondary. (Such
things are sometimes used to
connect devices made for the
American (115V) market, to the
European 230V a.c. supFly).

® We can use other transtormers to
step down from the potentially
lethal mains voltage, to a safe low
a.c. voltage, say, 6V a.t.

A transformer in a simple mains
adaptor which needs to produce a
low voltage will have a large num-
ber of turns on the primary side,
with a smaller number of turns on

the secondary. A transformer actually
known as an isolating transformer has a
1:1 turns ratio, and it means there is no
direct connection to the mains supply.
Workmen using power tools will often
be seen to use an isolating transformer
for safety.

Transtormers are manufactured in
two common styles, either for chas-
sis-mounting or p.c.b. (printed circuit
board) mounting. A third type called a
toroidal transformer is spheroid-shaped
and is used in high quality applica-
tions. Note too that most transformers
are wound around a laminated steel
core, and this may be shown in the
circuit diagram as a series of verti-
cal lines - in some applications, this
may need to be connected to electrical
Earth for safety.

An autotransformer (Fig. 2.7b) only
has one winding with electrical “taps”
taken from the coil in place of having a

separate secondary winding, somewhat
like a voltage divider (see the previous
part of Teach-In). This means there is
no isolation from the primary, some-
thing which must be remembered when
safety issues are at stake.

The Diode

Semiconductor materials are special
substances which are neither perfect
conductors nor perfect insulators; they
can, however, be “persuaded” whether
or not to allow charge carriers to pass
through them. By taking certain chemi-
cal elements, introducing minute im-
purities into them and then placing
differently treated pieces next to each
other, you can create semiconductor
devices with very complex behaviours.

A full course in semiconductor tech-
nology is beyond the scope of Teach-In,
instead each device will be presented
purely in terms of what it is seen to do

Small collection of relays. (Courtesy Maplin.)

Coils, Extension Leads
and Molten Plastic

The fact that a wire will behave differently when
wound into a coil, is the reason why you can have
problems with mains extension leads. Most of these
come packaged on a little winder or cable reel. When
you want to use the extension, you unwind one end to
the desired length. This leaves you with a coil inside the
winder. The expanding and contracting magnetic field
caused by the alternating current flowing through the coil
causes it to absorb energy, which eventually produces
heat.

Consumers have actually melted their extension
cables by using them to drive small appliances which
would normally be well within the cable rating; they failed
to unwind enough cable, so they had a coil remaining in
the cable winder. When using mains extension cables,
you should unroll all of the cable before you switch on,
to avoid starting an electrical fire. You often find them
marked with two current ratings — one wound and the
other unwound.

TRANSFORMERS and POWER

e It might be thought that we can use transformers to amplify
an alternating signal. For example, starting with a one volt
a.c. signal, which we want to transform into 100 volts a.c., a
possible design would be for a step up transformer with a
turns ratio of 100:1. If the one volt signal is fed into the
transformer we could expect to see 100 volts on the output.

However, there is an old Yorkshire principle which states
“You don't get "owt for nowt”. A 100V signal would appear
at the output of our transformer, but the current which
would be available from the signal might be too small to do
any useful work.

e |t must be remembered that to do “electrical work™ you
need power, and that power is the product of voitage and
current (P=1xV). A transformer can increase an alternating
voltage, but because you cannot get more power out than
you put in, the amount of current which would be availabie
on the output would be greatly restricted. Hence, the power
on the primary winding side is about the same as the power
on the secondary side.

e If you want to amplify a signal then rather than trying to
boost it with, say, a transformer you must use that signat to
turn another larger one on or off. This principle is used right
throughout electronics, from relays to valves to transistors
as we will see in the next part of Teach-In.

A transformer is often used to change a voltage, but it

(Left to right) miniature chassis mounting mains trans-
former, p.c.b. mounting mains transformer and a typical
“bolt” type solenoid.

can never be used to amplify something. Furthermore, it's
worth remembering that transformers can't do anything with
direct current signals. though they will respond to pulsed
signals.
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Fig.2.8. Application of the diode as a
“one-way” conductor of current. The
diode D1 is “forward biased".

when connected in a circuit. The diode
is the first of these semiconductor based
devices.

A diode is unique in that it will only
allow a flow of charge carriers in one
direction. Harking back to the shopper
analogy, a diode is the shopper equiv-
alent of a turnstile. Shoppers can pass
through the turnstile in one direction,
but will be stopped by the ratchet if
they attempt to travel the other way.

Diodes have two terminals clearly
marked as shown in Fig. 2.8. They are
the anode (a) and the cathode (k). In
practice, diodes are marked with a
stripe at one end which usually iden-
tifies the cathode terminal. Heavy-
duty diodes which are capable of
carrying lots of current are called
rectifiers.

For a silicon-based semiconductor
diode to conduct, the anode must first
of all be 0-6V more positive than the
cathode. This is similar to a shopper
having to press hard enough to
operate the turnstile to begin with,
after which he can freely walk
through.

Once it is conducting, current flows
through the diode from anode to
cathode and it maintains roughly this
same forward voltage constantly, with
the anode staying 0-6V more positive
than the cathode. In its conductive
state, the diode is said to be forward
biased.

A diode will not normally conduct
in the reverse direction, when it would
be reverse-biased. However, if the
reverse voltage is sufficiently high the
diode itself will break down and begin
to conduct. This is the same as our
shoppers seeing so many attractive
bargains on the far side of the turnstile
that they smash their way through and
force the turnstile to rotate in the
opposite direction!

This may or may not cause ir-
reparable damage, depending on the
tyﬁe of diode, because if we know at
what point this breakdown occurs, we
can take advantage of this very effect
to create a fixed reference voltage — one
that it stable. This principle is utilised
in the Zener diode, discussed shortly.
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The L.E.D.

The light-emitting diode (or le.d.)
is made from a very special form of
semiconductor material which emits
light when it conducts. The light is
given out at a particular frequency,
which determines the colour of the
light emitted. L.E.D.s are more effi-
cient than light bulbs in converting a
current flow into light, and they last a
lot longer - virtually for ever.

Although they could be used as
simple diodes, they are most often
used for signalling and displays. Even
some car lighting systems now use
le.d.s in place of their filament coun-
terparts. Some le.d.s are available
which include a miniaturised flasher
circuit. Other versions operate at infra-
red, not visible to the human eye (your
TV remote control uses these).

The schematic symbol of an lLed.
is shown in Fig. 2.9, with pinouts.
Again they have an anode (a) and a
cathode (k), and they must be correctly

larised or they won’t illuminate. (In
act they will be damaged if connected
to too high a reverse voltage). Notice
how a series limiting resistor R1 has
been used.

Fig.2.9. The basic operation of a light
emitting diode F(’/.e.d.), with a series
limiting resistor R1.

The forward voltage (V¢) of a typi-
cal red colour led. is about 1-8V or
so, and this voltage appears across the
le.d. when it is illuminated. The pur-
pose of the resistor is to limit the cur-
rent to a safe value, and also to “drop”
the remainder of the voltage in the cir-
cuit. You'll often see limiting resistors
used like this, and you need to under-
stand how to calculate their value.

First, obtain the forward voltage
value V¢ from any data available (e.g.
a catalogue or data sheet). At the
same time, determine the forward
current (I) value. (In the case of
le.d.s, there is nothing to be gained
by running the device at maximum
current, so anything between 10mA
to 20mA or so is fine, lower in the
case of "'high efficiency”” types.) Also
determine the supply voltage, Vs,
then the series limiting resistor is
calculated as follows:

Rs= Lvilfﬁohms
A typical 1-8V lLe.d. running from
12V at 10mA would require a 1-02k
resistor - so use the nearest value, a 1k
E12 type. The resistor will dissipate
(I2R) ly&)emw so a 250mW type is fine.

The Zener Diode

Unlike ordinary diodes which con-
duct when forward biased, Zener
diodes are deliberately used back to
front! By reverse biasing them (see Fig.
2.10) a stable voltage will be observed,
which can be used to place a steady
voltage across a load. Later in the
series you'll learn that digital devices
require a reasonably stable supply
voltage to work reliably, and the Zener
diode is one way to create cheap,
low-power stable voltages.

The Zener diode, D1 in Fig.2.10
requires a series current limiting
resistor R, to prevent damage. Zener
diodes are manufactured in a range of
fixed values, and they usually have a
tolerance of 5 per cent or so.

Fig.2.10. Basic arrangement of a
Zener diode. D1 provides a 5V
regulated supply to a digital circuit.

In Fig. 2.10, the current ItoraL is the
total of the current drawn by the load
(ILoap) plus the current taken by the
Zener (I,), and is a constant figure.
When the load current varies, the Zener
draws more or less current to compen-
sate, This means that if no current at all
is taken by the load (a digital circuit in
this example), the entire current ItoraL
will flow through the Zener, whose
power. dissipation rating should allow
for this.

Zener diodes are cheap and effective
at providing voltage regulation (also
called stabilisation) - the ability to
provide a constant voltage even if the
load current varies - but there are
better ways in the form of integrated
circuit regulators. These are overheat-
proof and short-circuit proof, and
indeed one such device, the highly
popular LM317T, is used in the
recommended mains adaptor.

In the next parts of Teach-In coming
ur, we get to grips with power sup-
plies in preparation for utilising our
first digital chips. We'll describe a way
in which the reader can add a 5V d.c.
range to the suggested mains adaptor,
ready for it to operate digital circuits.

We shall also be discussing the use
of transistors as switches, which form
the very basis of all logic devices, after
which we introduce the first fundamen-
tal logic integrated circuits (i.c.s).

Now go to the Lab Work section and
try our simple practical experiments
using capacitors, RC networks and a
variety of simple semiconductor com-
ponents outlined in this part of Teach-
In. If you need a refresher on using
your Digital Multimeter and plug-in
“Breadboard", check back to Part One.
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An oscilloscope is a piece of test
equipment which traces a graph of
voltage against time, so that you can
actually see what is going on in a circuit.
A cathode-ray oscilloscope (c.r.0.) uses
a cathode-ray tube (c.r.t.) like a small
television screen to display the graph,
whilst liquid-crystal displays (l.c.d.) may
be used on the latest compact
instruments.

A twin-beam oscilloscope has two
independent channels so that you can
compare one signal against another.
The most advanced digital storage oscil-
loscopes have a memory in which
waveforms can be saved for future
reference — or even printed out — and
they may show even more data on the
screen, includirg a digital readout of the
signal frenuericy and amplitude. It is
also possible *> utilise a personal com-
puter as an oscilloscope, by using
suitable PC software and hardware.

in Control

The voltage/time graph is plotted on a
screen grid or graticule. The vertical
deflection of the blip or trace is di-
rectly related to the input voltage being
measured. This will be controlled by a
switch calibrated in Volts per Division —
so the larger the signal voitage, the
higher the trace will be deflected up the
display.

The horizontal setting is directly re-
lated to time, and a control called the
timebase causes the trace to sweep
across the screen at a fixed rate
(anything from microseconds to seconds

OSCILLOSCOPES: For your eyes only

Oscilloscope screen and front panel controls.

or more, per division). This determines
how many waveform cycles you can
squeeze into the available space on the
graticule.

The other basic controls of an oscillo-
scope include an input selector switch, to
select either a d.c. or a.c. signal (where,
if desired, you can remove any d.c. bias
from the signal, if present); a trigger con-
trol which will synchronise the trace so
that it locks the waveform into place on
screen, and focus and intensity controls
to adjust the cathode-ray tube trace.

Caution

Great care is needed when connecting
an oscilloscope because the OV input
terminal is linked to (mains) earth. There
is a real danger of shorting out a mains

voltage signal if you accidentally connect
a “live” voltage directly to the oscilloscope
OV input. A trainee should never attempt
to measure higher voltages with an oscillo-
scope unless under proper supervision.

Oscilloscopes have a high input im-
pedance so that they don't load the circuit
under test. However, an oscilloscope X10
probe may be used to increase the input
impedance by a factor of ten, which may
help prevent loading of the circuit under test.

Although only the serious enthusiast or
engineer will want to own an oscilloscope,
it's important that you recognise their basic
controls, how to set them up and how to
interpret the display, but this only comes with
experience and training. Try to check one
out if you possibly can, being careful to treat
them as delicate instruments.

Computer Simulators

Professional circuit designers often make use of computer
simulators. A simple example simulation is shown here —itis a
SPICE (Simulation Program with Integrated Circuit Emphasis)
simulation. SPICE is an industry- standard type of analogue
circuit simulation. It helps you to design circuits and analyse
their behaviour, on a computer screen.

Most simulators have graphical user interfaces which allow
you to draw circuit diagrams of the circuit you want to simulate,
however the real guts of the simulator (which calculates what
happens in the circuit) reads a text file (created by the graphi-
cal user interface, or typed in by the user)

The RC circuit (a) has a voltage source which switches
between 0V and 1V. This causes the capacitor to charge and
discharge as shown in the screenshot. The second circuit
shown in (b) will behave in a similar way, this simply shows
more explicitly how a voltage switched between 0V and 1V
might be achieved using a two-way switch.

The upper waveform plot shows the input voltage labelled
V), the middie waveform is voltage across the capacitor
(labelled V(oyT)) and we can even calculate the current flowing
on and off the capacitors plates as it charges and discharges
(labelled (C1)).

Simulation lets you try out your ideas or alternative designs
without building any hardware. You can prove the functional
correctness of your design before you build it. Simulation al-
lows you to study a circuit's behaviour under a wide range of
conditions. You can study best and worst case scenarios (e.g.
variations in temperature and component specifications), which
may be difficult to set up using a prototype in a lab.

Computer Aided Design (CAD) tools (of which a simulator
is one example) help designers manage the complexity of
modern electronic design. Computers can handle large quan-
tities of data and perform detailed calculations, while designers
provide the creative input.

Screenshot of the charge and discharge of a Capacitor.
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TEACH-IN 98

LAB
WORK

Objectives: observing the charge and discharge
characteristics of a large-value capacitor, making
allowances for a multimeter’s internal resistance. Testing
the conduction and forward voltage of a rectifier diode,
and utilising a light-emitting diode with a series resistor.

over to your mains adaptor as before,
improvising with test leads as necessary.
Set your multimeter to 20V d.c. and apply
the probes across the capacitor.

Check the slowly rising voltage and
maybe record some results (say, every five
seconds) to see how the charge curve
develops for a few minutes. Did the
capacitor charge up fully as expected? We
doubt it!

The chances are that your capacitor will
fail to charge to the full supply voltage,
but will seem to stick at well below the
12V, say 6V or so. Strange! The reason is
that your multimeter has an internal resis-
tance of its own. The spec. sheet for the
Monacor DMT-1010 says it has an input
resistance of 1M (one megohm).

It means that you are placing a nominal
IM resistance in parallel with the timing
capacitor, so you are forming a potential
divider along with resistor R1. Thus, by
potential divider action, the capacitor volt-
age is eventually ‘‘clamped’’ at half the
supply rail.

Lab 2.1

LTHOUGH your multimeter is your best
friend, even the best of friends can
m

islead you from time to time! It’s impor-
tant you understand that test equipment can 1
be far from perfect. This experiment high-
lights an imperfection in a typical modest
multimeter, as we attempt to test a capacitor
charging through a resistor.

In Fig. 2.11, R1 is a 1M resistor and C1
a 100uF electrolytic capacitor across a

Your meter has loaded this circuit
undesirably, affecting its performance by
a huge margin. The ironical thing is,
the circuit will behave properly and the
capacitor will charge fully, but only if you
do not connect the meter to see it in the
first place! Thus your meter has influenced
your test results in this example.

For this demo., one way round this is to
compensate by reducing resistor R1. The
meter’s resistance will then have compara-
tively less effect, being larger in com-

12V supply. What is the theoretical RC

parison to the timing resistor and loading

constant for this network? (100 seconds).
So in theory the capacitor should reach
63% of its full voltage (say 7-5V) in 100
seconds or so.

Set your mains adaptor to 12V d.c., then
build the RC network of Fig. 2.11. Use
your solderless breadboard to connect the

Fig.2.11. An RC network charging from
the 12V mains adaptor. Connect a
second capacitor C2 and repeat the
measurements.

two components. The electrolytic must be
connected the right way round (either an
axial or radial type will be OK). Hook

the circuit less.

Repeat the test using a 100k resistor
for R1. The capacitor will now gradually
charge to some 11V or so. Sketch a simple
graph using your latest readings. Add a
second 100pF electrolytic capacitor C2 in
parallel, and repeat the experiment. What

—_— You Will Need

o Resistors: Tk, 100k, 1M YW, optional 33k and 220 ohm to 2k2
resistors as available.

Capacitors: two 100uF 25V electrolytic capacitors, optional
470uF or 1,000uF electrolytic capacitor.

e Semiconductors: 1N4001 rectifier diode, a variety of different

coloured light-emitting diodes as available, including red.

e Miscellaneous: 6V 0-06A MES bulb in holder, connecting wire

and test leads.
Equipment: digital multimeter, solderless breadboard and multi-

oulput voltage mains adaptor.

® A power supply capable of producing 6V and 12V d.c., and
around half an amp (0-5A) of current.

We suggest a “regulated” short-circuit proof plug-in mains
adaptor capable of providing at least 6V, 9V and 12V d.c. at up
to 500mA (0-5A) or more. You could improvise with test leads
(e.g. crocodile clip leads) to hook up between the mains adaptor,
low voltage, d.c. output leads and the demo circuits.

Some readers may be able to solder together a suitable adap-
tor lead, enabling you to use red and black insulated crocodile
clips as “flying leads”. We made such a lead by soldering a pair
of wires to an in-line socket that matched one of the mains
adaptor's d.c. output plugs.
® A modest digital multimeter (DMM) capable of measuring d.c.

voltages, d.c. current (perhaps with a 10 amp socket), and resis-

tance up to 2M( or more, will be fine. Check out the box "How to

use your multimeter” before starting your lab work (Part 1).
® A set of modest hand tools: electronics wire cutters/insulation

strippers, pointed-nose pliers, flat-blade screwdriver to get you

started.

o Initially, in order to avoid soldering, a solderless plug-in “bread-
board” is used. This means that low-power, low-voltage circuits
can quickly be built and modified. E.G. a “Protobloc 2" which has

two banks of 64 rows, plus supply strips. These interlock with

other Protoblocs for larger projects.
® Some wire (obviously). Single-core “bell” wire is best here be-

cause it is easiest to push into the breadboard. Consider buying

a few metres of different colours so that you can colour code the

various connections to help with checking. Even surplus tele-

phone wire is fine.

When considering your lab work, it is worth bearing a few things in
mind. You'll discover that many components are fussy about their
polarity (i.e. which connection is positive and which is negative).
Incorrect connection can therefore have potentially messy (and ex-
pensive) results. Do NOT adjust your circuit with the power switched
on; assemble everything first, check it and then apply the power.
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does this tell you about parallel capacitors?
(You add their values together.)

As an optional experiment, to compen-
sate for the meter’s resistance even more,
reduce the resistor further (say 33k(), and
increase the capacitor more — to 470pF
or 1,000pF, whatever you have available.
You will gradually observe a more ideal
curve when you plot these results. The time
constant witnessed will not be very ac-
curate, because of the high leakage and poor
tolerance of electrolytic capacitors.
® A meter’s internal resistance can have a

loading effect on some circuits under

test, which affects the accuracy of the
readings. This problem is reduced on
test equipment having a very high input
resistance ( = a good thing to have).
Otherwise, try to ensure that the input
resistance of your meter is, say, ten times
greater than the resistance of the circuit
being tested, to avoid loading effects.
® In a low energy circuit like this one, you
can short out the capacitor with

a wire to discharge it and start

again. Generally, you should discharge

electrolytics through a low value resis-
tance (e.g. 100 ohms or more) to play
safe.

-
+ [o) 100k
o
! FLYING +
—— Gscwnce)| A0 \
— c1 o+
(MAINS - 1
ADAPTOR) 20 M

Fig.2.12. Experimental circuit to ob-
serve the discharge of an electrolytic
capacitor.

Lab 2.2

Attempt to measure the discharge of
the capacitor Cl in Fig. 2.12. Assemble
resistor R1 and electrolytic capacitor C1
on the breadboard, observing C1 polarity,
and use a wire (a flying lead) like a
switch, to connect the resistor first to the
+ 12V rail (charging), then to the OV rail
(discharging).

Try using different values of resistor
and capacitor to see what time delays are
produced. Plot a graph accordingly.

Z e =
b .y

Measuring the voltage across the electrolytic capacitor.
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Lab 2.3

Check through a supplier’s catalogue
and see how many different types of

capacitor dielectric you can identify.
Compare prices, size, voltage and
dielectric. Also check through the

transformer section to see what's avail-

able, and the styles they are manufactured

in.

® Variable capacitors are used for tuning
radio frequency and oscillator cir-
cuits. They have a very low value
(picoFarads), and some of them use
fresh air as a dielectric!

Fig.2.13. Investigating the conduction of
a rectifier diode. The cathode (k) end is
usually denoted by a coloured band.

Lab 2.4

The circuit of Fig.
2.13 shows a rec-
titier diode DI, type
IN40Ot, placed in
series with a 6V
0-06A bulb LPl (as
used in the previous
Lab Work). Set your
mains adaptor to 6V,

See if you can
assemble this circuit
by inserting the diode
into your solderless
breadboard. Identify
the rectifier’s anode
(a) and cathode (k)
leads. Hook up the
adaptor and bulb
using solid-core wires
connected to the
breadboard.  Which
way round must the
rectifier be, to make
the bulb illuminate?

® Current will only flow through an or-
dinary rectifier diode from anode to
cathode.

Lab 2.5

Retain Lab 2.4, and use your voltmeter
on its 2000mV (2V) range to measure
the voltage appearing across the rectifier
diode. What is this forward voltage? (We
measured 766mV.) Which is the more
positive end of the diode? The voltage
drop means that there is less voltage
available to drive the light bulb.

If you have the recommended multi-
meter, disconnect the power supply, then
select the **Diode’” symbol on the Range
switch (diode check). The meter will now
measure the forward voltage of any ordi-
nary diode, and display the forward voltage
in mV. We measured 800mV - you can
expect very slight discrepancies because the
forward voltage slightly depends on the
current flowing through it.
® A diode can sometimes be checked

for **go-no-go™" operation by using the

diode check range in both directions. It
may display an overflow **1"" in the

l.c.d. display when reversed. This plus

a forward voltage of roughly 700mV

indicates correct operation.

Set-up for connecting the bulb and adaptor (6V) in series
with the rectifier diode (D1). The adaptor supply leads are
the ones with insulated crocodile clips attached.

Measuring the voltage appearing across the diode D1.
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Lab 2.6

The circuit diagram of Fig. 2.14 shows a
light emitting diode D1 in series with a 1k
limiting resistor R1. Assemble this on the
breadboard.

Using any ordinary red l.e.d., identify
its anode (a) and cathode (k) leads before
pushing them directly into the breadboard,
correctly polarised, then add the resistor.
Set your mains adaptor to 12V and apply
the voltage. The l.e.d. should illuminate (if
not, re-check the pin-outs).

Use your voltmeter to measure the volt-
age dropped by R1 and across the le.d.
Also measure the current flowing into the
resistor, by setting your meter to a safe
200mA current range initially.

See if you can confirm the equation for
calculating the series limiting resistor, as
described in the main tutorial. Can you

) ‘\

A1
1k (2200 v
+ Tox2)

Fig.2.14. Using a light emitting diode
(l.e.d.) with a series resistor. See what
effect changing R1 has on the bright-
ness of the l.e.d.

Using the breadboard to wire a light emitting diode in series with a limiting

resistor (R1)

calculate the resistor’s power dissipation?
(VIR).

If possible, substitute different colour
l.e.d.s and notice the difference in forward
voltage. Also try using a high-efficiency
(high brightness) type to see what dif-
ference this makes.
® Try substituting the series resistor for

lower or higher values (anything be-

tween 220 ohms to 2k2) to see what
effect this has on the brightness of the

l.e.d. — there’s little to gain by running

them *‘flat out’* at SOmA or so!

End of Lab 2 Tasks

You should now know how capacitors
charge and discharge through a resis-

tor, and can observe this with a digital
voltmeter. You can utilise rectifiers and
light-emitting diodes and identify their lead-
outs, and calculate series limiting resistors
for l.e.d.s. You can also perform basic diode
checks on rectifiers using your multimeter.
Don’t forget that you can write to us
or E-mail us at Teach_In98@epemag.
demon.co.uk if you have any specific
queries or comments about this series.

In Lab Work 3, we shall delve fur-
ther into power supplies, then with the
foundations laid we prepare to enter the
world of digital electronics, commencing
with that most fundamental component
of digital wizardry, the Transistor.

EPE NET ADDRESSES

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:

K131: This kit akemnately flashes two
bright red LED's, but is capable of

PIC-project source code files: /pub/PICS

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!

EPE text files: /pub/docs

Basic Soldering Guide: soider.txt

EPE TENS Unit user advice: tens.doc and tens.txt

Ingenuity Unlimited submission guidance: ing_unit.txt

New readers and subscribers info: epe_info.txt

Newsgroups or Usenet users advice: usenet.txt

Ni-Cad discussion: nicadfaq.zip and nicad2.zip

UK Sources FAQ: uksource.zlp

Writing for EPE advice: write4us.txt

Ensure you set your FTP software to ASCI| transfer, when
fetching text files, or they may be unreadable.

EPE Website: http://www.epemag.wimborne.co.uk
Check it for up-to-date information on FAQs, subscribing,
buying PCBs and Back Issues via our new Secure Server.

E-malil addresses:

Circuit Surgery: alan@epemag.demon.co.uk

Reader services: editorial@epemag.wimborne.co.uk

Teach-In '98, queries and feedback:
Teach_In98@epemag.demon.co.uk

Webmaster, for comments and feedback about the web and
FTP sites: webmaster@epemag.demon.co.uk
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flashing a bank of up to 30 LED's. ideal  With every order over £15 (goods value)
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Supplied with all the components, a PCB, v before It 9971
battery clip, onjoft switch and full * Price &
instructions. The kit can be purch
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Constructional Project

IMMOBIL/SER

PAUL BRIGHAM —— f

Here’'s a novel jack-in-the-box
to rfool Jack-the-Lad’'s
intentions on your car!

ITH the ever increasing rate of
car crime we all hear and read
about (who do you know who

hasn’t been a victim?) the author decided
to design an anti-theft device which could
be fitted to his car in the hope he would
not become a victim too.

The Car Immobiliser is intended to be
more than just a deterrent. It immobilises
the vehicle by cutting vital electrical cir-
cuits after a set period once it has been
parked, actively helping to prevent it being
stolen.

The unit has also been designed to
prevent the vehicle from being ‘‘hot
wired'’, bump started or started via the
ignition switch, unless the correctly
“‘coded key'" is first inserted into the dash
mounted socket.

It was felt to be important that no addi-
tional inconvenience should be caused to
the authorised user when starting the car,
otherwise the unit would prove to be im-
practical. Thus, prior to starting the car, all
that is necessary is for a 6mm jack plug to
be inserted into a dash mounted socket and
then pulled straight out again. From this
point onwards the car can be started and
driven as if the unit was not fitted at all.

Once the ignition is switched off, the
unit will self-arm without any further in-
tervention from the driver. ensuring the car
returns to its safe immobilised state.

The author’s unit works perfectly and
without inconvenience. It even allows
enough time to re-start the car after stalling
it, and it provides peace of mind to know
that it will self-arm after every journey.

CIRCUIT
DESCRIPTION

Referring to the circuit diagrams in

Fig.l and Fig.2, the design is based
predominantly around ICl. a type 324
quad op.amp. which is wired as a voltage
comparator. The i.c. compares a fixed
voltage of 6V, set by resistors R6, R7 and
R8. with that of an input voltage set by R4
and the resistor inside the jack plug. RS.

Any value between about 1k and
100k can be used tor R4 and RS,
providing they are equal. For obvious
security reasons, a precise value is not
suggested.

To prevent a potential thief from
“scanning’’ the key with a potentiometer
to find the correct value for RS (should
the nature of the jack plug key be known)
a special type of jack socket (SK1) is
used. The socket incorporates a change-
over switch which is operated when the
plug is inserted.

Upon insertion of the plug, RS is placed
in circuit between R4 and transistor TR1

D2
1N400Y aN
GANGED T
WITH SK1a i« —0
12V
) bS]
51
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iNatea
K
(320 |
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o
]

immobiliser.

Fig.1. The main control circuit diagram for the Car
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via socket contacts SK1a. At the moment
of insertion, the contacts of SKIb close
and TR1 is switched on briefly via R1 and
capacitor C1. This completes the *‘coded™
voltage path through R4 and R5.

ICla and ICIb now compare the volt-
ages present on their input pins. If R4 and
RS are equal in value (i.e. the correct
**key’" has been used). the output at IClc
pin 8 will go high. Via diode DI, this
voltage rapidly charges capacitor C2, caus-
ing transistors TR2 and TR3 to tumn on,
which in tum activates the three relays
RLA, RLB and RLC.

The RC network of resistor R11 and
capacitor C2 acts as a timer, holding on
the relays for a duration of approximately
30 seconds. allowing the vehicle to be
started. The duration may be changed by
altering either value (a value increase
lengthens the delay).

Relay RLAI contacts are used to ensure
that TR2 and TR3 remain switched hard on
via the ignition supply and diode D2 while
the vehicle is in use. This relay’s second set
of contacts, RLAZ2, are used to switch on the
dash mounted waming l.e.d.. D6, when the
unit is in its immobilised state.

Relays RLB and RLC are both 10A
s.p.d.t. relays which are used to cut the
desired circuits in the vehicle when it is
not in use, €.g. ignition coil, starting motor
or fuel pump.

The addition of R7 between R6 and
R8 is to allow compensation for any
discrepancies in the tolerances of the two
key resistors, R4 and RS. This allows the
circuit to be triggered by a *‘key'" voltage
of between about 5-8V and 62V, as
opposed to a strict 6V, which would be the
case without the inclusion of R7.

Since TRI1 is only conducting for a
fraction of a second after the key has been
inserted into the socket. there is no time
for a potential thief to attempt to scan
the key. Resistor R2 is used to discharge
capacitor C1, and R3 is used to clamp the
base of TR1 to 0V, to prevent false trig-
gering of the circuit.

The unit is very simple to use, the jack
plug is simply inserted into the dash
mounted socket and then removed. by
which action lLe.d. D6 will be tumed off
and the relays will latch, allowing the
vehicle to be started.

After switching off the ignition, the unit
will self-arm after 30 seconds. i.e. after C2

The three parts of the immobiliser system: the control board, “coded” jack plug,
and its activating socket.

has fully discharged via R11, TR2, R12
and TR3.

The unit consumes 18mA when the car
is in the immobilised state and 130mA
when it is in use.

CONSTRUCTION

Details of the printed circuit board
(p.c.b.) are shown in Fig.3. This board is
available from the EPE PCB Service. code
175.

Assemble the components in order of
link wire (note that it goes under R10),
resistors and diodes. i.c. socket. Next,
solder in the capacitors and transistors,
ensuring that they are the correct way
round. Then solder in the relays and wire
up the l.e.d.

Make up the jack plug with its resistor
(R6) as shown in Fig.4. It is suggested that
one or more spares should be made up as
well.

Test the unit thoroughly, ensuring that
the jack plug causes the actions already
described to be performed. The next step is
to drown the p.c.b. in potting compound
within an ABS box. Wrap the cables in
insulating tape at the point where they
come away from the p.c.b. for about
100mm, then lower the board into the box
and pour in the compound.

Also fill the jack plug bodies with the
compound and leave them to stand in a
vertical position until set. Once fully set,
bench test the unit again then prepare to
install it into the vehicle.

l

IGNITION ORIGINAL
SWITCH CONNECTIONS
o pa N\ .
ALTERNATIVE
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RLBY A+ ' B+ 1

+12v _*_ I
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=

Fig.2. Showing how the relays are connected to the car electrics. This figure
should be referred to in conjunction with the wiring diagram in your car's manual.
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INSTALLATION

You now need to refer back to Fig.2 for
the other wiring connections, and also to
your car’s wiring diagram.

The diagram in Fig.2 shows, very basi-
cally. the electrical circuit of any vehicle
in relation to its starter circuit and ancillary
clectric pumps which may be fitted. to-
gether with details of how the relays RLB
and RLC are wired into this circuit.

Extreme care must be taken when
installing the unit into the vehicle be-
cause any poor connections could result
in the car stalling whilst it is being

Resistors
R1 10002 See
R2, R3,
R9, R11 100k (4 off)
R4, R5 see text '];AeLK
R6, R8, R10 10k (3 off) 9
R7.R12 1k
All resistors 0.25W 5% carbon film.
Capacitors
Ci1,C2 10p radial elect. 25V
(2 off)
Semiconductors
D1,D3to D5 1N4148 signal diode
(4 off)
D2 1N4001 rectifier diode
D6 red l.e.d., flashing, low
current
TR1to TR3 BC337 npn transistor
(3 off)
IC1 324 quad op.amp
Miscellaneous
RLA d.p.d.t. 12V 1A relay
RLB, RLC s.p.d.t. 12V 10A relay
(2 off)
SK1 switched stereo jack
socket,6mm, Maplin
type BW80B

Printed circuit board, available from
the EPE PCB Service, code 175; plastic
case, 105mm x 72mm x 32mm; stereo
jack plug, 6mm (see text); l.e.d. holder;
single core cable (see text); 2-core
cable; 4-core cable; potting compound;
cable ties; insulation tape; solder, etc.

£17

excl. cables

Approx Cost

Guidance Only
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Fig.3. Printed circuit board component layout and full size underside copper foil
track master pattern for the Car Immobiliser.

driven, which could cause an accident.
The cables must be rated to suit the
vehicle’s current demands.

It is imperative, therefore, that two good
earth points are used and that all other con-
nections are soldered and wrapped in in-
sulating tape or heat shrink sleeving.

Connecting to the ignition, permanent
live and earth lines in the vehicle should be
straightforward. However, when connecting
the remaining wires, immense care must be
taken because any errors here could cause
permanent damage to the unit.

The first step is to find the two wires
within the vehicle’s wiring harness which,
when cut, will immobilise the vehicle.
When these wires are found, you need to
cut them and measure which side of the
wire is or becomes live when the ignition
is switched on. The side which becomes
live is connected to the **A+"" or “'B+"’
of the two relay circuit connections on
the p.c.b., with the other side going to
its corresponding letter, ‘A’ or "'B’", as
appropriate.

It is important to note that when con-

Note the sturdiness of the
wiring and the way in which
it is well harnessed together.

:
'}

858

Fig.4. Details of the jack socket and
jack plug wiring.

necting into the starting motor circuit, the
feed to the solenoid is cut and not the feed
to the motor itself. This is because of the
extreme high current which flows in this
feed when the car is being cranked over, as
opposed to the relatively small current
which flows in the coil of the solenoid
(which is basically a heavy duty relay).

ANTI-TAMPER

It is best to try and locate the wiring
inside the vehicle since this makes it even
more difficult for the potential thief. To
this end the car’s user manual will need to
be referred to, to help identify the wiring
colours and relative locations.

View of the jack socket connections,
with jack plug inserted, and of the
tabbed coding of the other wires before
connection.

However, if in doubt, the wires from the
positive side of the ignition coil, solenoid
or fuel pump can be traced back into the
vehicle and picked up just as they enter.

Remember that when each pair of cut
ends is being checked, it may be necessary
to turn the ignition switch fully clockwise,
i.e. to the starter position, to ascertain
which wire is positive and hence which
gets connected to A+ or B + ‘on the p.c.b.

The l.e.d. should be mounted in a highly
visible position on the dashboard and the
socket is best mounted adjacent to the igni-
tion switch.

The main control unit should be
mounted up behind the dashboard and
secured in place, along with all the wiring,
by using cable ties. This will ensure a
clean, professional and safe job.
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Special Review —

BZ SPICE/LOGIC

REVIEW

ROBERT PENFOLD - —

Reviewing two programs that
will assist with the design and
testing of analogue and digital

circuits.

T1s no coincidence that several of the

circuit analysers currently available

include the word *“‘SPICE' in their
names. These programs are all based on
the same algorithms which were developed
by the University of California at
Berkeley. SPICE is an acronym for
Simulation Program with Integrated Cir-
cuit Emphasis, and these algorithms are
generally regarded as the most accurate
and reliable of those currently on offer.

The differences between the circuit
simulators currently available are not so
much in the basic simulation algorithms,
but in the means used to produced the
netlists for the simulator. and the routines
that process and present the results. A
netlist is basically just a list of components
in a circuit. and the connections between
the components.

While netlists can be quite straightfor-
ward, SPICE netlists tend to look rather

e Ed Scde Vew \Wirdow Help

like computer program listings, and are not
particularly user-friendly.

B2 SPICE

B2 Spice is based on the latest 32-bit
version of the SPICE algorithms (version
3F5). It is available for both Macintosh
computers and PCs running Windows. but
only the Windows version was reviewed.

The use of Windows 95 or NT is recom-
mended. but B2 Spice will run under Win-
dows 3.1 at reduced speed. The mini-
mum recommended hardware is an 80486
processor and 8Mb of RAM. For this
review the program was run on a 133MHz
Pentium PC running Windows 95.

The program provides a user-friendly
front-end in the form of a schematic
capture program which integrates seam-
fessty with the simulation routines. Once a
simulation has been completed the results
can be displayed on the screen in graph

P —————— ans

Ol | Ir) suilv SiGial ¢

W Cucuit2 Tranment & Graph

* B2 Spice
i * B2 Spice default format fsam:
Transient§ o bt NG b
+0.000e+000 18.999m
+500.0088 16.999m
+1000.000n -10.999m
+2.000u -10.999m
+4.000u -10.999m
+8.000u 16.998m
+16.000u -18.993m
+32.000u 19.914m
+64.000u 17.960m
41055110 13.526m
1565110 -452.25% “f
£l il

Cument posiion = 268, 144

Muiltiple screen display showing the circuit, netlist, test results and graph.
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form, and can also be printed out to any
Windows compatible printer.

For a circuit simulator to be of real use
it is essential that it has a large library of
component models. B2 Spice comes com-
plete with a library of over 1000 parts,
including a wide range of operational
amplifiers. plus the usual passive com-
ponents. There are a number of common
semiconductors which | could not find in
the library. but more devices are being
added. No matter how many devices are
included. it is inevitable that the library
will be found lacking from time to time.
Sometimes it may be possible to use a near
substitute. Alternatively. there is a device
editor which enables new models to be
added. or existing ones to be modified.

GETTING STARTED

The CD-ROM version of the program
was supplied for review, and installation
proved to be something less than
straightforward. Unfortunately, there were
a few errors in the manual originally
supplied. and following the installation
instructions resulted in the Windows
NT/95 program and Windows 3.1 database
engine being loaded onto the hard disk.

Once this mix-up had been sorted out
it was not difficult to get the right files
loaded into the computer. and the program
then ran without any problems. This error
has been corrected in the current version of
the manual and the package now uses the
standard Install Shield-Wizard.

The AS size ring-bound manual includes
some simple tutorials to help get you
started with the program. This is very
helpful. but the step-by-step approach
needs to be carried out carefully if it is to
work well. What is given as a single step
in the manual sometimes turns out to be
two steps when using the actual program.
Also, some of the screen illustrations in
the manual seem to be different to the
actual screens obtained from the program.
However, the simple tutorials still make it
reasonably easy to get underway with this
software. They demonstrate ‘various types
of analysis. including a.c.. d.c.. and tran-
sient analysis.

A traditional Windows screen layout
is used. with a title bar at the top and
the menu bar immediately beneath this.
There is the usual row of control buttons
beneath the menu bar. Apart from standard
functions such as save, print, etc., there
are buttons which provide basic drawing
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and editing functions. There is a status
bar along the bottom of the screen, and
there are the usual scroll-bars, but the vast
majority of the screen is available for the
circuit diagram.

Selecting components and placing them
within the drawing area is generally
simple. as is the wiring-up process. The
latter is manual, with no automatic
help. Components are selected via the
**Devices"" pull-down menu, and there is a
range of generic components available as
well as numerous semiconductors under
specific type numbers.

Editing component models via the device
editor seems to be reasonably simple, but
you obviously need to have all the neces-
sary data before a new model can be
produced. Unless you know what you are
doing it is best to settle for near equivalents
or idealized generic components.

Simply changing the value of a pas-
sive component is more simple. Double

> Workshop [...u-mm Small Swnal AC 4:2]

labels tended to encroach onto the graphs.
The default settings did not always provide
results that were easy to read, although it
was possible to select colours for each part
of the graph, change the text font size. and
vary the zoom level. This made it possible
to improve the clarity of the graphs and
optimise results with a given dis-
play resolution. There were sometimes
problems with display flicker. and one or
two further rough edges which marred the
graphics output of the original program.

On the plus side. multi-trace graphs are
possible. with the active trace highlighted
and the others dimmed. An optional win-
dow provides individual test results in con-
junction with a movable cursor on the
graph.

Credit must be given to the producers of
B2 Spice for responding to the original
criticisms. The current version of the
program retains the versatility of the
original graphics generator, but clears up
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A phase and frequency response graph covering 20Hz to 20kHz.

**clicking’* on a component brings up a
dialogue box which enables its value to be
edited. There is also a keyboard shortcut.
In general, changes are easily made to cir-
cuits, and the schematic editor is very easy
10 use.

SIMULATIONS

A variety of simuiations are catered for
by the SPICE algorithms, including a.c.
(phase and frequency). d.c.. transient,
noise. distortion, and Fourier analyses.
Setting up the required analyses is
reasonably easy. but with any circuit
analyser you have to get things absolutely
spot on if you want to get the right
answers. Once the simulation has been
completed you are provided with a graph
for each simulation together with a table of
results. The netlist generated by the
program is also provided. These are all
available in individual windows.

Simulation programs are not really
noted for the clarity of the graphs they
produce, and the version of B2 Spice
originally reviewed was certainly no
exception to the rule. The graphs made
exclusive use of scientific notation, and the

v Workshop - [tol3b-Transient-0 2)

most of the weaknesses. In  particular,
there is now the choice of scientific or
engineering notation for the labels, and the
graphs can be interpreted much more
quickly and easily.

Although there is no virtual oscilloscope
as such, the transient analysis function
produces an oscilloscope style graph. It is
acceplable to use a sinusoidal source
instead of some form of pulse signal,
making it possible to use this facility to
show clipping and other severe forms of
waveform distortion.

A good range of analyses are available
for a program in this price bracket and,
although not the quickest simulator 1 have
tried. it works reasonably fast. With com-
plex circuits things naturally slow down a
great deal, but this is the same with all
circuit simulators. Incidentally. the max-
imum number of nodes and components
that can be handled is governed by the
amount of memory fitted to the computer,
and not by any limits imposed by the pro-
gram itself.

B2 LOGIC

The B2 Logic simulator is supplied on a
single 3-5 inch high density disk. and it is
compatible with Windows 3.1 or later. It
loaded into Windows 95 without difficulty.
A PC having an 80286 processor and
2Mb of RAM is the minimum require-
ment. A Macintosh version of B2 Logic
is also available. but was not reviewed.
The B? Logic simulator does not util-
ize SPICE algorithms incidentally. and the
SPICE routines are not actually applicable
to logic circuits.

The supplied library of parts includes
about 100 basic TTL devices ranging
from simple gate packages like the 7400
through to more complex components such
as the 74381 arithmetic logic unit. These
are available in the standard TTL, LS
TTL. Fast CMOS and Advanced CMOS
logic families. A few further models are
included. such as ROM and RAM chips,
delay elements, and a user programmable
logic device. As an avid user of 4000
series CMOS devices | was disappointed
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The transient function can produce an oscilloscope style display.
861

Everyday Practical Electronics, December 1997



to find that these do not seem to be catered
for. The device editor makes it reasonably
easy to edit component models, to alter the
propagation delay for example. In this way
a device from one logic family can be
converted to its equivalent in another logic
family.

When the program is activated you are
greeted with a largely blank screen. There
is the usual title bar at the top, and a
menu bar beneath this which has *‘File’”
and ‘“‘Window'" headings. Amongst other
things, the *‘File’” menu enables an exist-
ing circuit to be loaded, or you can opt to
start work on a new circuit.

With the *‘New’’ option selected or an
existing circuit loaded the screen becomes
more like that of B2 Spice, with more
menu headings and a small ‘‘floating™
toolbar. Also, a floating menu of com-
ponent models appears, and this takes the
place of the “‘Devices’” menu in B2 Spice.
Simply double-clicking on a component
name brings up the symbol for that com-
ponent so that it can be positioned in the
drawing area.

With multi-gate packages, multiple
flip/flops, etc. each section is effectively a
different component. Repositioning com-
ponents, wiring them together, etc.
is reasonably fast and straightforward.
Provided your PC is equipped with
sufficient memory, B2 Logic can handle
large circuits.

INS AND OUTS

Little is available in the way of vir-
tual instruments, but simple logic state
generators are available, and these can
generate logic | or logic O levels. They can
be switched from one state to the other by a
‘click’” from the mouse. If necessary, a
number of these can be used to form a
simple word generator. The latest version of
the program includes a logic generator
which can handle up to 32 bits, and accepts
hexadecimal values via a dialogue box.

A clock generator having individually
adjustable mark and space times is also
available and this is clearly essential for
most testing. Unused inputs can be tied to
e————

pull-up or pull-down resistors. Logic out-
puts can be monitored using simple logic
indicator symbols, and a number of these
can be used to monitor buses.

The main means of monitoring the cir-
cuit is via a trace function which can be
accessed via one of the pull-down menus.
This provides a logic analyser style display
which shows the waveform at each point
in the circuit that is monitored by one of
the virtual logic probes. It also shows the
output leVels of the logic generators, which
can be altered during the course of the
simulation.

The waveforms are of course recorded,
and it is possible to scroll smoothly
through the recorded data with the aid of
the usual scrollbar. In use the logic
analyser function is simple and straightfor-
ward to operate and it provides results that
are easy to interpret. A table of results is
also available.

CONCLUSION

Having separate logic and analogue
analysers has its advantages if you only
want one or other. You do not pay for
facilities that you do not require, and the
accuracy of simulations should not be in
doubt. However, having separate analysers
is a definite drawback for anyone who
requires both functions, and is no use at all
if you need to model mixed-mode circuits.

The majority of users only require
analogue simulation, and for them B2
Spice provides a relatively inexpensive
means of utilizing the powerful 32-bit
Spice routines. It provides a reasonably
quick and painless means of entering
circuits into the simulator, and produces a
good range of graphs as well as tables of
results.

Operating the program is not too dif-
ficult, but the 123-page A5 manual and
on-line help are no more than adequate.
More extensive documentation or greater
use of virtual instruments would make it
much easier 10 get to grips with the
program. Anyone with the requisite techni-
cal knowledge should soon learn to use
this program though, and SPICE based

simulators are not really intended for
beginners. Testing of the final version was
something less than extensive, but this
program seems to be stable and bug-free.

While not exactly cheap by general
software standards, B2 Spice is at a
bargain price for a 32-bit SPICE based
simulator. As originally supplied for
review the program seemed to have no
advantages over the opposition apart from
a lower price. In most respects it seemed
to fall slightly short of the standards set by
the competition. However, RD Research
acted on our criticisms and improved
various aspects of the program. The
version now on sale incorporates these
improvements and the excellent graphics
output and other facilities of the ‘‘im-
proved’’ version make B2 Spice more
competitive, Some will no doubt prefer
this program for its facilities rather than
any cost considerations. It is certainly a
program that anyone buying this type of
software should give careful consideration.

B2 Logic is quite easy to use and it
produces good results. Its main limitation
is that the supplied library of component
models is perhaps not quite as extensive as
it might have been. You will have to look
elsewhere if you make extensive use of
4000 series CMOS logic devices. B2 Logic
is certainly worthy of consideration if a
logic simulator is all that you require, and
it has the advantage of running well on
relatively simple hardware. Being fairly
straightforward to use it also has potential
as a learning aid for logic principles.

B2 Spice and B2 Logic are available
from RD Research, Dept. EPE, Research
House, Norwich Road, Eastgate, Norwich,
NR10 4HA (Tel. 01603 872331). B2 Spice
and B2 Logic each cost £199-00 plus £4-50
postage and packing plus VAT, and have a
30 day money back guarantee. If you buy
both together there is a special price of
£298 plus £4-50 postage, plus VAT.

These is also an educational discount
of 25% available to students on all of
the above software prices. To qualify for
this student discount you must be able to
provide proof of your student status.

NEW TEACH-IN COURSE - DON'T MISS OUT -
ORDER YOUR COPY NOW!

EVERYDAY |

UK £26.00.

* Wimborne
Dorset BH21 1PF
Tel: 01202 881749
Fax: 01202 841692

MasterCard

ELECTRONICS

SUBSCRIPTION ORDER FORM

Annual subscription rates:

Overseas £32 standard air service,
£49.50 express airmail

To:
Everyday Practical Electronics,
Allen House, East Borough

(We cannot reply to overseas orders or queries by Fax)
E-mail: editorial@epemag.wimborne.co.uk
Web site: http://www.epemag.wimborne.co.uk

J Ty 11 Y SRS PSSP S PP

1 enclose paymentof £ ... (cheque/PO in £ sterling only,
payable to Everyday Practical Electronics).
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Card
Number
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Card Ex. Date .............
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ELECTRONIC CIRCUITS AND
COMPONENTS

bv MIKE TOOLEY Brooklands
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CD-ROM
£34 including VAT
{UK post free)
INSTITUTIONAL LICENCE

CD-ROM
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{UK post free)
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{UK post free)
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Active Circuit
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Surface mounted components
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motherboard from a laptop
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surface mounted mtegrated
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Many students have a good understanding of electronic
theory, but still have difficulty in recognising the vast num-
ber of different types and makes of electronic components.
The Parts Gallery has been designed to help overcome
this problem; it will enable students to recognise common
electronic components and their corresponding symbols in
circuit diagrams.

This CD-ROM also incorporates component and symbol
quizzes so that students can test their knowledge.

* Over 150 component and circuit photographs

* 100’s of electronic symbols

* Self-test component and symbol quizzes

All text shown on each
Technology: Key Sta
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circuits allow students to learn, experiment and check their
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includes postage to most countries
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CD-ROM for airmail postage {do not add VAT unless
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Send your order to: Direct Book
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{Mail Order Only)
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circuits shown have NOT been proven by us. Ingenuity
Unlimited is open to ALL abilities, but items for
consideration in this column should preferably be typed or
word-processed, with a brief circuit description (between
100 and 500 words maximum) and full circuit diagram
showing all relevant component values. Please draw all
circuit schematics as clearly as possible.

Send your circuit ideas to: Alan Winstanley, Ingenuity
Unlimited, Wimborne Publishing Ltd., Allen House, East
Borough, Wimborne, Dorset BH21 1PF. They could earn
you some real cash and a prize!

Anigiestl

WIN A PICO PC BASED
OSCILLOSCOPE

¢ 50MSPS Dual Channet Storage
Oscilloscope ® 25MHz Spectrum Analyser
© Multimeter e Frequency Meter
o Signal Generator
If you have a novel circuit idea which would be
of use to other readers then a Pico Technology
PC based oscilloscope could be yours.

Every six months. Pico Technology will be
awarding an ADC200-50 digital storage
oscilloscope for the best IU submission. In
addition, two single channel ADC-40s will be
presented to the runners up.

Model Railway Train Lights
- Go Loco With A Greer Lignt

A PROJECT which controls a set of British model railway lights,
similar to those used at the ends of railway stations to signal to
the loco driver whether it is safe to proceed or not, is shown in Fig. 1.

When a train passes the signals, the lights tum red for a period of
three seconds after which one amber signal lights, then two amber
signals and finally a green signal ten seconds after the last train has
passed. Details are given showing how this could be adapted to cut off
the power supply to a section of track when the red light is showing.

The train’s position is sensed by embedding a reed switch Sl
within the track. A magnet on the underside of the train will close this
switch as it passes over it. (For authenticity. the magnet could be
attached underneath the last carriage.)

The reed switch discharges the electrolytic capacitor C1. which
then immediately starts to re-charge through preset VRI: wired as a
variable resistor. The trimmer resistor can be used to adjust the time
taken for the full sequence of signal changes to occur.

When the potential "V across C1 reaches certain values, these
are detected by a number of twin op.amps IC1 to IC3 connected

"GREEN"

RS
30040

TRAIN STOPS AT
RED OR AMBER
LIGHT REPLACE
GREENLED
WITH RELAY AND
DRIVER

FROM ORIGINAL
POWER SUPPLY

TO TRACK

Fig.2. Adding a driver transistor and relay to the “Green”

circuit.

Fig. 1. Circuit diagram for Model Railway Signal Lights.

866

as comparators, cach of which operates one
- or more le.d.s. The op.amps each have a
reference voltage derived from a set of resis-
o a1 ) tors R1 to R4, When V¢ is less than 32V the
100k 51k Red lamp D8 illuminates, the Amber le.d.s
@ ) D6 and D7 when V¢ is between 3-2V and
| - 5-4V, and Green if higher than 6-6V.
—— For more realism. by including a driver
v 6 transistor and relay (TR1 and RLA in Fig.2),
—l—.. on the green indicator circuit, the train can be
. U made to stop at the red or amber light.
gfké ¢ 1N4148 30012 ) The relay contacts will only connect the
al p NG " A —»}- track power supply when the green le.d. is
? iIC2a showing. The lLe.d.s are arranged to form a
fgwl, 1 fLM747, AMBER & &
s1 p
REED i
SWITCH e
" 03 R? o7
INatag 3000 ) AMBER
i a AP i GREEN
AMBER AMBER
D4 R8 08 SIGNAL BRIDGE
1N4148 30042 1
';O‘k 3 aPrx

Fig.3. Typical arrangement of lights
on a trackside signal bridge.
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trackside signal as shown in Fig.3. The power supply can be derived
from an internal battery (B1) or from a mains adaptor. or roughly 9V
to 12V d.c. from a transformer.

For economy. B1 could be controlled using, say. a normally open
relay powered from the railway track, such that when the power is
removed, the relay will disconnect the battery from the model railway
signals.

Oliver White,
Walton on Thames, Surrey.

Mechanical Vibration Sensor
- Check Those Vibes

THE Mechanical Vibration Sensor circuit diagram of Fig. 4 was
developed to monitor the frequency of mechanical vibration of
a large d.c. motor. It utilises an a.c. bridge network with the two
grounded arms being resistors R1 and R2, and two differential inputs
via the variable capacitors VC| and VC2. The circuit requires an input
signal of 10kHz, 10V peak-to-peak. and is powered at =12V,

Vibration is detected using a sensor (Zs) which is fabricated from
two squares of 1mm copper sheet. sized 35mm square, joined physi-
cally at one end by a double-sided sticky pad (see inset diagram). This
creates a simple capacitor of around 15pF with one end free to move
in sympathy with the vibration of the motor. Greater sensitivity may
be achieved by elongating the sensor plates if required.

Once the bridge has been balanced by the variable capacitors, the
10kHz carrier wave is of equal amplitude on both inputs of the dif-
ferential amplifier formed by ICla and surrounding components, and
the output will be zero. Any movement of the sensor will result in a
change of capacitance and thus the impedance to the carrier wave.
This creates an imbalance in the differential amplifier, thereby creat-
ing a modulated output waveform.

This waveform is demodulated by DI, RS, Cl and C2. and
amplified by the non-inverting op.amp 1C1b. The remaining circuitry
converts the amplified signal into a constant amplitude square wave at
the same frequency as the input. This is then differentiated. rectified
and averaged to give a d.c. output voltage on meter ME| which is
directly proportional to the frequency of the vibration. The d.c.
voltmeter may be a surplus type or a multimeter, and the series
resistor Rm selected as required, if needed.

On setting up, preset VR1 should be set to match the f.s.d. of the
meter and the maximum frequency of vibration expected. This is best
achieved by temporarily removing C4 and injecting a known fre-
quency into resistor R9, checking your readings at full scale and in
between. A voltage of +8V for a frequency of 8kHz is the maximum
available for a linear scale. VR2 is trimmed for zero offset.

Dave Stringwell,
Scunthorpe, North Lincolnshire.

PICO PRIZE WINNERS

It’s six months since Pico Technology started to sponsor IU and
it’s time to award some prizes. The various 1Us published over the
last six months (June to November ‘97 issues) were judged by Alan
Winstanley and Mike Kenward on the following criteria:
® Any *‘lateral thinking'*or novelty in resolving a design objective.

implying the use of ingenuity.
® Technical merit, feasibility and practicality of the suggested

solution.
® The resourcefulness and likely originality of the idea.
® Appropriate and justifiable use of electronics technology over a

mechanical or altemative discipline.
® The general presentation and completeness of a submission,

The prize winners are:

Ist prize ~ A Pico ADC200-50
PC-based digital storage oscilloscope:

19kHz Reference Source — September 1997 (B. J. Taylor). A
cleverly executed example of lateral thinking, by effectively adapting
the f.m. pilot tone to generate an accurate reference signal for test
purposes.
Runners-up - Pico ADC-40 PC-based single channel oscilloscopes:
Novel Fibre Optic Tester ~ July 1997 (John Barker). A brilliant
example of lateral thinking to solve a high-level problem - the test-
ing of telecommunication fibre optic **patch cords'".
IR Camera Shutter -~ August 1997 (Stephen Browne). A
thoroughly-worked example of a practical solution to time-lapse
photography involving an electromechanical interface.

Our thanks to Pico for their on-going sponsorship

Why not send in your circuit idea — it could earn some cash and
a prize!
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Fig.4. Circuit diagram for the mechanical Vibration Sen-
sor. Details of the home-made sensor capacitor Zs are
shown inset.

MORE READERS CIRCUIT IDEAS

NEXT MONTH
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Special Feature —

ALTERNATIVE AND
FUTURE TECHNOLOGIES

CLIVE lcall me ""Max’’) MAXFIELD ——  Part 1

A smorgasborg of technologies which may or may not influence the
future of electronics. (Reproduced from Chapter 21 of the book Bebop
To The Boolean Boogie with kind permission of the publishers and Max
- see the EPE Direct Book Service pages for ordering details).

ciplines around, with evolutionary and revolutionary ideas

appearing on almost a daily basis. Some of thesc ideas
skulk around at the edges of the party, but never really look you in
the eye or take the trouble to formally introduce themselves:
some surface for a short time and then disappear forever into the
wilight zone from whence they came; some tenaciously manifest
themselves in mutated forms on a seasonal basis; and some leap
out as if from nowhere with a fanfare of trumpets and join the
mainstream so quickly that before you know it they seem like old
friends.

This closing chapter introduces a smorgasbord of technologies,
many of which have only recently become commercially available
or are on the cutting-edge of research and development. Even
the most outrageous topics presented below have undergone ex-
perimental verification, but nature is a harsh mistress and natural
selection will take its toll on all but the fittest. Although some
of the following may seem 1o be a little esoteric at first, it is
important to remember that a good engineer can easily believe
three impossible things before breakfast. Also remember that the
naysayers proclaimed that it was impossible for bumble bees to
fly (although they obviously could), that man would never reach
the moon, and that | would never finish this book!"

Reconfigurable Hardware and

Interconnect

The term ‘‘hardware’" is generally understood to refer to any
of the physical portions constituting an electronic system, in-
cluding components, circuit boards, power supplies. cabinets, and
monitors.2 However, this discussion concentrates on the subset of
hardware consisting of circuit boards, electronic components, and
interconnect.

Unfortunately, the phrase **reconfigurable hardware'" is akin
to the phrase ‘‘stretch-resistant socks'* — they both mean ditferent
things 1o different people. To the young and innocent, *stretch-
resistant’” would tend to imply a pair of socks that will not
stretch. But, as those of us who are older. wiser. and a little sadder
know, ‘‘strelch-resistant®* actually refers 10 socks that will streich
— they just do their best to resist it for a while! Similarly. the
term *‘reconfigurable’’ is subject to myriad diverse interpretations
depending on the observer’s point of view.

As a starting point, reconfigurable hardware refers to an
electronic product whose function can be customised to a specific
system or application. There are obvious benefits to making one
product (that can be customised) many times, as opposed 10
making many application-specific products once. The problem is,
the perception of what is implied by ‘‘reconfigurable’ is a
moving target which evolves over time as new techniques and
technologies become available. Throughout most of the 1980s,
the most sophisticated level of customization was displayed by

ELECTRONICS is one of the most exciting and innovative dis-
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products based on programmabie logic devices (PLDs) such as
PROMs. PLASs?. and PALs, or variants of read-only memory such
as PROMs?, EPROMs, and E2PROMSsS. Products using these
devices were usually targeted at a particular application and then
focused towards a specific implementation. By comparison, the
advent of field-programmable gate arrays (FPGAs) in the late
1980s and early 1990s opened the door to products that could be
almost totally customized for diverse applications.

As you have hopefully surmised by now, Bebop to the Boolean
Boogie does not simply describe ‘‘where we are,”” but also
attempts to show ‘how we got here.”’ However, the pace of
technological development since the birth of the integrated circuit
poses particular problems in the case of rcconfigurable logic.
because there is no consistent terminology that has survived the
ravages of time, To permit the presentation of a consistent
view, the solution offered by Bebop is to adopt the following
terminology:

A product whose function may be customized |
once or a very few times.

Configurable
hardware

Reconfigurable A product whose function may be customized
hardware many times.

|

|

|

i

|

|

: Remotely A product whose function may be customized
I reconfigurable  remotely, by telephone or radio, while
| hardware remaining resident in the system.

|

!

|

|

1

|

|

Dynamically
reconfigurable

A product whose function may be customized
**on-the-fly"* while remaining resident in the

hardware systeni.
Virtual An extension of dynamically reconfigurable
hardware

L e e e e e e — ——————— |

1 Ha' I pluck my chest hairs threateningly in their general direction.

2 By comparison, the term **sofiware™ refers to intangible programs. or
sequences of instructions, that are executed by hardware. Additionally. the
term “firmwarc'" refers to programy that are hard-coded into non-volatile
memory devices, while *"vapourware’ " refers (o either hardware or software
that exist only in the minds of the people who are trying to sell them to you

3 Programmable logic devices were introduced in Chapter 16

4 PROM> may be regarded as being programmable logic devices or as memory
devices depending on the applications for which they are being used

5 Memory devices were introduced in Chaplers |5 and 16

6 The terminology presented here differs to some extent from current industry
standards., which only tend 1o reflect the technology of the day (or flavour of the
month).
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And so, armed with our trusty definitions, it only remains for us
to gird up our loins and delve into the ramifications of hardware
whose very reason for being can be transmogrificd by an idle whim.

Configurable Hardware

A classic example of a product whose function may only be
customized once is provided by a car radio. of which there may be
several versions: a cheap, no-frills little number for the cost-con-
scious buyer, a mid-range model for the young man about town,
and an ultra-flash, no-holds-barred version for the powerful busi-
ness executive who also delights in thrusting his gold Rolex under
your nose. But, little do they know that it is not unusual for all
of these variations to be constructed on identical circuit boards.
which can be configured by adding or removing certain components
and modifying certain switches or jumpers. In fact, on some occa-
sions, the only major difference between the different models is the
quality of their cases and the number of buttons and dials that they
support. From the viewpoint of the manutacturer, the circuit boards
used in these radios are configurable but, from the perspective of the
user, their function is cast in stone.
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Configurable hardware: car radios

A similar example that may be a little closer to home =+ © .

revolves around digital wrist watches. One down-side of the o
electronics era is the inevitability of being comered by ¢
someone who insists on regaling you with the 1,001 details

you didn’t want to know about his new digital watch that can
simultaneousty display the current time in Tokyo, Paris,
London, New York, and Moscow, play sixteen immediately
annoying tunes, and has a calculator rivaling the control

panel of the space shuttle thrown in for good measure. By

some strange quirk of fate, this almost invariably occurs on those
days when the timepiece you are sporting arrived in the form of a
free gift at the bottom of a box of cornflakes. But there is no need to
lower your head in shame, because it is not beyond the bounds of
possibility that both of these instruments contain identical integrated
circuits! In the case of the simpler model, a hard-wired voltage level
applied 1o one of the device's pins instructs it to pretend to be
**cheap and cheerful.”* Once again, the major difference between
the two models is the quality of their cases and . . . the price tag.

A final example of configurable products that is oo good not to
share revolves around a number of well-known computer manufac-
turers who used to offer a choice between the fast, deluxe. and
expensive version of a machine, or the slower, somewhat cheaper
model. However, unbeknownst to the innocent purchaser, the only
difference between the two models was a simple switch on the main
circuit board. Depending on the position of this switch, the system's
clock either ran at full speed or was "slugged** to half its normal
operating frequency. When the owners of one of the slower systems
decided that they just had to upgrade, large amounts of money
would change hands and, after appropriate sacrifices had been of-
fered to the Gods, the computer engineer would (eventually) ar-
rive. After making a ceremony of preparing to exchange the circuit
boards, the engineer would suddenly leap to his feet, point excitedly
out of the window, and cry “*Good grief! What's that?"* Then,
while everybody s backs were tumned, he would flick the switch and
have the board halfway back into the system before anybody knew
what was happening. And there are those who would say that elec-
tronics is dull and boring!
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Reconfigurable Hardware

Hardware that is simply configurabic is obviously limited, be-
cause everything that the product can do has to be designed into its
base configuration, which has to encompass all possible variants.
One technique for producing a product whose function may be
extended beyond its original design objectives is to base that
product on devices that can be reprogrammed. For example, a
PROM could be employed in the role of a hardware truth table
(Figure 21.2),

Similarly. a PLA could be used to implement a state machine that
performs a certain sequence of operations, or, based on the inputs
presented to it. a PAL device could be used to implement Boolean
equations and to generate appropriate outputs. In all of these cases,
the functions of the truth table. state machine. or Boolean equations
could be modified by simply exchanging the programmable device
with an upgraded version.

Another technique would be to use non-volatile memory devices
to store firmware programs for use by a microprocessor or a
microcontroller. An example could be a set of instructions used by a
microprocessor to play a tune such as the
National Anthem on a musical door chime.
ents Different versions of the PROM could be
used to allow the product to be marketed in
different countries (hopefully with the correct
anthem). Additionally. in the case of those
countries that count revolution as a national
sport. the product could be easily recon-
figured to reflect the **tune of the day.”

The. non-volatile memory examples intro-
duced above could use PROM. EPROM,
EZPROM. or FLASH devices: similarly,
the programmable logic device examples
could employ PLD. EPLD. EXPLD or
FLASH-PLD components. In all of these
cases. from a board-level perspective. the
board itself would be classified as recon-
figurable. However. from a device-level
viewpoint. PROMs would fall into the

Figure 21.2: Reconfigurable hardware:
PROM as a hardware truth table

category of configurable. while their more sophisticated cousins,
EPROM, EZPROM and FLASH would be categorised as recon-
figurable (similarly in the case of PLDs versus EPLDs, E2PLDs,
and FLASH-PLDs). Additionally, E2-based and FLASH-based
components may be referred to as in-system programmable (ISP),
because they can be reprogrammed while remaining resident on the
circuit board.

Dynamically Reconfigurable Hardware

The advent of SRAM-based FPGAs in the late 1980s and early
1990s presented a new capability to the electronics fratemity:
dynamically reconfigurable hardware, which means designs that can
be reconfigured on-the-fly."

FPGAs contain a large number of diverse logic gates and reg-
isters, which can be connected together in widely different ways
to achieve a desired function. SRAM-based variants augment the
capabilities of standard FPGAs by allowing new configuration data
to be down-loaded into the device by the main system in a fraction
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Figure 21.3: Dynamically reconfigurable hardware:

SRAM-based FPGAs

of a second. In the case of these devices, a few of the external
pins are dedicated to the task of Joading the data. including an
enable control and clock and data inputs. When the enable control
is placed in its active state, edges on the clock are used to load the
device's SRAM with a stream of Os and 1s which are presented to
the serial data inpul. Although all of the logic gates and SRAM
cells are created on the surface of a single picce of silicon substrate,
it may be useful to visualize the device as comprising two distinct
strata: the logic gates and the programmable SRAM *switches.™

The versatility of these devices opens the floodgates 0 a wealth
of possibilitics. For example, the creation of circuit boards whose
interfaces can be configured to meet a variety of communications
protocols, or devices acting as digital signal processors (DSPs),
whose core algorithms can be modified to process data in a variety
of ways. As alternative protocols become available or improved
algorithms are invented. the patierns that are used to configure
the FPGAs can be modified to take full advantage of these new
developments.

However. the true power of these devices, which are referred
10 as in-circuit reconfigurable (ICR), resides in their ability to be
reconfigured on-the-fly. For example, when a system is first turned
on, it might configure all of the FPGAs 1o perform diagnostic func-
tions. both on themselves and on the circuit board. Afler the diag-
nostic checks have been completed, the system can dynamically
reconfigure the FPGAs to fulfill the main function of the design.

Another example is illustrated by the Tomahawk cruise missile.
which uses one technique to control itself while flying over water
and another while soaring over land. When the Tomahawh crosses
the boundary from water to land or vice versa, it causes its FPGASs
to be dynamically reconfigured. changing from water-navigation
mode 1o land-navigation mode in a fraction of a second.”

Dynamically Reconfigurable

Interconnect
Wonderful as all of the above is, even these techniques only
scratch the surface of the possibilities offered by today’s emerging
technologies. Designers would ideally like to create board-level
products that can be reconfigured to perform radically improved.
or completely different functions from the ones that they were
originally designed for. The solution is to be able to dynamically
configure the board-level connections between devices.

A new breed of devices offer just this .
capability: field-programmable interconnect bsars
devices (FPIDs), which may also be known
as field-programmable interconnect  chips
(FPICs)®. These devices, which are used to N
connect logic devices together, can be
dynamically reconfigured in the same way as
standard SRAM-based FPGAs. Because

chip modules. Additionally, within
the foreseeable future, ultra-large-scale
ASIC devices will become available,
RN which combine microprocessor cores,
~ . a blocks of memory, and communication
NI TN functions with embedded FPGA-style
ool P 4 and FPID-style functions.

Virtual Hardware

> : The main limitation with the
B majority of SRAM-based FPGAs is
’ that it is necessary to load the entire
device. Apart from anything else, it is
usually necessary to halt the operation
of the entire circuit board while these
devices are  being  reconfigured.
Additionally, the contents of any
registers in the FPGAs are irretrievably
lost during the process.

To address these issucs. a new generation of FPGAs were intro-
duced around the beginning of 1994. In addition to supporting the
dynamic reconfiguration of selected portions of the internal logic,
these devices also feature:

a)  Nodisruption to the device's inputs and outputs.
b)  No disruption to the system-level clocking.

¢) The continued operation of any portions of the device that are
not undergoing reconfiguration.

d)  No disruption to the contents of internal registers during recon-
figuration. even in the area being recontigured.

The latter point is of particular interest. because it allows one
instantiation of a function to hand over data to the next function.
For example, a group of registers may initially be configured to act
as a binary counter. Then, at some time determined by the main
system, the same registers may be reconfigured to operate as a
linear feedback shift register (LFSR)Y. whose sced value is deter-
mined by the final contents of the counter before it was recon-
figured.

Although these devices are evolutionary in terms of technology,
they are revolutionary in terms of the potential they offer. To reflect
their new capabilities. appellations such as virtual hardware. adap-
tive hardware and Cuche Logic'V are beginning to emerge. Because
it appears likely that this nomenclature may quickly work its way
into mainstream usage, it is appropriate to take a few moments to
explain the roots of these terms.

7 Of course, some of.us might take the view that it is inherently unwise to have
an armed cruise missite *bombing”™ around the sky in a mindless state while it
reprograms its own brain!

8 FPIC is a trademark of Aptix Corporation.

9 Linear feedback shift registers (LFSRS) are introduced in detail in Appendix F
10 Cache Logic is a trademark of Aunel Corporation. San Jose. CA, USA. 10
whom thanks are due for the information that they provided at such short notice.
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each FPID may have around 1,000 pins,
only a few such devices are typically
required on a circuit board:

In fact, the concepts discussed
here are not limited to board-level
implementations. Any of the tech-
nologies discussed thus far may also be
implemented in hybrids and multi-
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Figure 21.4: Dynamically
reconfigurable interconnect:
SRAM-based FPIDs
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The phrase *‘virtual hardware’ is derived from its software
equivalent, **virtual memory*", and both are used to imply some-
thing that is not really there. In the case of virtual memory, the
computer’s operating system pretends that it has access to more
memory than is actually available. For example, a program running
on the computer may require ten Mbytes to store its data, but the
computer may have only five Mbytes of memory available. To get
around this problem, whenever the program attempts to access a
memory location that does not physically exist, the operating
system performs a sleight-of-hand and exchanges some of the
contents in the memory with data on the hard disk. Although this
practice, known as swapping, tends to slow things down, it does
allow the program to perform its task, without having to wait while
someone runs down to the store to buy some more memory chips.

Similarly, the phrase **Cache Logic™" is derived from its simi-
larity to the concept of **Cache Memory'", in which high-speed,
expensive SRAM is used to store active data!!, while the bulk
of the data resides in slower, lower-cost memory devices such as
DRAM.
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Figure 21.5: Virtual hardware

In fact, the concepts behind virtual hardware are actually quite
easy (© understand. Each large macro-function in a device is
usually formed by the combination of a number of smaller micro-
functions such as counters, shift registers, and multiplexers. Two
things become apparent when a group of macro-functions are
divided into their respective micro-functions. First, functionality
overlaps, and an element such as a counter may be used several
times in different places. Second, there is a substantial amount of
Junctional latency, which means that, at any given time, only a
portion of the microfunctions are active. To put this another way,
relatively few micro-functions are in use during any given clock
cycle. Thus, the ability to dynamically reconfigure individual por-
tions of a virtual hardware device means
that a relatively small amount of logic
can be used to implement a number of T
different macro-functions.

By tracking the occurrence and usage
of each micro-function, then consoli-
dating functionality and eliminating
redundancy, virtual hardware devices can
perform far more complex tasks than
they would appear to have logic gates
available. For example, in a complex
function requiring 10,000 equivalent
gates, only 2,000 gates may be active at
any one time. Thus, by storing, or
caching, the functions implemented by
the extra 8,000 gates, a small, inexpen-
sive 2,000-gate device can be used to
replace a larger, more expensive 10,000-
gate component:
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Figure 21.6:

In fact. it is even possible to **compile’* new design variations
in real-time. which may be thought of as dynamically creating
subroutines in hardware! Hence the phrase *‘adapltive hardware’
referred to above.

Three-Dimensional Molded

Interconnect

For many years designers have wished for the ability to
create robust three-dimensional (3-D) circuit boards for use with
products such as hand-held cellular telephones, radios, and cal-
culators. In addition to providing the interconnect, these 3-D
circuit boards would also act as the product’s package (from
another point of view, designers want to be able to create a 3-D
product package that also acts as the interconnect). In addition to
reducing the product’s size and weight, there can also be sig-
nificant benefits in terms of cost and manufacturability.

A number of processes to create 3-D circuit boards have
emerged over the years, but none have gained any significant
level of commercial acceptance. One hopeful contender involved
creating a standard two-dimensional (2-D) circuit board and then

molding it into a 3-D shape. This process

achieved some acceptance for simple product

packages. such as those for power supplies,

with limited aesthetic requirements. However,

the process is not suitable for products that

require an aesthetic appeal and ergonomic
shapes involving complex surfaces.

Another technique involved the prefabrica-
tion of tracks on the inside surface of a mold.
The process of injecting plastic into the mold
caused the tracks to become an integral part of
the packaging. But this process had its own
problems — not the least, creating the intercon-
nects on the 3-D surface of the mold in the
first place.

However, a new development in 3-D photo-
imaging technology in the early 1990s has
reawakened interest in the injection molding technique!2. The
process commences with the injection molding of a plastic
material capable of withstanding high enough temperatures to
undergo reflow-soldering or vapor-phase soldering processes. In
addition to the physical shape of the product, it is also possible to
mold in features such as holes, ribs, recesses, standoffs, and
chamfered edges. These features offer substantial savings com-
pared to their equivalent drilling, routing, and grinding operations,
and also reduce part counts and labour.

11 In this context. *"active data’’ refers 1o data or instructions that a program
is currently using. or which the operating svstem believes that the program will
want 1o use in the immediate future.

12 Thanks to Faldering Design Services. Hamden. CT, USA. for the
information on this process.
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Figure 21.7: Light propagating through an optical fiber

A 3-D photo-tool. or mask. is formed by molding a PVC-based
material to conform exactly to the contours of the plastic part.
Next, a computer-controlled laser is used to draw an image of the
desired circuit onto the photo-tool.

The remainder of the process is very similar to that for a
standard circuit board, and can therefore leverage off existing
technology. The surface of the plastic is covered by a special
resist, the photo-tool is inserted, the whole assembly is exposed to
ultraviolet light, the degraded resist is removed. and copper tracks
are grown using an additive process.

One of the major problems with the process at this time is the
lack of appropriate computer-aided design tools. Existing tools
are geared to standard 2-D circuit boards and do not have the
ability to transform 2-D designs into a 3-D space. Sadly. there is
not yet a large enough market potential to cause this position
to change. However, this technology is still in its infant stage
and, with sufficient market interest, the requisite electromechani-
cal toolsets will become available.

Optical Interconnect

Electronics systems exhibit ever-increasing requirements to
process ever-increasing quantities of data at ever-increasing
speeds. Interconnection technologics based on conducting wires
are fast becoming the bottleneck that limits the performance of
electronic systems.

To relieve this communications bottleneck, a wide variety of
optoelectronic interconnection techniques are undergoing evalua-
tion. In addition to the extremely fast propagation of datal3, opti-
cal interconnects offer greater signal isolation, reduced sensitivity
to electromagnetic interference, and a far higher bandwidth than
do conducting wires.

Fibre-Optic Interconnect

The fibres used in fibre-optic systems are constructed from two
different forms of glass (or other materials) with different refractive
indices. These fibres, which are finer than a human hair, can be bent
into weird and wonderful shapes without breaking. When light is
injected into one end of the fibre, it repeatedly bounces off the
interface between the two glasses, undergoing almost total internal
reflection with minimal loss, until it re-emerges at the other end:

Experimental systems using fibre-optic interconnect have been
evaluated at all levels of a system — for example, to link bare die in
a multichip module:

The transmitting device employs a surface-emitting laser-diode.
which is constructed along with the transistors and other com-
ponents on the integrated circuit’s substrate. The receiving device
uses a photo-transistor to convert the incoming light back into an
electrical signal.
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Each die can support numerous transmitters and receivers. which
can be located anywhere on the surface of their substrates.
However, there are several problems with this
implementation, including the dif-
ficulty of attaching multiple fibres,
gla the difficulties associated with repair
and rework (replacing a defective die). and the
physical space occupied by the fibres. Although the
individual fibres are extremely thin. multichip
modules may require many thousands of connec-
tions. Additionally, in this form. each optical fibre
can only be used to connect an individual transmitter
to an individual receiver.

At the board level. a variation of discrete wired
technology'? has been developed. in which optical
fibres are ultrasonically bonded into the surface of a board. When
combined with chip-on-board techniques. this process offers sig-
nificant potential for the future. In fact, due to the way in which the
optical fibres are connected to the die. it is possible for an individual
transmitter to be connected to multiple receivers. Unfortunately. the
techniques used to achieve this may not be disclosed here, because
the author has been sworn to secrecy using arcane oaths and strange
handshakes. and an Englishman’s word is his bond!

Last, but not least. optical fibres may be used to provide intra-
board connections, which may be referred to as optical backplanes.
Once again, discrete wire technology. modified to accommodate
optical fibres. may be employed to create backplanes. Alternatively,
the boards may be mounted in a rack without an actual backplane,
and groups of optical fibres may be connected into special couplers.

Later ayer
(alass B

/ . -al )
e '
A o
; 8
43 S - PR
8 [P
sSe a0y 28n %
A 03,5 %
b \g\agc L - ] |a
3 2000 |0 g
eJa . Ya, (a1
* 5004 % 157 [0g (¥
s 070, (1% )
e 000, ¥y T t\\\
a3 —
| /4&@ T E———

Figure 21.9: Fiber-optic inter-
connect: optical backplanes
Each optical fibre from a transmitter is connected into a coupler.
which amplifies the optical signal and can re-transmit it to multiple
receivers. This form of backplane offers great latitude in regard to
the proximity of the boards. In fact, boards connected in this way
can be separated by as much as tens of metres.

Free-Space Interconnect

With the free-space technique, a laser-diode transmitter com-
municates directly with a photo-transistor receiver without employ-
ing an optical fibre. Consider a free-space technique used to link
bare die mounted on the substrate of a multichip module as in
Fig.21.10.

13 Light travels at 299.792 458 meters
per second in a vacuum: thus, a beam
of light would take only approximately
2.6 seconds 10 make a round trip from
the earth 1o the moon and back again!
14 Discrete wired technology was
introduced in Chapter 18.

Figure 21.8: Fiber-optic
interconnect: linking bare die
in a multichip module
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Free-space interconnect: linking
bare die in a multichip module

In this case, the transmitters are constructed as side-emitting laser diodes along the upper
edges of the die; similarly with the photo-transistors on the receivers. Each dic may contain
multiple transmitters and receivers. The free-space technique removes some of the problems
associated with its fibre-optic equivalent: there are no fibres to attach and replacing a defec-
tive die is easier.

However, as for optical fibres. each transmitter can still only be used to connect to an
individual receiver. Additionally, the free-space technique has its own unique problems: the
alignment of the devices is critical and there are thermal tracking issues. When a laser-diode
is tumed on, it rapidly cycles from ambient temperature to several hundred degrees Celsius.
The heat generated by an individual laser-diode does not greatly aftect the die. because each
diode is so small. But the cumulative effect of hundreds of such diodes does affect the die.

causing it to expand and therefore disturbing the alignment of the transmitter-receiver pairs.
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A somewhat more significant consideration
is that, unless the system is constructed as an
array of identical die, each die has to be fabri-
cated with unique arrangements of transmitters
to interface 1o its surrounding die. This is not
unlike an extremely complex jigsaw, and is
probably the key deficiency that will prevent
this technique from maturing into a commer-
cially viable proposition.

Guided-Wave Interconnect

Another form of optical interconnect that is
receiving significant interest is that of guided-
wave, whereby optical waveguides are fabri-
cated directly on the substrate of a multichip
module. These waveguides can be created
using variations on standard optolithographic
thin-film processes. One such process in-
volves the creation of silica waveguides.'S see
Fig.21.11.

Using a flipped-chip mounting technique, the

Figure 21.11: Guided-wave
interconnect: silica wavequides
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pointed down towards the substrate. One
major advantage of the waveguide tech-
nique is that the waveguides can be con-
structed with splitters. thereby allowing a
number of transmitters to drive a number of
receivers. On the down-side, it is very dif-
ficult to route one waveguide over another,
because the crossover point tends to act
like a splitter and allows light from the
waveguides to **leak " into each other.

An alternative form of waveguide tech-
nology. photo-imagable polyimide intercon-
nect, which was announced towards the
tail-end of 1993, is of particular interest in
the case of multichip modules of type
MCM-D. As you may recall from Chapter
20. MCM-D devices are **. . . ceramic,
glass. or metal substrates that are covered
with a laver of dielectric mnaterial such as
polyimide. The dielectric coat is used 1o
modify the substrate's capacitive charac-
teristics and tracks are created on the
surface of the dielectric using thin-film
processes.””

When exposed to light passed through an
appropriate mask. a layer of photo-imagable
polyimide can be imprinted with patterns iri
a similar way to exposing a photograph.
After being developed. the polyimide con-
tains low-loss optical waveguides bounded
by relatively opaque reflective surfaces
(Figure 21.12).

Apart from its inherent simplicity, one
of the beauties of this technique is that
both the exposed and unexposed areas of
polyimide have almost identical dielectric
constants. Thus, in addition to leverag-
ing off existing technology. the polyimide
waveguides have relatively little impact on
any thin-film metallisation tracking layers
that may be laid over them.

This technique is currently finding its
major audience in designers of multichip
modules, but it is also being investigated as
a technique for multilayer circuit boards.
Future circuit boards could therefore be
fabricated as a mixture of traditional copper
interconnect and very high speed optical
interconnect.

Holographic
Interconnect

Unfortunately. all of the optical intercon-
nection technologies introduced above have
their own unique problems and limitations.
The technique that shows most potential is

IS Thanks for the information on silica wave-
guides go 1o Dr. Terry Young of the GEC -
Marconi Research Centre, Chelmsford, Essex,
with apologies for all the extremely technical
deiails that were omitted here.
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surface-emitting laser-diodes and photo-transis-
tors on the component-side of the die are
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module substrate

Figure 21.12: Guided-wave interconnect:
photo-imagable polyimide waveguides
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that of guided-waves, but even this has the problem of routing
waveguides over each other. Additionally. both waveguides and
optical fibres share a common shortcoming. the fact that the light
tends to bounce around an awful lot. In fact, the light bounces
around so much that it actually travels approximately four to six
times the straight-line distance between the transmitter and the
receiver.

Quite apart from these concems, it is doubtful if any of the above
techniques will be capable of dealing with the sheer number of
interconnection paths that will be required. A new contender that is
rising to the challenge is holographic interconnect. Using the term
““holographic’* in this context may at first seem a little strange.
because holography is traditionally considered to be a method of
obtaining three-dimensional images known as holograms (from the
Greek: holos meaning **whole™ and gram meaning “‘message’’).
However, the termm holographic is appropriate. because this form of
interconnect is actually based on a three-dimensional image.

In the case of holographic interconncet for a multichip module,
the process commences with an extremely thin slice of quartz, into
which sophisticated patterns are cut using a laser. The quartz slice is
then mounted approximately 1mm above the die. and a face-surface
mirrort is mounted approximately 2cm above the quanz:

patier cut
e auatz) }
: '

mirror and the quartz, thereby ensuring that each laser beam exactly
hits the target for which it is intended and no other. Al of these
calculations are performed by a computer. and the laser used to cut
the three-dimensional patterns into the quartz is also controlled by a
computer. Thus, the slice of quartz is referred to a computer-gener-
ated hologram (CGH), and the individual pattems above each trans-
mitter and receiver are known as sub-holograms.

{n fact. the laser beam actually undergoes relatively few reflec-
tions between the face-surface mirror and the quartz; far fewer than
an equivalent beam transmitted through a waveguide or an optical
fibre. Thus, the time taken for a signal to propagate from a transmit-
ter 10 a receiver, known as the time-of-flight, is actually close to that
for free-space interconnect. But the clever part is still to come. The
sub-hologram above a laser-diode can be created in such a way that
it splits the laser beam into sub-beams, each of which can target a
different receiver:

For the sake of clarity, the previous illustration shows a
hexagonal sub-hologram with equal angles between the vertices,
and equal angles of incidence for each face. However, the angles
between the vertices can vary, and each face can have a different
angle of incidence. Furthermore, the sub-holograms above receivers
can be correspondingly complex. and capable of receiving signals

from multiple transmitters.

i Finally, in addition to multichip mod-

ule applications, holographic interconnect
is also undergoing evaluation as a possible
backplane technology for the interconnec-
tion of circuit boards. These backplanes,
known as holobackplanes. offer an addi-

—_— - - . . o 2
F“":f‘rg“’ - s tional, amazingly powerful capability. it

i . - : .
~4 h is technically feasible to create multiple
c‘;ﬂ"‘fr‘_‘,zz_-, z f e holograms in the backplane’s equivalent
ghalcgram 3 i ¥ —— : - of the quanz slice. Thus, by_ movir-lg the
” ] - 3607 203 holographic slice a fraction of a millimeter
W iftichia T I aram in a direction parallel to the face-surface

module substrate fot £ V. p

Figure 21.13: Holographic interconnect:

multichip module

When a surface-emitting laser-diode on
one of the die is tumed on, it trans-
mits a laser beam straight up into one of
the pattems in the quartz. This pattemn 4
causes the laser beam to be deflected so
that it bounces backwards and forwards
between the face-surface mimor and the
quartz. When the laser hits the point on
the quartz directly above a photo-transis-
tor on the receiving die. another pattern
cut into the quartz causes it to be deflected
back through the quartz and down into the
receiver.

Note that the patierns cut into the
quartz in the illustration above are gross
simplifications. Additionally, there are
typically two patterns cut into the quartz
over the receiver, one on cach side of the
slice. The pattern on the upper side of the
slice captures the laser beam and deflects
it into the slice. and the pattern on the lower side then captures it
again and redirects it out of the slice down onto the receiver. These
patterns also perform the same function as a lens. focusing the beam
precisely onto the receiver. .

The angles of the patterns cut into the quartz are precisely calcu-
lated, as are the number of reflections between the face-surtuce

mirror, the interconnection pattern could
be reconfigured and a completely new set
of board-to-board interconnects could be
established. The mind boggles!

substrats

Figure 21.14: Holographic interconnect:
splitting a laser beam f.

16 The term *“face-surface’” refers to the fact that the reflective coating is
located on the face of the mirror. and not behind it as would be the case ina
mirror you look into when you shave or apply your makeup (or both. depending
on how liberated you are).

THE BOOK

Components and Processes.

Bebop is a big fat book bursting with readable information and witty asides from Manx. For instance you can
find out why Max's daughters caused the book to be written. how tall he is and where he works (as if you
wanted 10 know). Of course you can also leam a tremendous amount about Electronic Fundamentals.

If you want to read all of the 470 odd pages (and you should) you can buy the book from the EPE Direct
Book Service. You can also buy Max's second book (yes he has managed another one) Bebop Byles Back.

NEXT MONTH

In Pan 2 Max covers: Optical Memories, Protein
Switches and Memories. Electromagnetic Transistor
Fabrication. Heterojunction Transistors. Diamond Sub-
strates. Chip-On-Chip. Conductive Adhesives, Supercon-
ductors and Nano-Technology. So don't go away. it
becomes even more mind-boggling!

874

Evervday Practical Electronics. December 1997



Electronic CAD For Windows iS:ae

DESIGN N\
INTERNATIONAL 5

The complete, o L S m
powerful schematic S =Sl 1 B
and PCB layout g A =
tools for Windows. LA

s
-
v
H

fhe Eon Ploce [oels CAM (Wilbes Yindow Help
5

This is really easy!

CD Design your schematic with WinDraft...

- Choose from over 10,000 parts in WinDraft's
complete library of components.

- All the utilities you need are included in the
package from an Electrical Rules Checker to
netlist output to printing and plotting outputs.

- Cut and Paste inff(o other Windows appiications
such as Microsoft Word. Makes it easy to &
document your projects! WIN mA FT

Schematics

@ Create the artwork for the PCB with WinBoard... w N p
- Quickly route boards on up to 16 layers. PCB Layout
- Use SMD or through-hole components — or mix them g4y create designs up to 200 pins.
for maximum flexibility. Compatible with industry standard formats.
- Unique pad-stack editor can create pads of virtually R;(é))a(ngrgé%ggp:gtglggaar:}/aitllgglaé from all
any size or shape. . Good high street electronics shop's,

iler.
- Rotate components in 0.01° increments. Call 0181 926 1161 for your closest retailer.

Yhe The PC Solution,

Create a Gerber photoplot, NC Drill, pick and 2a High Road Leyton
o P e P J 2 PC London, E15 2BP.

| , and r manufacturing outputs!
place, and other manufacturing output O/ sO  Fax0181926 1160

Expand the program capacity at any time !
http://www.thepcsol.demon.co.uk

»  Tel0181926 1161 et

875



READOUT

John Becker addresses some of the general
points readers have raised. Have you anything
interesting to say? Drop us a line!

POWER EARTHING

Something of a stir was created by some com-
ments made in Circuit Surgery of October '97
(Back Down to Earth). The following letter typi-
cally represents the views expressed by a num-
ber of readers; it is followed by a reply from
Alan Winstanley.

Dear EPE,

You seem to state that the power companies
in the UK are distributing power to our houses
via one live conductor and an earth connection
at our houses, which retums power current to an
earth at the sub-station transformer.

Unless I have been misinformed for a lifetime
(I am recently retired). that is not the case. The
normal retum of power is via the neutral con-
ductor to the star point of the sub-transformer.
The star point is earthed directly or indirectly,
and it is only fault currents from our own live
installation conductors that travel via our instal-
lation earth to that star point.

I suggest that AW is over-simplifying the
protection: a read of the IEE regulations and
guides to them shows this. I know that articles
such as CS need to be short and pithy, but
the earthing explanation did not seem to come
over well. For your information, I enclose some
relevant extracts from the guide to the I5th
edition of the IEE regulations.

I.J. Goldfinch, Stevenage

Thank you for your comments and the data
relating to mains earthing, which | read with
interest, Several readers have either written or
phoned to express their opinions on the validity
of the Circuit Surgery item, and clearly there is
quite a lot of interest in this topic.

One problem is that qualified and experienced
engineers don’t seem to relate 10 a very simplis-
tic approach which it is necessary to adopt
sometimes, and as you rightly say, space was
severely resiricted in that issue which limited the
depth to which I could go.

In the few paragraphs | could spare, there
was no scope at all 1o discuss delialstar net-
works, 3-phase supplies, sub-siations or any of
the other techniques associated with electricity
distribution. I felt that, in any case, it would not
be appropriate in a micro-electronics magazine
to become 100 involved with the mains-side un-
less I came up with some in-depth and definitive
answers. This would have taken far 100 much
space and would have created as many ques-
tions as it answered.

However, | did choose my words more care-
Sully than some readers probably believe, and
I dealr with the regionalinational scale rather
than the local scale (delivery of the supply to
the domestic fuseboard, for example, where the
earth is hard-wired to neutral).

Furthermore, | was pretty clear on the point |
wanted 1o make and | actually asked a qualified
engineer from my local electricity board to com-
ment on the proposed text, He replied that there
was nothing wrong in what I intended 10 write,
so I proceeded on that basis as a follow up 10
an earlier Surgery article (which somebody said
had not fully answered the original question).

One interesting point caughl my eye in the
literature you kindly seni: ‘‘the earth can be
considered 10 be a vast conductor which is set at
zero potential’'. This begs the question: why use
copper wire instead of this earth **conductor’’?

Whilst 1 may be guilty of a woolly statement
or two, all | can say is that readers have replied
to these points each by writing several pages of
Ad text, along with IEE Regulations galore, 1o
explain the technicalities involved!

1t occurs to me that a separate feature article
with photos etc. may act to tidy up this topic, so
I'll ask to see what can be done. | have been
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invited on a tour of a power station and my local
electricity board would like 1o help out, so this
may develop further.

Many thanks for vour interest in the column,
and to all those who have commented on this
issue.

Alan Winstanley

PICS, PRAISES AND REBUKES
Dear EPE,

Glad to see Readour is back as it enables me
to sing the praises of at least two of your
advertisers: Engineering Services of Rotherham,
and Lennard Research of Newcastle upon Tyne,
Both companies gave me personal attention by
sending hand-written letters and information to
enable me to program the PICI16C84 via my
BBC **B'’ computer.

By singing their praises, I suppose this means
a smack on the wrist for you — you should have
supplied the relevant info!

I was able to write a suite of programs on my
Beeb within a few days (am I the only one still
with a Beeb?)

Also, regarding Dr Michael Sharp's letter
(Readout Nov °97), I am not familiar with his
Amstrad but assume it's IBM-compatible. This
raises the point I've made to you before — that
the free software is not for us who do not own
an IBM type PC.

Can you, therefore, print a hex-dump of the
listing and the configuration or/and make avail-
able photocopies of the listings?

Scott-Young, Bulwell, Notts

We know that many of our advertisers
recognise that personal attention helps 10 keep
customers happy and loyal. Offering help for
a vintage computer problem really deserves
applause.

For us, though, as much as we would like 10
help all readers who want to program PICs with
computers other than PC-compatibles. there are
enormous logistical problems. For example, for
which computers other than PCs should we
cater? The legacy from the past is great: Beebs,
PETs, Far 40s. C64s. Sinclairs, Acorns, Ar-
chimedes, Apples, Dragons, Tangerines, UK [0l s,
and so on - the list is extensive, and some of vou
can probably add to it.

How could we possibly provide info on pro-
gramming PICs from these older machines? We
can’t - for several reasons. First, our knowledge
is not all-embracing — we are simply not famil-
iar with programming many of the machines just
listed (or not listed). It would not be practical 1o
seek out those who do and get them to provide
the info, and it would cost 100 much 10 do so
anyway, as there are 100 few readers who would
benefit from it. Whilst we are sure vou would
like us to do things for purely aliruistic reasons.
there aren’t enough hours in the day. and we've
all got families, friends and pets who need us
(we believe!).

Besides which, if there is any moral obliga-
tion o cater for non-standard computers. then
the PIC manufacturers should make the neces-
sary information available.

Not even supplying photocopies of the listings
would be practical for us. Mv recent EPE Time
Machine had over 1000 commands occupyving
1200 text lines. At about 60 lines per printout
page, at least 20 pages would be needed for the
source code listing. A hex dump would need a
conversion process to be written and run in or-
der to produce a file suitable for outputting 10 a
printer — the object code (.OBJ) cannot be listed
directly since the values can be any from 0 10
255, most of which do not correspond to alpha-
numeric characters.

As it turned out, even supplying all our PIC
files on a 5-25-inch disk 1o Michael Sharp for his

Amstrad 1640 turned out 1o be problemaiic. |
had overlooked the fact that our 3-5-inch disks
hold more than can go onto a single 5-25-inch
disk, consequently | had to split our files into
three baiches, each on a separate 5-25-inch.
And then the copying time was excessive due 10
the computer's slowness in copying from hard-
disk to floppies.

So, very sorry folks, but we cannot offer help
with PIC programming for machines other than
PC-compatibles having 3-5-inch disk drives,
However, readers who want 10 use their non-
standard machines for PIC programming, might
consider putting a classified ad in our pages,
asking if other readers can help. Readers who
are willing to help can tell us for possible
Readout publication, or advertise the fact in the
classifieds.

But, there remains in mind the nagging ques-
tion: why don’t ill-equipped readers get a PC-
compatible computer? Whilst new ones start at
about £1000 (and even that's not expensive for
what you get), there are many second-hand bar-
gains lo be had inexpensivelv. Many companies
sell-off good machines when they upgrade 1o the
latest version.

In this way, | was able 10 buy a 4-vear
old Compaq for £25 from the company my
wife works for - thev were replacing about
40 machines in one go. It's a perfectly good
machine, although somewhat slow compared to
my Dell Pentium. (I did have to buy a new
mouse, though, for another £25!) Read the com-
puter maga:zines for info and adverts about
second-hand machines (but closely examine any
machine before buving it).

Let your old incompatible computers go into
retirement - more recent machines can do far
more for vou than perhaps vou realise.

Incidentally, thank vou Michael Sharp for the
posicard showing Rugby before the transmitters
were built!

AN END TO GW-BASIC
Dear EPE.

Re Tony Hiener's query regarding exiting
from GW-BASIC (Readout Nov. *97) - before |
retired | used several GW-BASIC programs and
always added these lines at the end:

900 INPUT " Another run ? Y/N ";R$

910 IF R$="Y" OR R$ ="y" THEN 10

950 INPUT " Finished with BASIC ? Y/N ";F$
960 IF R$ ="Y" OR R$ ="y” THEN SYSTEM
1000 STOP

Presumably,
QuickBASIC.
R.L.A. Latham, Stafford, Staffs

these would also work with

Thanks. Tony, obviously very useful when
running a completed and debugged GW-BASIC
program. | expect, though, that when developing
a program and wish 1o exit back to DOS before
its complete, you still use the command SYSTEM
on its own.

In fact, with QuickBASIC . the SYSTEM com-
mand does not achieve the same result. If called,
you certainly return to the DOS screen, but it
shows the statement ‘‘Press any key to con-
tinue''. Pressing a key then brings vou back into
QuickBASIC's editing mode. Not even pressing
CTRL/BREAK while in DOS gets round this.

Normally to exit from QuickBASIC editing
maode, you call down a menu panel using ALT
followed by f (for File mode) and then followed
by x to exit. If the current program has been
altered and not saved, the option to save is
automatically promptedireminded following the
X.

There are advanced ways by which 1o exit to
DOS from within a program. but these are less
simple than the above.

HOW QBASIC?
Dear EPE.

| was rather startled to come across the remark
“*QBasic (also known as Quick-Basic)'' in
Readout Nov '97, as there are considerable
differences in concept and detail between the
two languages.

QuickBASIC was sold as a much enhanced
version of BASIC with a 220-word instruc-
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tion set. The programming and very comprehen-
sive file-handling system are implemented via
Windows-type menus accessed by mouse or the
arrows keys.

Most BASIC versions are ‘‘interpreted’’,
meaning that each time a BASIC word is met in
the program, it has to be looked up in the word
list to find the machine-code to execute the
instruction.

However, QuickBASIC introduces the
“trick”’ of interpreting the BASIC code words
into pseudo machine-code when the program is
entered, so producing a ‘‘compiled’’ program
which will run much faster - hence
QuickBASIC.

QBasic is a simplified version of Quick-
BASIC, remaining as an interpreted and, hence,
slower running language. Programming is again
handled via Windows-type displays, but with
simpler menus for file handling. Also, a par-
ticularly convenient system for entering and
calling sub-routines is included.

For my present pre-occupation with writing
programs to run a model railway via a Maplin
1/O interface, speed is not an issue, and 1 find
QBasic much the easier language to use, and it’s
*‘free’’(!) for many users such as myself, being
incorporated into DOS-5 upwards and Windows
95 (and others?).

QuickBASIC has now been replaced by
Visual-BASIC, a much more complex (and
expensive!) version, incorporating facilities for
creatir}F Windows-txg: programs.

.B. Owen, Aberystwyth, Ceredigion

Thank you for putting me right on these
niceties. It seems, however, that it is common
mis-practice to use the names interchangeably,
and this will probably become increasingly
common.

For one thing, the directory under which my
QuickBASIC is held is named QBASIC (the full
name wouldn’t fit into the measly eight charac-
ters that DOS allows, even if [ wanted to use it).
Secondly, it is quicker to say and write QBasic
than the full name even when the latter in fact
applies. Amongst others, I am also guilty of just
using the term QB when in general conversation,
this not only being an even quicker way of saying
it, but is also in keeping with the keyboard com-
mand to enter the program from DOS.

All the programs | have written, including
those with machine code routines and mouse
control, run on my QBasic 1.1 as well as with
QuickBASIC, with the proviso that QBasic is
supplied with a text file of the commands. In
other words, a QuickBASIC file intended for
QBasic as well must be saved as ''Text -
Readable by Other Programs’’, rather than as
"*QuickBASIC - Fast Load and Save''.

Just as a further point of good order, the style
of spelling is shown on my screen as Quick-
BASIC (version 4.50), although (as has been
seen) | am also capable of mis-typing it as
Quick-Basic on the Readout page! According to
their program screens, QBasic and GW-BASIC
are the correct styles; | can’t vouch for Visual-
BASIC's correct style.

PINNING IT DOWN
Dear EPE,

With reference to the reply by JB to your
(edited) version of my letter (Pin Board
Wizard, Readout July '97), there appears to be
an emergency, presumably created by my not
having said the positioning of the holes for the
pins on the PBs (pin boards) are formed by
metal drills of a suitable diameter and not by
digging them out with a spade. Tin is relatively
soft and not as suitable as iron for spade
blades.

You may care to know that PBs were used in
about 1947 in a new type of feedback amplifier
1 produced and patented, and which was used
for transmitting TV signals between London and
Birmingham in the 3MHz to 7MHz band, prob-
ably before JB was bom.

I get a lot of fun out of such devnces and am
sad at the implication by JB that the UK is no
longer developing devices but, in my modest
way, reject thoughts that this was because I left
the UK in 1960.

Your readers may not appreciate my relief in
knowing that I have been passed as reasonably

sane by JB, operating in his role as a
psychiatrist, *‘physician first heal thyself"’.

In my letter I merely asked that you present
the case for PBs fairly so that your readers can
make judgement on the case for PBs, a request
that, for obvious reasons, has been rejected by
JB. All the claims I made for the advantages of
PBs over PCBs are demonstrably true, indeed 1
was decent enough not to mention that PBs are
far more rugged and robust, easier to modify,
and have longer lives because it is not possible
to remove all the corrosive materials used in
PCB manufacture.

With the red herring of stripboard, intro-
duced by JB, 1 suggest that they have many of
the disadvantages of PCBs and few of the ad-
vantages of PBs. It would appear that Indian
Fakirs have far more knowledge than JB of the
importance of component layout at higher fre-
quencies. My Cockney sense of humour sug-
gests that in place of PCBs, EPE should supply
PBs with the wire connections between the
mounting posts, the so-called ground wiring
completed, if in fact this wiring causes the
troubles stated by JB, which I very much doubt.

Kind regards with mountains of fun -
hilarity?

Ffeddle Clifford, Wetton, South Africa

Greetings Freddie, I'd been hoping you
would reply, although it's taken you longer than
expected — isn’t your subscription copy arriving
by airmail? If so, | suspect that at the time |
key-in this reply, you may not have seen George
Short's letter defending you in Readout Sept '97
(Ruffled Feathers), which includes a partial
acceptance on my part of the role pinned boards
can play in electronics prototyping, based,
indeed, on personal experience. When you've
seen that letter and reply. I'd be pleased to hear
from you again.

Here in the office. when your original letter
arrived, we were divided as to whether or not
you were pulling our legs. EditorIMD Mike
Kenward replied to you by mail in seriousness. |
have to admit that | was not sure, but felt on
balance that you had written in humour (is
there really a surplus of brass pins available
due to changes in South African shoe-making
techniques?).

I also acknowledged that any technology
should be selected to suit the conditions in
which it is to be used, hence my aside reference
to spades and tin roofs. In the early '60s, I
worked in many parts of West Africa, from
Sierra Leone to Nigeria. | recall that the
ubiquitous corrugated metal sheet was put to
many uses there, not just for roofing (the
so-called tin-roof). I have even seen it used as a
rudimentary spade, with a bit of make-shift
reinforcing (the illicit diamond miners in Sierra
Leone used crafty techniques to avoid detec-
tion). As I said, if something can do a similar
Jjob to something else, then use it.

What | had not appreciated is the extent to
which you appear to have used the pin board
constructional technique (I still can’t fully
visualise it). If you have a photograph of
something you designed around pin boards and
productively used in the past, send us a copy for
possible publication: we will return it to you.

Truly nice to hear from you. it's all in good
fun and Readout needs periodic light-hearted-
ness as well as informative discussion (in this
instance, we seem to have both — high frequency
Fakirs, indeed, really!).

Incidentally, your reference to my seeming
youthfulness is graciously accepted — the reality
is greatly different. Perhaps being involved in an
exciting technology keeps one young at heart!
As to my sanity, though? Well, many gave that
up as a lost cquse years ago!

WATER DESCALING
Dear EPE.

I had hoped that the PIC Water Descaler
article (Oct '97) might contain information on
how these devices work, or at least reference to
any published research.

As things stand, these descalers seem to be
related to plastic pyramids that are supposed to
sharpen razor blades put under them, or copper
bracelets that are supposed to cure arthritis.
Since my father had an electric descaler installed

Everyday Practical Electronics, December 1997

over 45 years ago, they are not ‘‘new’’ so
something must be written somewhere. (It didn’t
have any affect and my father had it removed
after six months.)

In a recent Daily Mail feature Answers to
Correspondents, there were three replies to the
question of how they work, varying from *‘they
don’t’’ to **don‘t know'" and (from a manufac-
turer!) **they do but I don’t know how"’

However, some time ago | built a "descaler
using an analogue VCO and this has reduced the
scale deposits around my kitchen sink (its sole
purpose as 1 have an ijon exchange water sof-
tener). The coil configuration is two open-ended
windings, exactly as used by three of the most
widely advertised devices on the market, and
thus not requiring a high current output. I note
that Mark Stuart’s design uses a single coil with
a current of over 200mA and wonder if there is
any evidence that this is more effective?

Barry J. Taylor, Rickmansworth, Herts

Unfortunately, we are unable to find any in-
formation on how or why water descalers work.
If anyone comes up with a reasonable article on
the subject we would be pleased to consider it
for publication.

I's too early to have had response from
readers on the effectiveness of Mark Stuart's
design, but we hope to hear in due course.
A number of readers have commented very
favourably on the effectiveness of the earlier
design from Andy Flind.

We would comment, of course, that when
“‘fringe’’ subjects crop up (such as electronic
descaling. Kirlian photography. ghost-voice
recording and the like) then it is not incumbent
on the reader who produces an experimental
device related to that subject to ''prove’’ how or
why it works. As long as there is enough
circumstantial or hear-say evidence that the
device will work under some conditions, even if
those conditions are not known, surely we do
not deserve censure for publishing it?

Nor do we necessarily expect contributors
to research the background to the subject for
which they have designed something. If this
were so, some prolific contributors (like your-
self) would spend much of their time in reference
libraries. Background information is interesting,
but not essential.

In the case of water descalers, there are
many claims that an alternating electrical field
can reduce the scaling. So far as is known,
no manufacturer of such devices has yet been
prosecuted under the Trades Descriptions Act.
The frequencies at which their equipment is
designed to operate can be (and has been) easily
established. Therefore, if anyone designs a cir-
cuit based on similar principles and those prin-
ciples are not patented, then we feel at liberty to
publish the design, providing it meets the other
criteria that we take into account before accep!t-
ing projects for publication.

It's interesting, Barry. that you have conﬂu‘l-
ing evidence on the subject. via your father and
your sink! To what do you attribute his failure
and your success?

Readers, we want to hear from you about your
knowledge or experience of water descalers.

Incidentally, I once promised Editor Mike that
I would one day design a Kirlian camera for
EPE, and one day | shall. The techniques for
Kirlian photography are well established (high
potentials causing strange images of nearby ob-
Jects to appear on pholosensitive materials). but
the reasons for it working remain controversial.
Would anyone care to offer me background infor-
mation or sources on this "‘fringe’" technology?

PARROTS!

Dear EPE,

In your Micro Pest Scarer of July '97, it was
not mentioned as to what is the éffective range
of the scarer and whether it will scare off birds.
Please give the range and examples or bird pests
it scares — 1 am mainly interested in scaring off
parrots.

Azam, Pakistan, via the Net.

The unit should be effective over about three to
four metres but we have not tested it as a bird
scarer and have no idea if it will have any effect
on parrots!
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MICHAEL McLOUGHLIN—

The tuned accuracy of this tiny
music maker is in-built and,
astonishingly, it needs no

aaustment!

NYONE making a musical instrument

collides at once with the problem of

accuracy. Musicians will complain
if the frequency of a note differs by more
than about one per cent from its correct
value. This rule appears to exclude the use
of resistor/capacitor (RC) oscillators, un-
less everything is made adjustable.

As a test, the writer bought a junior kit
based on RC oscillation, but when it was
assembled the notes were found to be up to
43 per cent out. To obtain proper accuracy,
electronic keyboards have tended to rely
on crystals, backed by large scale integra-
tion (LSI) processor chips.

Of course, one per cent resistors have
been available for years, but recently one
per cent capacitors have also appeared
on the retail market. This transforms the
situation.

It now seems possible to make a
genuine one per cent musical instrument,
based on RC oscillation, without adjus-
table components. Tuning is unnecessary.

The crystal will continue to be preferred
for anything complex, but the simplest in-
strument can now be made without it. For
this Mini Organ design, the author aimed
at producing just a basic keyboard, where
only one note can be played at a time.

Numerous tunes can be picked out on
such an instrument. More important is the
help that it can give to a singer. Many
people can sing, but most perform badly:
an instrument of this sort will find that
elusive note, and enable anyone to reach
the end of the verse.

Ability to read music is not essential:
you just experiment until you tap out the
tune. Teams, supporters, or party groups
anywhere might appoint a director of
singing: when things flounder, he could
produce this little instrument from his

pocket.
INTERVALS

If a sound has constant frequency,
musicians call it a note. Music is made by
stepping from one note to another. That
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step is called the interval: for example the
interval from frequency f to 2f is called an
oclave. The ear can recognise the octave
for what it is — a doubling or halving of the
frequency - whatever the starting note f,
and whether it goes up or down (2f to f/2).

To summarise, a definite interval is
produced by a definite multiplier, and for
the octave, the multiplier is two.

Sound two notes at random, and they
will probably produce a discord. But
choose any frequency f and compare it
with 3/2 X f. The multiplier is 3/2 and you
hear a beautiful concord, called the fifth.
Being greater than one and less than two,
this multiplier divides the fto 2f octave.

given. These frequencies are whole num-
bers and exact, and they are called the Just
Intonation (juste = accurate).

Tone-tone-semitone,  tone-tone-tone-
semitone. That describes the top line of
Fig.l1. But each of the tones is two
semitones, by definition. So there are 12
semitones in an octave. Since each
semitone step is a multiplier, you could
call it m, and insist that m'2 = 2: taking
the twelfth root of 2 gives m =
1-059(463094 . . . ) which is about 1-06.

This letter m is the multiplier needed to
g0 up a semitone: it adds almost six per
cent to the existing frequency.

Starting again from A = 440Hz and
using the precise figure for m, the fre-
quencies in the last line of Fig.1 can now
be checked. These are called the Well-
Tempered Scale, and all (except for A) are
infinite non-recurring decimals. But the
two scales are different!

The basic reason for the difference is
that the fractions that give perfect con-
cord are not spaced absolutely uniformly.

1 2
| | | 1 | | | |
I I o I I o
s 5 4 3 5 15
8 4 3 2 3 8
SECOND THIRD FOURTH FIFTH SIXTH SEVENTH
C D G B
264Hz 297Hz 330Hz  352Hz 396Hz 440Hz 495Hz  528Hz
2616 2937 329-6  349-2 392-0 440-0 493-9 5233

Fig.1. Note frequency multipliers.

Other fractions will also work: the mul-
tipliers 4/3, 5/4 and 5/3 divide the octave
in a pleasing way. But that list cannot
be extended: fractions involving integers
greater than five produce less pleasing
results. Whatever we do inside our heads
to identify a concord, it works much better
when small integers are involved.

The miultipliers have been laid out to
scale in Fig.1.

FREGUENCIES

The starting frequency (top left) in Fig.1
is labelled as /. But what starting fre-
quency does that / stand for?

By International agreement, it has been
decided that A = 440Hz. Divide by 5/3
to obtain C. and then use the multipliers
shown to check the first line of frequencies

The tempered scale represents a decision
to adjust all semitones to be absolutely
identical intervals (multipliers).

After two centuries of argument,
musicians everywhere have now accepted
the well-tempered scale. On keyboard
instruments, it makes matching to other
octaves practical, and the departures from
true concord involved (close to one per
cent in five of the eight notes) are well
nigh imperceptible.

So, we are entitled to draw an im-
portant conclusion: whatever they say,
musicians do tolerate errors up to about
one per cent, and they do so as matter of
course.

Further, we must go with the flow, and
accept the frequencies of the tempered
scale.
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So, to summarise the detail in Fig.l,
the line starts with / and ends with 2:
these figures represent f and 2f. The multi-
pliers are plotied along the line. Third and
Fourth etc. refer 1o the position on the
plot. These names are also used for the
interval, from / up to the point concemed.

The letters shown can also be used for
the notes. Start from / and go up a fifth
(X 3/2): going up a further third (X 5/4)
or down a further fourth ( + 4/5) produces
the Seventh and Second, and justifies their
insertion.

The larger steps, such as C to D are
almost equal, and are called rones. The
two steps of about half this size are called
semitones. To show this clearly the scale
in Fig.l is logarithmic, so that equal
distances represent equal multipliers, and
therefore equal musical intervals.

The tempered frequencies are those
which the Mini Organ has been designed
to produce. An oscillator that will generate
them is shown in Fig.2.

RC OSCILLATOR

To understand the circuit in Fig.2, first
suppose that one of the switches (S1 to S8)
is pressed: if the voltage at P is high,
then X is raised somewhat, but in time ¥
will rise above it, driving P low. But
P low means X is lowered somewhat,
and in time Y will fall below it, and so
the cycle repeats, generating an oscillating
waveform at P.

The keyboard resistor chain, R1 to R7,
sets the frequency scale, and it deserves
close attention. The basic problem is that
we cannot have exactly the resistors we
need. The chain can only be approximate.

It would be possible to rely on a parallel
chain of resistors, ‘*hanging’’ from P. But
there is only a finite number of resistor
values to choose from, and the series ar-
rangement offers eight times the fineness
of adjustment, because the resistors to be
added are eight times smaller.

RESISTOR VALUES

The resistor values shown are from the
E24 series, and 820k(} is the starting value

that defines the upper C note. To go down
the first semitone to reach the note B, the
frequency must be divided by m (as pre-
viously defined).

Thus, the decay time for the capacitor
voliage must be multiplied by m. So the
820k{} must be multiplied by m. to get
868-8k{), and this could be arranged by
adding 48-8k(} in series with it. The best
E24 fit is 47k() (and it produces a —0-21
per cent error).

Continuing to multiply by m or m2, and
then choosing the best fit from E24 resistors
gives the sequence shown for R1 to R7. The
largest error on any note in the chain wms
out to be 0-22 per cent, which is well inside
the one per cent total error allowable.

Ideally each resistor in the E24 series
should be 1-1006(94171...) times its
predecessor, so that 24 such steps will cover
a decade. But the resistance values allocated
to the E24 series contain departures of more
than four per cent from this ideal
progression.

The result of these wobbles is that replac-
ing the 820k} with another starting resistor
gives significantly different errors when the
new chain is deduced. The worst starter is
110k€) (or 11k€, or 1k1€Q. etc.) the maxi-

mum error it produces in the chain is 0-75
per cenl.

For most starting values. the maximum
error found is around 0-5 per cent, but
820k{) (or 82k{) or 8k2(). etc.) at 0-22 per
cent is the optimum choice.

After the resistor chain, choose the
capacitor (Cl). Then it is possible to
calculate the step voltage required at X to
produce upper C correctly. Using the value
of 4n7F shown, the feedback resistors (R9
to R11) required to generate this step are
also as shown (see later).

OSCILLATOR OP.AMP

The type CA3130 op.amp used as IC1 in
the oscillator circuit has the advantage that
its output voltage runs virtually to the
supply rails, which means that variations
in supply voltage should not affect the
frequency.

A compensation capacitor is usually
connected to the CA3130, but the author
had the good fortune to pull this out
accidentally, when the circuit was still
on .the breadboard. Mysterious errors of
five per cent in the upper frequencies
promptly disappeared, and the circuit per-
formed properly.

Rt2

=

AW L
-
3 B1
G o vt
® Ly —AAA -~
® d & e e e e e = = = B
r 1
R1 R2 R3 R4 RS R6 R7
180k 160k 75k 130k 120k 110k 47k
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)
L
|

>4
X

mm
X

a®

Fig.2. Op-Amp Multivibrator with switched feedback for frequency variation.
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Compensation restricts the rate at which
the output can slew, and that has propor-
tionately more effect on the square wave at
higher frequencies, delaying the charging
of the timing capacitor and so lowering the
frequency.

Whilst compensation is obligatory to
ensure stability in most negative feedback
arrangements, in this design IC1 is only
active during positive feedback. In other
words, it is acting as a comparator. So the
omission of compensation is legitimate.

SEMITONE AND
OCTAVE SWITCHES

Using a pushbutton switch to add a
270pF capacitor in parallel with the 4n7F
timing capacitor would reduce any note
frequency by six per cent, which is a
semitone. Alternatively, adding another
4n7F in parallel would drop any note by an
octave.

But these suggestions conflict with each

other. Once the octave is lowered, twice ~

the 270pF is required to produce a drop of
a semitone.

by the resistor network: it will cause less
error than adding capacitors. It is also a
much cheekier thing to do!

However, the system now needs to be
analysed again as a whole on a computer,
trying every reasonable value of resistor
and capacitor, to discover the components
that give minimum overall error.

Using QBasic, the author’'s 486DX
computer took over 30 minutes to find the
optimum components, now shown together
in the complete circuit diagram for the
Mini Organ, as depicted in Fig.4.

FINAL CIRCUIT

The circuit of Fig.2 has an irritating
quirk. If point Y is high when the last
pushbutton is released. then Y sinks slowly
over some tens of seconds, and an unex-
pected final click is heard when Y finally
sinks below the voltage on X. So the
keyboard of Fig.2 has been *‘inverted’” in
Fig.4 (switches S1 t0 S8 **on top*’).

This arrangement permits the addition
of resistors R1 and R2. When a switch (S1
to S8) is pressed, these resistors are

just a small extra

® AN

load on the op-
amp. But when all
:‘3, switches S1 1o
%

AT '\7\/‘ gjﬁ:;e aoPen?idl-?ziyl
vV potential, towards
which the timing
200k é - capacitor  decays,
- $10 and _no delayed

A .:l'_c click is produced.
The power
SEMITONE] | amplifier, I1C2,
provides a low

| ouTPUT l

m€®/

impedance output,
which is needed to
damp  speaker
resonances.

Ane

4n7 TS

The square wave
output produces a
sound midway be-
tween an organ and

bagpipes., which can
be softened by ad-

Flg.3. Semitone and Octave Network.

An altemnative is to produce the semi-
tone drop by adjusting the feedback resis-
tors, and this would work properly whether
or not a second 4n7F was in use to reduce
the octave.

This suggests a bolder move: dispense
with extra capacitors altogether, and re-
place the feedback resistors by a network,
which uses two pushbutton switches to
offer the four different values of feedback
that are required; see Fig.3.

When neither switch (S9 and S10) is
pushed, the circuit resembles that of Fig.2.
Pressing the semitone switch (S10) in-
creases the feedback slightly, increasing
the step at X. Frequency falls a little, as the
voltage at Y now has to *“travel’’ further.

The octave switch (§9) has a much more
drastic effect. If it is held pressed, the
semitone switch allows greater change in
current than it did before, and an accurate
semitone is again generated.

COMPUTATION

There is some evidence that one per cent
resistors tend to be more accurate than one
per cent capacitors. This suggests that gen-
eration of semitone and octave is best done
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ding capacitors C4
andfor CS. Space
has been left for both, but you may install
either or neither. The author preferred to
include just CS, to give the slightly rough
sound of the traditional organ.

POWER CONSCIOUS

To avoid battery waste, an auto power-
off circuit has been included. The circuit is
switched on by pressing switch S11. This
causes transistor TR2 to tum on, so tuming
on TR1 to allow power to reach the rest of
the circuit.

If no note is sounded for a couple of
minutes, the charge on capacitor C11 fades,
and the circuit is switched off by the joint
action of TRl and TR2. Light emitting
diode (l.e.d.) D4 shows when the circuit is
on.

In the interests of oscillator stability, ad-
vantage was taken of the class B output cir-
cuit around IC2. On the positive half of the
signal cycle the battery is heavily loaded,
and it may lose 1V, or rather more than that
as it ages. But on the negative half-cycle
the battery is not loaded, and its voltage
recovers almost completely.

Diode DI in the positive rail en-
sures that only the recovered voltage

Table 1. Prototype frequency
performance

Note Target Measured Error (Hz)
HighC 523-3 521-8 -15
B 4939 4935 -04

A 440 438-0 -20
G 3920 390-3 -17

F 3492 3490 -02

E 3296 3290 -06

D 2937 2931 -06
LowC 2616 2615 -01
Semi HC 4939  493-2 -07
OctHC 2616 2620 +04
OctLC 1308 130-8 0-0

Semi HC = semitone and High C
Oct HC = Octave and High C pressed
Oct LC = Octave and Low C pressed

powers the oscillator, limiting the effects of
battery ageing.

TARGET VALUES

The network in Fig.4 does not quite
produce the four target values that are
required. but the largest of its four errors
is only 0-18 per cent. This must be added
to the 0-22 per cent mismatch found in
the resistor chain, to give a maximum
note mismatch of (-4 per cent, which is
stitl well under the one per cent target
aimed at.

So far, no allowance has been made for
the tolerance error that might be found in
the components themselves. It is already
clear that one per cent components are
required: five per cent errors would blow
away the above results.

In fact, most of the errors are likely to
be a good deal less than one per cent, and
they are unlikely to conspire to go in the
same direction. So there is a good chance
of remaining within the one per cent over-
all margin allowed, even when the one per
cent tolerance errors are added.

The 10V differential input voltages
that might occur with the CA3130 have
almost no effect: they slow one half of the
cycle slightly, but speed the other half
equally. The best test is to construct the
instrument, and to measure its errors.

Table | shows the results achieved with
the prototype.

CONSTRUCTION

The case chosen is of minimum depth,
so that the instrument can be carried in a
pocket. The speaker must not exceed
38mm diameter or 17mm depth. The
electrolytic capacitors should be low-
profile types, height not exceeding 7mm,
and the remaining capacitors should be
kept small as well. Resistors are (0.25W
size.

The circuit is assembled on stripboard,
layout details for which are shown in
Fig.5.

Stripboard is easy to cut, if it is clamped
to a good edge, copper side “uppermost,
and then cut with a hacksaw held almost
parallel to the board. Note that part of
one edge is removed, and two corners
are trimmed. Handle these tasks with par-
ticular care.

Tidy the cut edges with steady strokes
of a file. Then make the breaks (cuts) in
the track as shown, using a standard strip-
board cutting tool.
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COMPONENTS

+] ('l
-4t
bt -1~ Resistors
e : 31' 23 ;3,10&2(8")") 1%
— 5 i 3, (o) o
. T — ' RS 750k 1%
<Q\ o~ £ -L ag | R6 1M 1%
AJe €% |og ! R7, R8 33k (2 off) 1%
|k R T LR i
o = (] i 1 o
= 5 H EE§ ! r i R11 7ok 19 Oee
L 4 Py 8e ' _‘V§V_U+ l_': R12 130k 1% <1
i I o E 3 | R13 120k 1%
i 3% g8 8 7 i R14 110k 1% ;rALK
s - i R15 47k 1% age
T \. nig 8507 1%
R17, R2 2k2 (2 off)
— ¥ 8§ R18. R25,
5 E ST
L o= d o
Y Y . b S — R21 10k
T L H ' R22 2200
w ~ & [}
2. —fe— LT ' R23 10
208 2 Al resistors 0-25W 5%, unless stated
Bi ] W .
- f 8% Capacitors
——— H [ _ J C1,C10, 100w min. radial elect. 16V
C11 (3 off)
[ | c2 4n7 1% polystyrene
< s C3toC5  10n min. polyester (3 off)
83 3 - 82 C6,C7,C9 10y min. radial elect. 16V
£3 (3 off)
—'[]:;—‘ c8 1n polystyrene
a & = ] Semiconductors
8% 8 2 8 DitoD3  1N4148 (3 off)
| AAA "f. D4 red l.e.d. 5Smm high
y D brightness
z8 TR1 BC327 pnp transistor
TR2 BC549 npn transistor
IC1 CA3130 op.amp
gy" IC2 TBA 820M power op.amp
.2 A
OF |x
Miscellaneous
B1 PP3 9V battery
LS1 8() speaker 38mm dia.
x 17mm deep
S1t0S11 push-to-make switch, 5Smm
x 5mm grid (11 off)
. Stripboard, 0-1 inch pitch, 10 rows x
! 1 41 holes (see text); battery clip; 8-pin
i : d.il. " socket (2 off); speaker cloth (see
: & text); plastic case 111mm x 57mm x
H Sl, .10 22mm; solder pins, singte sided (13 off);
! sla |'| o connecting wire, solder, etc.
w

FEEDBACK
NETWORK

Approx Cost £ 1 5
Guidance Only

(excluding battery)

Solder the 13 links in position first, then
assemble in order of resistors. diodes, i.c.
sockets, terminal pins, capacitors C3, C4,
I a— | CS and C8 (you can omit C4 or CS or

b o

(2]

. both, as discussed earlier). Next, insert the
/\ transistors and remaining capacitors.
~f N+ Finally, make the solder link that joins

i('___m | pins 6 and 7 under the socket for IC2.
—}“’N Omit it, and there will be no output!
; DRILLING THE LID
M- 'A% The lid of the case carries the resistor
28 :8 chain, all pushbutton switches, the Le.d.
ANN ANN and speaker, plus resistors R7 and R8. Ac-
curate location of the components is re-
" quired, if everything is to fit.
| § Preparing the lid is definitely a chal-
-8 lenge. However, the work becomes quite
b easy if an additional piece of stripboard is
used as a jig, as in Fig.6.
The piece of stripboard used will not be
damaged and it can be larger than that

R1
™
R2
™

Fig.4. Mini-Organ final circuit.
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Fig.5. Component layout on the stripboard, and trackside view showing the track

breaks required.

shown. Lay the stripboard with copper
tracks uppermost. Then use a marker pen
1o ring the holes shown, to guide the Imm
drill. Only the relative position of the
marked holes is important.

Take the lid of the box and lay it face
upwards. Note the slightly curved profile of
the edges. Measuring from the outer profile
of the edge, use a pencil to mark point A
exactly 9mm from its two adjacent edges.

Use the stripboard track-break tool or
similar to make an indent at A, and follow
through with a lmm drill. Press an old-
fashioned brass drawing pin into hole A
from below. Sometimes a modern drawing
pin has teeth near the tip, and these can be
an obstacle.

Find hole A on the jig, and locate it very
positively and with copper side upwards on
the drawing pin at hole A on the lid. Adjust
the lower edge of the lid by eye, so that it
runs exactly parallel to the rows of holes in
the board, and drill through the jig at hole B,
to produce hole B in the lid.

Insert a second drawing pin at B from
below, to lock the jig and lid at B. Position
jig and lid on a flat backing board, so that
both pins are truly trapped. Keeping them
under observation, drill all the other holes
that are marked on the jig, except those
nearest to A and B. To drill these, move the
pins elsewhere, to avoid fouling the drill.

Four holes in the jig define the speaker
aperture. Drill these four, and a succession
of intermediate holes on the perimeter of

that aperture. With a little more work the
centre can now be cleared, and the aperture
tidied. But treat its narrow edge with some
respect!

Drill out the l.e.d. hole to Smm diameter.

SWITCH MOUNTING

The pins on the switches only project
Imm beyond the plastic of the lid. To
create more room for soldering, use a track-
break tool on the underside of the lid,
to countersink each of the Imm diameter

holes. Remove material gently, until the full
diameter of the track-break tool is engaged.

Each switch has four pins, which divide
into two pairs. Each pair is internally con-
nected, and pressing the button connects the
two pairs together. The button must be
oriented correctly, to achieve correct opera-
tion. The flat on its the outer ring is there to
help. and it should face to the right.

Soldering causes the plastic material of
the lid to melt and seize the switch pins,
and any errors of orientation will require
serious surgery. For the same reason, it
is important that the switches are pushed
fully home at the moment of soldering.

This is best achieved by loading all the
switches on to the lid. Then invent the lid,
using a card to prevent them from falling
out, and lay it on a clean work surface.

Before starting to solder, inspect care-
fully to ensure that all switches are pushed
fully home. Check frequently during the
soldering. See Fig.7.

To fix the switches in the plastic, every
pin should be soldered. First solder the
connecting wire, via D. Add short pieces
atJ, H and G.

LAST LID BITS

Keep resistors R9 10 RIS fairly flat on
the lid, and clear of the edge. Resistors R7
and RS should stand 10mm away from the
lid, to facilitate connection at C.

A piece of speaker cloth can be glued to
the rubber ring around the speaker cone,
or handkerchief-styic material can be used
instead.

Apply glue 10 the cloth, but only
over the speaker ring. Place the covered

7
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Flg.7. Inside view of lid.
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Fig.6. Stripboard jig for use when drilling lid.
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speaker as in Fig.7, just clear of the edge
profile, and as close as is safe to the left
hand buttons. Check that the view into the
aperture is satisfactory. Before the glue is
dry, try closing the lid, to ensure that the
speaker does not foul the battery (with
clip).

The l.e.d. can be fixed in place with a
clear adhesive.

WIRING

Refer again to Fig.S. Firstly, trim the
leads on the battery clip to 40mm, and
solder them at the pins indicated. Find pins
CDEFG on the left of the stripboard, and
pins HIKLMN towards the right. Pins with
the same letters are marked in Fig.7: con-
nect C to C and so on.
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Flexible wire must be used, to allow the
lid to shut easily. The author used a piece
of coloured ribbon cable at each end of the
stripboard. When deciding on length of the
leads and their separation. bear in mind
that there is room for the ribbons to run
backwards and forwards along the line of
the two i.c.s.

Neither ribbon, though. should use more
than half the available run, and it should
fold into this space as the box is closed. If
these leads are excessively long, they are
more difficult to pack into the space avail-
able. If they are too short, it is difficult to
control the folding when the box is closed.
The photograph should act as a guide.

If you wish, drill a 3mm hole in the rear
just behind the speaker, and bring out a
pair of wires from the speaker terminals.
The pair should terminate in a terminal
block., to protect IC2. Output voltage is IV
peak, and it will drive a power amplifier,
to produce a rock-steady organ note. Alter-
natively, these leads will drive a frequency
meter, to test the instrument.

TESTING

Before closing the box, connect the bat-
tery. in series with a current meter. There
should be no current until the On switch is
pushed, when a standing current of around
11mA should flow. This should increase
to about 44mA when a note is sounded.
Within three minutes of play finishing, the
l.e.d. should slowly extinguish.

When closing the box, watch the 4n7
capacitor C2: there is no headroom above
it for any leads, but there is plenty of room
on the i.c. side. If the lid bows upwards,
you have something trapped somewhere.
Or, perhaps, there are some long °‘tails’’
under the stripboard — trim them off.

Note that before the prototype box could
be closed, the author had to clear the screw
holes in its base, using a 2mm drill.

It is not necessary to fix the stripboard
or the battery inside the box.

ACCURACY

When tested with a frequency meter, the
prototype gave the results shown earlier in

Table 1. The figures are on the startling
side: the maximum error found was under
0-5 per cent! A piano chosen at random
would not be that accurate.

By trying three other timing capacitors
and choosing the worst of them, it was
possible to double the maximum error,
to I-1 per cent. The extra error caused
by capacitor tolerance affects all notes
equally. so it does not alter the relative
tuning: as a result it is too small to be
perceived, even by someone gifted with
*perfect pitch™".

Musicians  who have tried this
instrument have played happily for some
time, and without commenting on the
tuning.

Three demonstration tunes are offered
in the Musical Appendix panel.

MODIFICATIONS

This design could be expanded in a
number of directions. Capacitors C4 and
CS5 could be connected to switches, to
allow change of tone. If mechanical skills
are in evidence. piano-like keys could be
arranged to operate strong microswitches,
which would provide the springs needed
to restore the keys.

Where mathematical skills are avail-
able, the black notes of the keyboard
could be added: and/or the octave facility
could be dropped, with the lower octave
generated by continuing the resistor chain
instead. The method of calculation has
been indicated carlier. )

button.
C DC

CDCF F F G AG'C

MUSICAL APPENDIX

Here are some tunes to try. When playing, hold the_finger forward, its flesh
underside should do the work. Lengthen any note.

Speed, bonnie boat, like a bird upon wing; Onwards, the sailors cry;
F F FGAG C

Carry the lad that was born to be king, Over the sea to Skye.
AG A D D F

The second tune uses the semitone: C means Semitone switch +C
CCDCCD EEFEDC DCCC; GGGGFE FFFFED EFEDCEFG AFEDC

Frere Jacques uses the octave: g means Octave button + G:
CDEC CDEC EFG EFG GAGFEC GAGFEC  CgC CgC
When a note cannot be reached, the octave lower can be played.

Play »D as D, but sing it an octave higher:

GGGAGGD EDEGGG ; GGGAGGD EDEGGG
» D 7 CBABAG EDEGGG; DDEGGGA

C refers to the upper

AG ADD C

-»D ©CBAG 1 CG
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VIDEOS ON ELECTRONICS

A range of videos (selected by EPE editorial staff) designed to provide
instruction on electronics theory. Each video gives a sound introduction and
grounding in a specialised area of the subject. The tapes make learning both
easier and more enjoyable than pure textbook or magazine study. Each video
uses a mixture of animated current flow in circuits plus text, plus cartoon
instruction etc., and a very full commentary to get the points across. The
tapes originate from VCR Educational Products Co, an American supplier.
(Al videos are to the UK PAL standard on VHS tapes.,)

BASICS
VT201 to VT206 is a basic electronics
course and is designed to be used as a
complete series, if required.

VT201 54 minutes. Part One; D.C. Circuits. This
video is an absolute must for® the beginner.
Series circuits, parallel circuits, Ohms law,
how to use the digital multimeter and much
more. Order Code VT201
VT202 62 minutes. Part Two; A.C. Circuits. This
is your next step in understanding the basics of
electronics. You will learn about how coils,
transformers, capacitors, etc are used in com-
mon circuits. Order Code VT202
VT203 57 minutes. Part Three; Semiconductors.
Gives you an exciting look into the world
of semiconductors. With basic semiconduc-
tor theory. Plus 15 different semniconductor
devices explained. Order Code VT203

VT204 56 minutes. Part Four; Power Supplies.
Guides you step-by-step through different sec-
tions of a power supply. Order Code VI204
VT205 57 minutes. Part Five; Amplifiers. Shows
you how amplifiers work as you have never
seen them before. Class A. class B, class C,
op.amps. etc. Order Code VT205
VT206 54 minutes. Part Six; Oscillators. Oscil-
lators are found in both linear and digital cir-
cuits. Gives a good basic background in oscil-
lator circuits Order Code VT206

£34-95..

inc. VAT & postage

Order 8 or more get one extra FREE
Order 16 get two extra FREE

" VCR MAINTENANCE

VT102 84 minutes: Introduction to VCR
Repair. Warning. not for the beginner.
Through the use of block diagrams this
video will take you through the various
circuits found in the NTSC VHS system.
You will follow the signal from the input
to the audio/video heads then from the
heads back to the output.

Order Code VT102
VT103 35 minutes: A step-by-step easy to
follow procedure for professionally clean-
ing the tape path and replacing many of
the belts in most VHS VCR’s. The viewer
will also become familiar with the various
parts found in the tape path.

Order Code VT103

DIGITAL

Now for the digital series of six videos,
This series is designed to provide a
good grounding in digital and computer
technology.

VT301 54 minutes. Digital One; Gates begins
with the basics as you learn about seven
of the most common gates which are used
in almost every digital circuit, plus Binary
notation. Order Code VT301
VT302 55 minutes. Digital Two; Flip Flops will
further enhance your knowledge of digi-
tal basics. You will learn about Octal
and Hexadecimal notation groups, flip-flops,
counters, etc. Order Code VT302
VT303 54 minutes. Digital Three; Registers and
Displays is your next step in obtaining a solid
understanding of the basic circuits found in
today’s digital designs. Gets into multiplexers,
registers, display devices, etc.

Order Code VT303
VT304 59 minutes. Digital Four; DAC and ADC
shows you how the computer is able to com-
municate with the real world. You will learn
about digital-to-analogue and analogue-to-digi-
tal converter circuits. Order Code VT304
VT305 56 minutes. Digital Five; Memory Devices
introduces you to the technology used in many
of today's memory devices. You will learn all
about ROM devices and then proceed into
PROM, EPROM, EEPROM, SRAM, DRAM, and
MBM devices. Order Code VT305
VT306 56 minutes. Digital Six; The CPU gives
you a thorough understanding in the basics of
the central processing unit and the input/output
circuits used to make the system work.

Order Code VT306

= e R e et et 1
! VIDEO ORDER FORM |
: B PUBINCE . reeenreeeeerseeasneseesessssssossssssesssbesesssbasesssss st bessesessssms bR s AR AR RS0 :
D AAIEO8: vvvveveveeersseessssessssesssecerseseseasasessastassssasssessssesossasssssssesssntesasemmesasestsstsssassorsssrsasessans !
| |
| |
R I
: ................................ Post code: ......uueevevveennniiennnnennns Telephone No............coooviiviiiiinnnennes :

SHGNALUTE: ....oeoeveeiieiiniie ittt ee e et e tes e e st e et s st sb et st e b et s e s st s s st :

[J Please charge my Visa/Mastercard:

Card NO: ..coenevveiiiieriiicereee et ceraeeeenes
Please send video order codes.....................

[J 1 enclose cheque/PO payable to WIMBORNE PUBLISHING LTD

Card expiry date ..........ccooevviiimiiininnnennnnens

! Please continue on a separate sheet of paper if necessary. !

Evervday Practical Electronics,

RADIO
VT401 61 minutes. AM. Radio Theory. The most
complete video ever produced on a.m. radio.
Begins with the basics of a.m. transmission and
proceeds to the five major stages of a.m. recep-
tion. Learn how the signal is detected, converted
and reproduced. Also covers the Motorola C-
QUAM a.m. stereo system. Order Code VT401
VT402 58 minutes. FM. Radio Part 1. FM. basics
including the functional blocks of a receiver.
Plus r.f. amplifier, mixer oscillator, i.f. amplifier,
limiter and f.m. decoder stages of a typical f.m.
receiver. Order Code VT402
VT403 58 minutes. FM. Radio Part 2. A con-
tinuation of f.m. technology from Part 1.
Begins with the detector stage output, proceeds
to the 19kHz amplifier, frequency doubler,
stereo demultiplexer and audio amplifier stages.
Also covers RDS digital data encoding and
decoding. Order Code VT403

MISCELLANEOUS

VT501 58 minutes. Fibre Optics. From the fun-
damentals of fibre optic technology through
cable manufacture to connectors, transmitters
and receivers. Order Code VT501
VT502 57 minutes. Laser Technology A basic in-
troduction covering some of the common uses of
laser devices, plus the operation of the Ruby
Rod laser, HeNe laser, CO9 gas laser and semi-
conductor laser devices. Also covers the basics
of CD and bar code scanning.

Order Code VT502

ORDERING: Price includes
postage to anywhere in the
world.

OVERSEAS ORDERS: We use the
VAT portion of the price to pay for
airmail postage and packing, wherever
you live in the world. Just send £34.95
per tape. All payments in £ sterling
only (send cheque or money order
drawn on a UK bank).
Send your order to:

Direct Book Service, 33 Gravel Hill,
Merley, Wimborne, Dorset BH21 1RW
(Mail Order Only)

Direct Book Service is a division of Wimbome
Publishing Ltd.

Tel: 01202 881749 Fax: 01202 841692
Videos are normally sent within seven days of

receipt of order. £22
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DIRECT BOOK SERVICE

ELECTRONICS TEACH-IN 88/89
INTRODUCING MICROPROCESSORS
Milu Tooloy B.A. (published by Everyday Practical

A complete course that can lead successful readers to
the award of a City and Guilds Certificate in Introductory
Microprocessors (726/303). The book contains everything
you need to know including full details on registering for
assessment, etc.

i cover Micr , Microproces-
sors, Memories, lnput/Outpm, lnterfacmg ‘and Program-
ming. There are various practical assignments and eight
Data Pages covermg popular mlcroproceuon

And bject even for those
who do not wish to take m Clty and Gu:lds assessment.

80 pages £245

ELECTRONICS TEACH-IN No.6

DESIGN YOUR OWN CIRCUITS

{published by Everyday Practical Electronics)

Mike Tooley B.A.

This book is designed for the beginner and experienced
reader alike, and aims to dispel some of the mystique
associated with the design of eloclromc circuits. it shows
how even the rel. ics can, with
the ngm approach, design and realtse quite complex
circuits.

Fourteen md-v:dual p.c.b. modules are described which,
with d modificati should allow anyone
to design and construct a very wide range of different
projects. Nine “hands-on” complete DiY projects have
also been included so readers can follow the think-
ing behind design, sssembly, construction, tmmg and
evaluotnonmther with suggested “mods” to meet
I"d]l;l‘ldual

e subjects covered in each chapter of the book a
Introduction and Power Supplies; Small Signal Am uﬁon
Power Amplifiers; Oscillators; Logic Circuits; Timers;
Radio; Power Control Optoelectronics.

The nine | are: Ver-
satile Bench Power Supply; Simple "Intercom; Bench
Ampilifier/Signal Tracer; Wavolorm Genomor Electronic
Die; Pulse Radio ; Disco Lights
Controller; Optical Commumcatnom Link.

136 pages €145

ELECTRONICS TEACH-IN No. 7. plus FREE SOFTWARE
ANALOGUE AND DIGITAL ELE! ICS COURSE

Everyday Practical Electron
ﬂﬁ‘ wmmev Keith Dye B. sngmemlmzs

Thu highly ucclanmod EPE Teach-In series, which included

construction and use of the Min/ Lab and Micro Lab
tut and development units, has been put together in
book form. Additionally, EPT Educational Software have
developed a GCSE El to com-
pliment the course and a FREE DISK eovotmg the first two
parts of the course is included with the book.

An lmorestmg and morough tutonal urm asimed spaci-
fically at the novice or
The series is designed to wppon those undmlu either
GCSE Electronics or GCE Advanced Levels, and starts
with fundamental principles.

if you are taking electronics or technology at school
or college, this book is for you. if you just want to
learn the basics of electronics or technology you must
make sure you see it. Teach-in No. 7 will be invajuable
if you are considering a career in electronics or even
|f ou are already training in one. The Mini Lab and

are enable the construction and testing of both

ation and de circuits. These learn-

ing aids bring electronics to life in an enjoyable and

imereslingrway: you will both see and hear the electron

in action! The Micro Lab microprocessor add-on system

will appeal to higher level students and those develop-
ing MiCroprocessor projects.

pages Order code TI7 £3.95

ELECTRONIC PROJECTS BOOK 1
(publmcod by Everyday Practicsl Electronics in
with M. Electronics)
Contains twenty prolects from previous issues of EE
each backed with a kit ol components. The projects
are: S il Sea Sy i EE Treasure Hunter,
Mini Strobe. Digital Capacitance Meter, Three-Channel
Sound to Light, BBC 16K sideways RAM, Simple Short
Wave Radio, insulation Tester, Stepper Motor Interface,
Eprom Eraser, 200MHz Digital Frequency Meter, infra
Red Alarm, EE Equaliser, loniser, Bat Detector, Acoustic
Probe, Mainstester and Fuse Finder, Light Rider - (Lapel
Badge, Disco Lights, Chaser Light), Musical Doorbell,
Funcnon Genemor, Tlll Alarm, 10W Audio Amplifier, EE
| Metal D BC Midi
Interface, Variable Bench Power Supply, Pet Scarer,
Audio Signal Generator.

128 pages £2.45

The books listed have been selected by Everyday
Practical Electronics editorial staff as being of special
interest to everyone involved in electronics and
computing. They are supplied by mail order to your
door. Full ordering details are given on the
last book page.

FOR ANOTHER SELECTION OF BOOKS SEE THE NEXT
TWO MONTH'S ISSUES.

Note our UK postage costs just £1.50 no matter how
many books you order! 3

Clircufits and Design

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

TTL devices in the “real world”

142 pages £4.95

BOOK 2

The circuits covered are mainly concerned with signal
generation, power supplies, and di 19|ul electronics.
192 pages emporarily out of print

A BEGINNER'S GUIDE TO MODERN ELECTRONIC
COMPONENTS

R. A. Penfold

The purpose of this book is to provide practical informa-
tion to help the reader sort out the bewildering array of
components currently on offer. An advanced knowledge
of the theory of electronics is not needed, and this book is
not intended to be a course in electromc theory The main
aim is to explain the diff of
the same basic type (e.g. carbon, carbon ﬁlm, metal film,
and wire-wound resistors) so that the right component for

a given app can be sel d. A wide range of com-
are included, with the is firmly on those
componenn that are used a great deal in projects for the

home constructor.
170 pages £4.99
ELECTRONIC MODULES AND SYSTEMS FOR
BEGINNERS

Owen Bishop

This book describes over 60 modular electronic circuits,
how they work, how to build them, and how to use them.
The modules may be wired together to make hundreds
of different el y both and digi-

tal. To show the reader how to in building systems
from modules, a selection of over 25 electronic systems
are described in detail, covering such widely differing ap-
plications as timing, home security, measurement, audio
{including a simple radio receiver), games and remote

control.

200 pages £295
PRACTICAL ELECTRONIC DESIGN DATA

Owen

This book is a i fi | for

electronics enthusuam of all Ievels, be they
students or professionals. A helplul major section covers
the main kinds of ¢ ding surface- t
devices. For each sort, it lists the most useful and readily
available types, complete with details of their electronic
characteristics, pin-outs and other esunnal information.
Basic el units are d d up by a com-
pendium of the most often required formulae, lullv ex-
plained. There are five more extensive sections devoted
to circuit design, covering analogue, digital, radio, display,
and power supply circuits. Over 150 practical circuit dia-
grams cover a broad range of functions.

328 pages e

::;AC‘I‘I(L:‘QIé ELECTRONICS CALCULATIONS AND
F. A. Wilson, CGIA CEng FIEE FIERE FB.L.M.
Bridges the gap b | theory, and
"cut-and -tried” methods wlnch may bring success in design
but leave the experimenter unfuffilled. A strong procncal
bias - tedious and higher math have beei
where possible and many tables have been mcluded

The book is divided into six basic sections: Units and
Constants, Direct-Current Circuits, Passive Components,
Alternating-Current Circuits, Networks and Theorems,

Measurements.
256 pages, £295

Computing

WINDOWS 95 EXPLAINED

P. R. M. Oliver and N. Kantaris

f you would tike to get up and running, as s00n as pos-
sible, with the new Wi 95 op: ystem, then
thig is the book for you.

The book was written with the non-expert, busy person
in mind. It explains the hardware that you need in order to
run Windows 95 successfully, and how to install and op-
timize your system’s It p an overview of
the Windows 95 environment.

Later chapters cover how to work wrth proggams,

folders and d how to

use the many accessories that come w-th it; how 10 use
DOS programs and, if DOS and
how to communicate wlth the rcn ol the electronic worid.
170 pages e
INTERFACING PCs AND COMPATIBLES

R. A. Penfold

Once you know how, PC interfacing is less involved than
interfacing many e:ght-bﬂt muchmes, whlch have tended
10 use some interfaci

This book gives you: A detailed descnpnon of the lines
present on the PC exp. bus. A di of
the physical istics of PC cards. The
VO map and detalls of the areas where your add-on can
be fitted. A d of
Practical addresg decoder circuits. Simple TTL 8.bit input
and output ports. Details of using the 8255 parallel inter-
face adaptor. Digital to anal converter circuits. In fact

everything you need to know in order to produce success-
ful PC add-ons.
80 pages £2.95

SAiV PC INJERFACING
Although the internal expansion slots of a PC provide full
access to the computer’s buses, and are suitable for user
add-ons, making your own expansion cards requires a fair
amount of expertise and equipment. The built-in ports
provide what is often a much easier and hassle-free w.

of interfacing your own circuits to a PC. In particlar, a P(!.
printer port plus a small amount of external hardware
provides a surprisingly versatile input/output port. The PC
"games” port is less useful for general interfacing pur-
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poses, but it can be useful in some applications.

This book provides a number of useful PC add-on
circuits including the following: Dlgltal input/output ports;
Analogue to digital converter; Digital-to-Analogue Con-
verter; Voltage and current measurement circuits; Resis-
tance meter; Cap. meter; Temp e
ment interface; Biofeedback monitor; C it
model train controller; Pulsed model train controllers;
Position sensor (optical, Hall effect, etc.}; Stepper motor
interface; Relay and LED drivers; Triac mains switching

interface.
Order code BP385 £4.95

179 pages

HOW TO EXPAND, MODERNISE AND REPAIR PCs
AND COMPATIBLES (Revised Edition)
R. A, Penfold
Not only are PC and compatible computers very ex-
pandable, but before long most users actually wish to
take ad ge of that expandability and start upgrad-
ing their PC system. Some aspects of PC upgrading
can be a bit confusing, but this book provides advice
and guidance on the gorular forms of internal PC ex-
pansion, and should t0 make thmgs reasonably
straightforward and p o Little of com-
puting is d. The only ption is that you can
operate a standard PC of some kind (PC PC XT, PC AT,
or an 80386 based PC).

The subjects covered include: PC overview; Memory
upirades; Adding a hard disk drive; Adding a floppy

drive; Display adaptors and monitors; Fitting

8 maths co-processor; Kevboards Pons, Mlce and
digitisers; M ve main-
tenance) and Repairs, and the mcreasmglv popular
subject of d.i.y. PCs.
156 pages Order code BP271 £5.99

THE PRE-BASIC BOOK

E BAi ailmn, C.G.l.A,, CENG, FLEE, FLERE,
Another book on BASIC but with a difference. This one
does not skip through the whole of the subject and
thereby leave manv would-be programmers lloundermg

but i on introd the

by looking m depth al the most lrequemlv used and
more easily und: comp instructi For all
new and potential micro users.

192 pages e
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TWO EXCITING NEW BOOKS

Specially imported by EPE
BeBOP I Bebop To The Boolean Boogle

BOOIEN

By Clive (call me Max) Maxfield
ORDER CODE BEB1

£24.95

An Unconventional Guide to Electronics Fundamentals,
Components and Processes

The Foreword by Pete Waddell,
Editor, Printed Circuit Design, reads:

o My first exposure to the unique writing style of Clive (cail me Max) Maxfield was a

Clive Maxfield S8 magazine article that he co-wrote with an associate. The article was technically

brilliant (he paid me to say that) and very informative, but it was the short biography

\ at the end of the piece that | enjoyed the most. | say enjoyed the most because, as

, you will soon learn, Max does not necessarily foliow the herd or dance to the same

}, ; : drummer as the masses. Trade journals have a reputation for being informative and

N T, educational but also as dry as West Texas real estate.

f=of 'f Anyway, Max's personally submitted biography not only included a message from

his mom, but also made mention of the fact that he (Max) is taller than his co-author,

who just happened to be his boss at the time. Now to some people this may seem irrelevant, but to our readers (and Max's bosla. these

kind of things — trivial as they may seem to the uninitiated — are what helps us to maintain our off-grid sense of the world. Max has
become, for better or worse, a part of that altemate life experience.

So now it's a cougle of years later, and Max has asked me to write a few words by way of introduction. Personally, | think that the title
of this tome alone (hmmm, a movie?) should provide some input as to what you can expect. But, for those who require a bit more: be
forewamed, dear reader, you will &robably leam far more than you could hope to expect from Bebop to the Boolean Boogie, just
because of the unique approach Max has to technical material. The author will guide you from the basics through a minefield of
potentiaIlK boring theoretical mish-mash, to a Nirvana of understanding. You will not suffer that fate familiar to every reader: re-reading
paragraphs over and over wondering what in the world the author was trying to say. For a limey, Max shoots amazingly well and from
the hip, but in a way that will keep you interested and amused. If you are not vigilant, you may not only leam something, but you may

even enjoy the process. The only further advice | can give is to “expect the unexpected.”

Bebop Bytes Back

By Clive “Max” Maxfield and Alvin Brown An Unconventional Guide
Computers

ORDER CODE BEB2

£29.95

An Unconventional Guide To Computers
Plus FREE CD-ROM which includes: Fully Functional
Internet-Ready Virtual Computer with Interactive Labs

The Foreword by Lee Felsenstein reads:

This book is not for everyone.

It's for people who want to make a dinosaur dance . .. to exactly the tune that suits
them at the moment. Who want to take the most complex, precision-built machines
available and make them do something bizarre, inexplicable, or totall unexpected.

It's for people who keep looking for what's undemeath the surface, who never stop
wondering "how does this work?" And when they find what's undemeath, they want to
know how that works.

It's for young people, or more exactly, people who haven't grown old. People who don't
believe that they've already done everything remarkable they're ever going to do. It's for
people with a future.

It you're the right person for this book, you need to know a few facts:

1. The more time you spend with this book and its accomﬁanying CD-ROM, the more you'll get out of it. Skimming through it won't
take you where you want to go. Paying serious attention, on the other hand, will teach you more about computers than you can imagine.
(You might also see a few beautiful sunrises.)

2. The labs work on two levels: on and under the surface. When you're performing the labs you'll need to look for patterns that build
up from individual events. X

3. When you're done, you won't look any different. 'You won't get a tro hy or a certificate to hang on your wall. You'll have some
knowledge, and some skill, and you'll be ready to find more knowledge an develop more skill. Much of this will be recognisable only to
someone who has the same knowledge and skill.

This book will admit you to the company of people who have deep knowlege of computer technology. It is only a beginning (there is
no end), and there are many possible directions for you to go.

And this book makes it fun. Written by a couple of wise-cracking English computer engineers with overactive imaginations, it is rich in
jokes, trivial information, and overblown vocabulary (with a lexicon). Maxfield and Brown have masterfully made the task of learning
computer technology engaging.

Good luck, enjoy your voyage of discovery, and | expect to see some of you in the near future.

By importing these books ourselves we have managed to make them available in
the UK at an exceptional price.

Fully Functional Internet-+
Virtual Computer with
Interoctive Labs

886 Everyday Practical Electronics, December 1997



Testing, Theory,

Data and Refference

ELECTRONICS MADE SIMPLE

lan Sinclair

Assuming no prior knowledge, Electronics Made Simple
presents an outline of modern electronics with an em-
phasis on undemandmg how svstems work rather than
on details of circuit d and lations. It is ideal
for students on a range y of courses in electronics, includ-
ing GCSE, C&G and GNVQ, and for students of other
subjects who will be using electronic instruments and
methods.

Contents: waves and Ises, passive components,
active components and , linear circuits, block and
circuit diagrams, how radio works, disc and tape record-
ing, elements of TV and radar, digital signals, gating and
l ic circuits, counting and cor g. microp L B

ulators and computers, miscellaneous systems.
Paga 199 (/arge format) m £12.99

TRANSISTOR DATA TABLES
Hans-Giinther Steidle

The tables in this book contain information about the

ckage shape, pin connections and basic electrical dats
for each of the many thousands of transistors listed. The
data includes maximum reverse voltage, forward current
and power dissipation, current m and forward transad-
mittance and resi cut-0 y and details of
applications.

A book of this size is of necessity restricted in its scope,
and the individual transistor types cannot therefore be
described in the sort of detail that maybe found in some
larger and considerably more expensive data books. How-
ever, the list of manufacturers’ addresses will make it
easier for the prospective user to obtain further informa-
tion, if necessary.

Lms over 8, 000 different tranlmon, mcludmg fe.ts.

200 pages
ELECTRONIC TEST EQUIPMENT HANDBOOK
Steve Money

The principles of operation of the various types of test
instrument are explained in simple terms with a minimum
of mathematical analysis. The book covers analogue and
digital meters, bridges, oscilloscopes, signal generators,
counters, timers and frequency measurement. The practi-
cal uses of the instruments are also examined.

Everything from Oscillators, through R, C & L measure-
ments (and much more) to Wavetorm Generators and

testing Zeners.
206 pages

GETTING THE MOST FROM YOUR MULTIMETER
R. A. Penfold
This book is primaril

aimed at beginners and those of
{imited experience electronics. hapter 1 covers the
basics of and digital multi g the
relative merits and the hmnatuonl of the two types In
Chapter 2 vanoul th of c g are
described, incl tests for ors, thyristors, rws-
tors, capacitors ana diodes. Circuit testing is covered in
Chapter 3, with subjects such as voltage, current and con-
tinuity checks being discussed.

In the main little or no previous knowledge or ex-
perience is assumed. Using these simple component and
circuit testing techniques the reader should be able to
confidently tackie servicing of most electronic projects.

96 pages €295
MORE ADVANCED USES

OF THE MULTIMETER

R. A. Penfold

This book is primarily

intended as a follow-up to
BP239, (see below), and
should aiso be of value
to anyone who already
understands the basics
of voltage testing and
simple component testing.
By using the techniques
described in Chapter 1
you can test and analyse
the performance of a
range of components with
just a multimeter (plus a
very few inexpensive com-
ponents in some cases).
Some useful quick check
methods are also covered.

While a multimeter is supremely versatile, it does have
its limitations. The simple add-ons described in Chapter 2
extended the capabilities of 8 multimeter to make it even

more useful.

84 pages €295
NEWNES ELECTRONICS TOOLKIT- SECOND EDITION
Geoff Phillips

The author has used his 30 years experience in industry to
draw together the basic information that is constantly
demanded. Facts, formulae, data and charts are presented
to help the ev:};mecr when designing, developing, evaluat-
ing, fault finding and repairing electronic circuits. The
result is this handy workmate volume: a memory aid,
tutor and reference source which is recommended to all
electronics engi 8, stud and

Have you ever wished for a concise and comprehen-
sive guide to electronics concepts and rules of thumb?
Have you ever been unable to source a component, or
choose betwaen two alternatives for a particular applica-
tion? How much time do you spend searching for basic
facts or manufacturer's specifications? This book is the
answaer, it covers resistors, capacitors, inductors, semicon-
ductors, logic circuits, EMC, audio, electronics and music,
telephones, electronics in lighting, thermal considerations,
connections, reference data.
158 pages £12.99

A REFERENCE GUIDE TO PRACTICAL
ELECTRONICS TERMS

F A WihonCGlA C.Eng., FLE.E., Fl. Mgt.

Electronic devices surround us on all sides and their num-
bers are increasing without mercy. Ours is the problem

A

therefore in keeping up with this relent ion. Un-
fortunately we cannot know it all and most of us do not wish
to afford the cost of large reference books which explain
many concepts in fair detail. Here is an answer, an inexpen-
sive roference guide which explains bneﬂv (but we hope
well) many of the underlying el Nics of pi

devices, most of which, to a certain extent, control our lives.

This book is in effect more than just a dictionary of
practical electronics terms, it goes a stage further in also
getting down to fundamentals. Accordingly the number of
terms may be limited but the explanations of the many
which are included are designed to leave the reader more
competent and satisfied — and this is without the use of
complicated mathematics.

For those who also wish to get right down to the root of
the matter, there is a second volume entitled A Reference
Guide to Basic Electronics Terms (BP286), each of the
books refemng toits compamgn as necessary.

guide for pr y everybody concerned
with electronics.
432 pages £5.95

INTERNATIONAL TRANSISTOR EQUIVALENTS
GUIDE

A. Michaels

Helps the reader to find possible substitutes for a popular
selection of European. American and Japanese transis-
tors. Also shows material type, polarity, manufacturer and

Order code BPBS

BASIC ELECTRONICS TERMS
472 pages

use.
320 pages £3.95

Temporarily out of print

PRACTICAL ELECTRONIC FAULT FINDING AND
TROUBLESHOOTING

Robin Pain

This is not a book of theory. It is a book of practical
tips, hints, and rules of thumb, all of which will equip the
reader to tackle any job. You may be an engineer or tech-
nician in search of informsation and guidance, a college

a hobbyist building a project from a magazine, or
simply 8 keen self-taught amateur who is interested in
electronic fault finding but finds books on the subject too
mathematical or specialized.

The book covers: Basics - Voltage, current and resis-
tance; Capacitance, inductance and impedance; Diodes
and transistors; Op-amps and negative feedback; Fauit
finding - Analogue fault finding, Digital fault finding;
Memory; Binary and hexadecimal; Addressing; Discrete
logic; Microprocessor action; /O control; C! T control;
Dynamic RAM; Fault finding digital systems; Dual trace
oscilloscope; i€ replacement.

274 pages

AN INTRODUCTION TO LIGHT IN ELECTRONICS
F. A. Wilson
This book is not for the expert but neither is it for the
completely uninitiated. It is assumed the reader has some
basic knowledge of electronics. After dealing with sub-
ﬁcls like Fundamamentals, Waves and Particles and The
ature of Light such thungs as Emitters, Detectors and
Displays are discussed. Chapter 7 details four different
types of Lasers before concluding with a chapter on Fibre

Optics.
Order code BP359 £4.95

161 pages

UNDERSTANDING DIGITAL TECHNOLOGY

F. A. Wilson C.G.l.A,, C.Eng., FI.E.E., Fl. Mgt

This book examines what digital technology has to offer
and then considers its arithmetic and how it can be ar-
ranged for making decisions in so many processes. It then
looks at the part digital has to play in the ever expanding
Information Technology, especially in modern transmis-
sion systems and television. It avoids getting deeply in-
volved in mathematics.

Various chapters cover: Digital Arithmetic, Electronic
Logic, Conversions between Analogue and Dngntol Struc-
tures, Transmission Systems. S
some of the concepts more fully and a glosury of terms

is included.
Order code BP376 £4.95

£18.99

83 pages

NI\

il A\
i

Profect Build \ﬂm

ELECTRONIC PROJECT BUILDING FOR BEGINNERS

R. A. Penfold

This book is for complete beginners to electronic project
building. it prov:dec a complete mtroductlon to the practi-
cal side of this f hobby,

Compcnonl |dent|f|canon, and buying “the right parts;
resistor colour codes, or value mark etc;
advice on buying the nght tools for the job; scﬂdenng,
making easy work of the hard wiring; construction
methods, including stripboard, custom printed circuit
boards, plain matrix boards, surface mount boards and
wure-wrappmg, hmshmg off, and adding panel labels;
getting “problem” projects to work, including simple
methods of fault-finding.

In fact everything you need to know in order to get
started in this absorbing and creative hobby. -

£4.

135 pages Order code BP392

45 SIMPLE ELECTRONIC TERMINAL BLOCK

PROJECTS

R. Bebbington

Contains 45 easy-to-build electronic projects that can be
constructed, by an absolute inner, on terminal blocks
using only a screwdriver and other simple hand tools. No
soldering is needed.

Most of the projects can be simplv screwed together,
by following the layout dua rams, in a matter of minutes
and readily unscrewed if desired to make new circuits.
A theoretical circuit diagram is algo included with each
project to help broaden the constructor's knowledge

he projects included in thu book cover a wide range
of interests under the chap ong and
Components, Sound and Music, Emenammem Security
Devices, Communication, Test and Measuring.

163 pages £495
30 SIMPLE IC TERMINAL BLOCK PROJECTS

R. Bebbington

Follow on from BP378 using ICs.

117 pages £4.99

HOW TO DESIGN AND MAKE YOUROWN P.C.B.S

R. A. Penfold

Deals with the simple methods of copying printed cir-

cuit board desugns from magazines and books and covers

all aspects of slmple p.c. b. construction including photo-
and desig .,yourownpcbs

80 pages £250

I Full name:

BOOK ORDERING DETAILS

Our postage price is the same no matter how many books you order, just add £1.50 to your
total order for postage and packing (overseas readers add £3 for countries in the EEC, or add
£6 for all countries outside the EEC, surface mail postage) and send a PO, cheque, international
money order (£ sterling only) made payable to Direct Book Service or credit card details, Visa
or Mastercard - minimum credit card order is £5 - to: DIRECT BOOK SERVICE, 33 GRAVEL
HILL, MERLEY, WIMBORNE, DORSET BH21 1RW (mail order only).
Books are normally sent within seven days of receipt of order. 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.
DIRECT BOOK SERVICE IS A DIVISION OF WIMBORNE PUBLISHING LTD. Tel 01202 881749
Fax 01202 841692. Due to the cost we cannot reply to overseas orders or queries by Fax.
E-mail: oditoml@epomag wimborne.co.uk

I BOOK ORDER FORM

| Address:

| Post code: .................

| Signature:

......... Telephone No:

{{_] 1enclose cheque/PO payable to WIMBORNE PUBLISHING LTD for £

ID Please charge my Visa/Mastercard £ ............coooeviiiiiininiininns Card expiry date .............ccovvereninirinnininns

: Card Number

: Please send book order codes:

|

L _ — — _ _ _ _ _ _Piease continue on _parate sheet of paperifnecessary __ _ _ _ _ _ _ 3aj
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We now supply all the books published by Bernard Banani (Publishing)
Ltd. We have always supplied a selected list of Babani books and you will
find many of them described on the previous pages or the next two issues
of Everyday Practical Electronics (all books with a BP prefix to the order
code are Babani books). Many readers have asked us to also supply various
other Babani books, which have a reputation for value for money.

Our customers tell us they appreciate our speedy service and low
postage charge and they would like to be able to purchase all the books
from us and thus keep the postage charge to an absolute minimum (1.50p
for UK p&p no matter how many books you buy). We are pleased to be
able to respond; we are now able to meet all your requirements for
Babani books.

Code Title Price Code Title Price Code Title Price
BP37 50 Projects using Relays, SCRs and TRIACs £2.95 BP293  An Introduction to Radio Wave Propagation £3.95 BP351 WordPerfect 6 Explained £5.95
BP44  IC 556 Projects £3.99 BP298 :C:ncise Introduction to the Mac System & 295 BP352 Excel 5 Explaned £5.95
. inder 1 .
AU GG T s 25 BP301  Antennas for VHE and UHF £4.95 :::ssi xm::e;' ec;ve'?,h' vz'"dl:me: e ::':
L S D) £1.75  gp3os Learning CAD with AutoSketch for Windows ~ €5.95 ras Tor mindows e )
BP115  The Pre<c er Book £1.95 i : BP357 A Concise Introduction to Pressworks £5.95
f BP306 A Concise introduction to Am Pro 3 £5.95 BP360 A Practical Introduction 1o Sage Sterling + 2
BP125 25 Simple Amateur Band Aerials £1.95 BP311  An introduction to S s and S 9 £4.99 for Windows ¢ ¢ £4.95
BP132 25 Simple SW Broadcast Band Aerials £1.95 BP312  An Introduction 1o Microwaves £3.95 BP361  Sage Sterling + 2 for Windows Explained £5.95
BP144  Further Practical Electronics Calculstions BP313 A Concise Introduction to Sage £3.95 BP362 Access One Step at a Time £4.95
& Formulae ] ) BP315  An miroduction to the E) gnetic Wave  £4.95 BP363 Practical Electronic Music Projects £4.95
BP145 25 Simple Tropical and MW Band Aerials £1.75 BP317  Practical Electronic Timing £4.95 BP364 A Concise Introduction to Designworks 2 £5.95
8P147  An Introduction to 6502 Machine Code £2.95 BP320 Electronic Projects for Your PC £3.99 BP367 Electronic Projects for the Garden £4.95
BP171  Easy Add-on Projects for Amstrad CPC 464, BP324 The Art of Soldering £3.95 BP370 The Superhet Radio Handbook £4.95
664, 6128 and MSX Computers £2.95 BP325 A Concise Users Guide to Windows 3.1 £4.95 BP372 CA-SuperCak for Windows Explained £5.95
BP182  MIDI Projects £2.95 BP326  An Introduction to Satellite C i £5.95 BP373  An Introduction to Networks for PC and
BP192 More Advanced Power Supply Projects £2.95 BP327 DOS One Step at a Time {(covers Version 6.2) PO.A. Mac Users £5.95
BP245 Digital Audio Projects £2.95 BP328 Sage Explained £5.95 BP375 The Novice Radio Amateurs Examination
BP246  Musical Applications of the Atari ST's £5.95 BP329  Electronic Music Learning Projects £4.95 Handbook £4.95
BP249 More Advanced Test Equi c £3.50 BP300 A Concise User's Guide to Lotus 12:3 ::g 'E‘f’“:cc’d P’:l"_‘s For The Electric Guitar ::-2
BP250 Programming in FORTRAN 77 £4.95 S e e e S :
. BP331 A Beginners Guide to MIDI £4.95 BP387 Windwos One Step at a Time £4.95
:;:; fomp-uler H:bb e Hagd ook 25"5 BP334 Magic Electronics Projects £4.95 BP388 Why Not Personalise Your PC £4.95
earning to Program in —— BP336 A Concise Users Guide 1o Lotus 1-2-3 BP389  Power Point for Windows Explamed £5.95
BP259 A Concise Introduction to UNIX £2.95 Release 3.4 £5.95 BP393 Practical Oscillator Circuts £4.99
BP261 A Concise Introduction to Lotus 1-2-3 BP337 A Concise Users Guide to Lotus 1-2-3 BP396 Electronics Hobbyists Data Book £5.95
(Revised Edition) £3.95 for Windows £5.95 BP398 Sage Instant Accounting Explained £5.95
BP262 A Concise Introduction to Wordperfect BP341 MS-DOS 6 Explained (covers V6.2) £€5.95 BP399 Windows ‘95 One Step at a Time £4.95
(Revised Edition) £3.95 BP343 A Concise Introduction to Microsoft BP400 Windows 95 Explained £5.95
BP264 A Concise Advanced User's Guide to Works for Windows €5.95 BP401 Transistor Data Tables £5.95
MS-DOS 0.0.p. BP345 Getting Started n Practical Electronics £4.95 BP402 MS - Office One Step at a Time £5.95
BP273 Practical Electronic Sensors £4.95 BP346 Programming in Visiual BASIC for Windows £5.95 BP403 The Internet and World Wide Web Explained £5.95
BP274 A Concise Introduction to SuperCalS £3.95 BP349 Practical Opto-Electronic Projects £4.95 BP40S MS Works for Windows 95 explained £5.95
BP276 Short Wave Superhat Receiver Construction 0.0P BP350 Electronic Board Games £4.95 BP409  MS Office 95 one step at a ime £6.99
B8P281 An Introduction to UHF/VHF for Radio Amateurs  £4.99
BP284  Programming in QuickBASIC £4.95 IF NO PRICE IS SHOWN THE BOOK IS OUT OF PRINT (O.O.F)
8P292 Public Address Loudspesker Sy £3.95 SEE PREVIOUS PAGE FOR FULL ORDERING DETAILS
PROJECT TITLE Order Code Cost
The Ultimate Screen Saver 927 £5.66
Foot-Operated Oriii Coniroiier 928 £5.73
Model Railway Signals 929 £5.96
12V 35W PA Amplifier 930 £12.25
Multi-Purpose Thermostat 1 6.
Printed circuit boards for certain EPE constructional projects are available from the Mﬂ&i.p,&l PCBe o8 RILLEE ggz 5338
PCB Service, see list. These are fabricated in glass fibre, and are fully drilled Sound-Activated Switch
gongrdro'ller ginnef. l}ll i(;)eric(:'seincludeF‘VA':’ﬂam:! pof‘taglg ggd packing. Aggatée%r Audio Amplifier
or airmail outside of Europe. Remittances shoul sent to - ) . ;
ice, Everyday Practical Electronics, Allen House, East Borough, Wimborne, Light Beam Communicator (2 boards required)
Dorset BH21 1PF. Tel: 01202 881749; Fax 01202 841692 (NOTE, we cannot Multi-Project PCB 932 £3.00
reply to orders or queries by Fax); E-mail: editorial@epemag.wimbome.co.uk . Light-Activated Switch
Cheques should be crossed and made payable to Everyday Practical Electronics Switch On/Off Timer
(Payment in £ sterling only). Continuity Tester
NOTE: While 95% of our boards are held in stock and are dispatched within Auto Battery Charger 934 £5.36
seven days of receipt of order, please allow a maximum of 28 days for +National Lottery Predictor 935 £5.34
delivery - overseas readers allow extra if ordered by surface mail. MID! Pedal 938 c7.78
Back numbers or photostats of articles are available if required — see the Club Vote Totaliser 939 £6.05
Back Issues page for details. PIC-DATS Development System (double-sided p.Lh.) 940 £9.90
Please check price and availability in the latest issue. EPE HiFi Vaive Ampiifier —
Boards can only be supplied on a payment with order basis. Phase splitter 941 £6.71
PIC-DATS 4 -channel Light Chaser 942 £7.90
H HV Capacitor Reformer 943 £5.60
Special of PCBs. | | ramoGeoneraor ™™
We have a few p.c.b.s left from past projects these are being offered at the Log(n)(;r?ﬂzgr()double sided p.th.) & Analogue 944/5 £32.00
knock down price of £2.00 each — no matter what size they are (some of Automatic Curtain Winder 946 26.75
these boards are worth over £15.00 each) while stocks last. This price Windicator 047 24‘10
includes VAT and UK post — overseas orders please add 50p postage (or - m— -
£1 per board for airmail postage). Microcontrolled 3-Oigit Timer [ AUG'95 | 933 £6.61
Bike Odometer (pair of boards), 836/7, Amstrad IR Remote Control - Transmitter 948 £5.76
PCW A to D Converter (double-sided), 838; 1W Stereo Receiver 949 £6.14
Amplifier, 851 Visual Doorbell, 863; CCOD TV Camera — Personal Practice Amplifier 950 £6.09
Control_Board, 865; CCD TV Camera - Combined Low-Range Ohmmeter Adaptor SEPT 95 926 £5.55
Video, Test & Ext Plug Boards, 866a/e; EPE SounDAC Simple Theremin P ESEJEER | 02 <6.68
PC Sgund TBoard. 868, Mic‘;oeprocessorcsmanswitch, vandata
881; Print Timer, 874; Simple NiCad Charger, 884, ni 10.
Stereo HiFi Coniroler ~ Power Supply. 886 -~ Main Bavies o et o
Board, 887 — Expansion/Display rds, (pair) 888; Dancing Fountains — - -
Filter, 891 — PC-Compatible Interface (double-sided), 892; Seismograph Sound Switch 915 £6.55
— Sensor/Fiter, 896 — PC-Compatibie Interface (double-sided), 898 — Muttiple Project PCB 932 £3.00
Clock/Mixer, 897; VisualAudio Guitar Tuner, 900; Audio Auxiplexer — Control Audio Sinewave Generator
Board, 903 — Receiver, 904;- Power Controller, 905; 1000V/500V Insulation Treble Booster ,
Tester, 906; Active Guitar Tone Control, 907; TV Ofi-er (pair), 908/909; Video Infra-Red Controller/Alarm (2 boards required)
Modules — 1 Simple Fader, 910 ~ Improved Fader, 911 — Video Enhancer, Capacitor Check 955 £5.76
912; Rodent Repeller, 913; Video Modules — 2 Horizontal Wiper, 916 — Ginormous VU Meter 956 £9.31
Vertical Wiper, 917 — 4-Channel Audio Mixer, 918; Spacewriter Wand, 921; Muttiple Project PCB 932 £3.00
Universal Digital Code Lock, 922; Video Modules — 3 Dynamic Noise Limiter, Video Enhancer — Current Tracer —
919 — System Mains Power Supply, 920; Magnetic Field Detector, 923. Distortion Effects Unit
Any of the above for just £2 each inc. VAT and p&p. Digital Delay Line 958 £8.04
Back numbers or photostats of articles are available see the 50Hz Field Meter 959 £8.32
Back Issues page for details. Temgrature Warning Alarm (Teach-In '96) 960 £6.15
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PROJECT TITLE Order Code Cost
Stereo “Cordless " Headphones

Transmitter 961 £8.04

Receiver 962 £7.66
»EPE Met Office — Sensor/Raintall/Vane 963'965 £11.33

Spiral transparency free with above p.c.b.

Light-Operated Switch 966 £6.37
Modular Alarm System (Teach-In '96) 967a/b £7.12
Audio Meter and Amplifier 968 £5.99
#EPE Met Office -

Computer Interface (double-sided) 964 £7.69
Audio Signal Generator 969 £6.58
Mains Signalling Unit, Transmitter and Receiver 970/971 (pr) £9.09
Automatic Camera Panning (Teach-In '96) 972 £6.63
Printer Sharer 973 £9.93
Analogue Frequency Meter 957 £6.70
Vari-Speed Dice (Teach-In '96) 974 £5.69
Mains Signalling Unit — 2 12V Capacitive PSU 975 £6.07
»PIC-Electric Meter — Sensor/PSU- Control/Display 977/978 (pr) £9.90
Multi-Purpose Mini Amplifier 976 £6.12
# PIC-Electric — Sensor/PSU - Control/Display 977/978 (pr) £9.90
High Current Stabilised Power Supply 979
Mind Machine Mk IIl - Sound and Lights 980
Infra-Zapper Transmitter/Receiver
(Teach-In '96) 981/982 (pr) £8.01
Mind Machine Mk il — Programmer 983 £7.36
Bat Band Converter/B.F.O. 984a/b £5.80
Hearing Tester 985 £6.87
Event Counter (Teach-In '96) 986 £8.39
B.F.O. and Bat Band Converter 984ab £5.8(
Versatile PIR Detector Alarm 988 £6.7€
Mind machine Mk Hil — Tape Controlter 989 £6.70
Midi Analyser 992 £6.74
Countdown Timer (Teach-In "96) 993 £9
Sarah's Light 996 £7.17
Home Telephone Link 997 (pr) £10.72
#*PulStar 998 £6.60
VU Display and Alarm 999 £7.02
Ultra-Fast Frequency Generator

and Counter - Oscillator/L.C.D. Driver 994/995 (pr) £12.72
Timed NiCad Charger 100 £6.99
Single-Station Radio 4 Tuner 101 £7.02
Twin-Beam Infra-Red Alarm —-Transmitter/Receiver 102/103 (pr) £10.50
+Games Compendium 104 £6.09
Mono “Cordless” Headphones | AUG'96 |

— Transmitter/Receiver 990/991 (pr) £10.16
Component Analyser (double-sided p.t.h.) 105 £12.18
Garden Mole-Ester 106 £6.07
Mobile Miser 107 £6.36
Bike Speedo 108 £6.61
+*PIC-Tock Pendulum Clock 109 £6.31
Power Check 110 £6.42
Analogue Delay/Flanger 11 £7.95
Draught Detector 12 £6.22
Simple Exposure Timer 113 £6.63
Video Fade-to-White 114 £6.98
Direct Conversion 80m Receiver 116 £7.52
Vehicle Alert 17 £6.55
10MHz Function Generator- Main Board 118 £7.33

-PSU 119 £5.39
Tuneable Scratch Filter 115 £7.83
+Central Heating Controller 120 £7.85
D.C. to D.C. Converters — Negative Supply Generator 122 £5.96
- Step-Down Regulator 123 £6.01
- Step-Up Regulator 124 £6.12

EPE Elysian Theremin

(double-sided p.t.h.) 121 £22.00
#PIC Digital/Analogue Tachometer 127 £7.23
Stereo Cassette Recorder

Playback PSU 128 £7.94

Record/Erase 129 £9.04
# Earth Resistivity Meter

Current Gen. - Amp/Rect. 131132 (pr) £12.70
Theremin MIDI/CV Interface (double-sided p.t.h.) 130 (set) £40.00
Mains Failure Warning 126 £6.77
Pacific Waves 136 £9.00
PsiCom Experimental Controller 137 £6.78
Oil Check Reminder 125 £7.16
Video Negative Viewer 135 £6.75
Tri-Colour NiCad Checker 138 £6.45
Dual-Output TENS Unit (plus Free TENS info.) 139 £7v20d
# PIC-Agoras — Wheelie Meter 141 £6.90
418MHz Remote Control — Transmitter 142 £5.36

- Receiver 143 £6.04

Puppy Puddie Probe 145 £6.10
MIDI Matrix — PSU 147 £5.42
- Interface 148 £5.91
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PROJECT TITLE Order Code Cost
Quasi-Bell Door Alert 133 £6.59
2M F M Recewer 144 £7 69
* PIC-A-Tuner 149 £7.83
Window Closer — Trigger 150 £4.91
- Closer 151 £4.47
Child Minder Protection Zone
Transmitter 153 £6.58
- Recewver 154 £6.42
Pyrotechnic Controlier 155 £6.93
*PIC Digilogue Clock 156 £7.39
Narrow Range Thermometer 158 £6.37
Micropower PIR Detector - 1 152 £6.69
Infra-Red Remote Control Repeater
{Multi-project P.C.B.} 932 £3.00
Karaoke Echo Unit - Echo Board 159 £6.40
Mixer Board 160 £6.75
Computer Dual User Intertace 161 £6.70
»PEsT Scarer 162 £6.60
Vanable Bench Power Supply 932 £3.00
Universal Input Amplifier 146 £6.55
Micropower PIR Detector — 2 Controller 163 £6.72
*PIC-OLO 164 £7.02
Active Recewving Antenna 140
Soldenng tron Controlier 157
* PIC Noughts & Crosses Game 165
Micropower PIR Detector — 3
Aiarm Disarm Reset Switch 166
Ironing Safety Device ) 167
Remote Control Finder | OCT'97 | 168 £6.32
Rechargeable Handlamp 169 £6.23
» PIC Water Descaler 170 ~ £6.90
» EPE Time Machine 171 £8.34
Auto-Dim Bedlight 172 £6.63
Portable 12V PSU Charger 173 £6.61
Car Immobiliser 175 £7.00
Safe and Sound (Security Bleeper) 179 £7.32
EPE SOFTWARE
Software programs for the EPE projects marked above with an asterisk
(») are available altogether on a single 3 5 inch PC-compatible disk. or
as needed via our Internet site. The same disk also contains the
following additional software: Simple PIC16C84 Programmer (Feb '96).
The disk {order as “PIC-disk ) 1s available from the EPE PCB
Service at £2.75 (UK) to cover our admin costs (the software it
selt is free). Overseas £3.35 surface mail, £4.35 airmall. Alterna-
tively. the files can be downloaded free from our Internet FTP site:
ftp://ftp.epemag.wimborne.co.uk.

e e T

EPE PRINTED CIRCUIT

' BOARD SERVICE

Order Code Project Quantity Price
T TR TR
: NAME. oo
U AQAIeSS. ...
TR
1
e
1
1 | enclose payment of £. (cheque PO in € sterling only) to
1
| — Everyday
| visA Practical Electronics oG
| BN Access (MasterCard) or Visa No.
I Minimum order for credit cards £5
1
1
1
I _
j Signature...... .Card Exp. Date
1 Please supply name and address of cargholder it different from the address shown
! NOTE: You can order p.c.b.s via our Internet site on a secure server:
:- http://www.epemag.wimborne.co.uk
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SURFING THE INTERNET ——

NET WORK

ALAN WINSTANLEY —

co.uk) and FTP site (ftp:/ftp.epemag.wimborne.co.uk) ex-

the availability of “‘real time’" information and services we
offer our readers via Internet access, and as promised several
months ago, we are delighted to say that the Secure Server is now
on-line. This is seen as a very important addition to our Internet
presence.

It is now possible to order a subscription (or renew an existing
one), order printed circuit boards for our constructional projects,
and also check the availability of Back Issues and order any require-
ments, all by logging on to our Secure Server. Payment is made by
credit card (Mastercard or VISA) and you are asked to enter the
details on a simple on-line order form. After hitting the **Mail™
button you will then receive a brief acknowledgement confirming
that your request is safely on its way.

You can navigate to the Secure Server via the Home
Page, or you can jump directly there at the URL
https://secure.tcp.co.uk/epemag/backiss.htm (Back Issues and
PCB orders), or ./suborder.htm to renew or take out a subscription.
We hope that you will find this a valuable addition to the services
which are on offer: remember to use the https:// URL, and look for
the reassuring key symbol (Netscape) or the padlock (Explorer).

Beating the Junkmailer

A few topical points of interest this month, starting again with
my least favourite subject — unsolicited commercial E-mail (UCE).
My junk mail box stands at 277 items, of which perhaps the tackiest
of all (and from an English marketeer at that), is a recent Diana,
Princess of Wales T-shirt offer, with proceeds said to be going to
the Memorial Fund.

In the hours immediately following the death in Paris of the
Princess of Wales, a UK discussion group sprang up, but soon
an American spammer filled the fledgling discussion group
with grotesque image files, thereby bringing many subscribers’
newsfeeds to a crawl (not to mention the distress this would have
caused to many ordinary citizens) as they blithely posted scores of
JPG images.

The only way to prevent your newsfeed from being unduly
loaded with rubbish is really to fetch the *‘headers’” only to begin
with, mark any items of possible interest and then dial-in again to
download them. It is interesting to note that spammers avoid many
of the comp.infosystems and sci.electronics newsgroups (for ex-
ample) by a wide margin, perhaps because they know that they
would aggravate a number of qualified users who would be capable
of exacting a revenge?

One such defence (partially, anyway) against unsolicited com-
mercial E-mail is built into the latest version of Turnpike (V3.04)
for Windows, the British-designed Internet muail and off-line
newsreader software (www.turnpike.com). | have been running
V3.04 and although it’s a bit quirky, I must say that | am generally
very impressed with this latest in a long string of upgrades.

Demon Intemet Services claim to be the country’s largest ISP.
They use SMTP (Simple Mail Transfer Protocol) as its standard
mail delivery system, which is more flexible than a standard POP3
mailbox in some respects, less so in others. One problem Demon
customers have is that they may not necessarily have any control
over the receipt of mail: Demon delivers SMTP mail automatically.
whenever their customers connect, and they will unfailingly deliver
it, junk and all. '

However, a new '‘Reject Message' feature within Turnpike
V3.04 will generate a ‘‘Delivery Failed’” Delivery Notification
Status message, which will be sent back to the junkmailer, and
which then gives the appearance of the UCE mail having bounced
(even if it was actually delivered). It is reckoned that sending any
form of *‘Remove me from your mailing list °* message indicates to
E-mail marketeers that your address is still active (and therefore still
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QUR World Wide Web site (http://www.epemag.wimborne.
ten

a prime target): but the Reject Message means they will have no
idea whether the E-mail address is still active or not.

At worst, an incapable spammer might try to reject your Rejec-
tion! **This is unwise,”” says Tumpike’s Richard Clayton, **since
if they had 25 million addresses, they would probably try to send
out again another five million rejected Rejections, which they’ll
get back again to reject. Few people set up systems so incom-
petently, and (according to the RFC'’s, incorrectly). They certainly
don't do it twice!”” he mused. In the meantime, I've just received
another four UCE messages.

MSIE 4.0

Microsoft Internet Explorer Version 4 finally broke cover at the
end of September, after which the official Demon download site
serving out this mammoth upgrade in the UK had a temporary
dizzy spell. It is interesting to reflect that Demon decided early on
that they would issue the Windows 95 Version 4 on CD-ROM
and mailshot it to their dial-in customers, to **save them lots of
time downloading 1E4 from our servers'”, as Demon’s Managing
Director Cliff Stanford put it.

I do commend Demon Internet Services for producing the
upgrade disk together with a glossy magazine, but it is surely a
sign that there is still a long way to go in terms of bandwidth
before it becomes feasible to distribute large-scale software using
the medium of the Internet. Currently, unless you are on an
academic or commercial network, fetching MSIE 4.0 by FTP is
like trying to drain a reservoir with a hosepipe. (The upgrade files
total some 36MB on the Demon CD ROM.)

Contrast this with the marketing ethos of, say, Xara Ltd., who
market some brilliant little web graphics effects packages via
their web site (www.xara.com); Xara — a British software house
famed for its fast and powerful 32-bit graphics software — make a
deliberate point of distributiig handy web graphics utilities (Xara
Webster and Xara 3D) which are compact and easy to use, and
which don’t take months to learn to master (or download). The
Internet was probably made for Xara.

Definitely, anyone attempting a file transfer as ambitious as
Microsoft Internet Explorer 4.0 should use good FTP software
{e.g. WS_FTP Pro) which will enable them to *‘recover’” or carry
on from where it left off if the transfer hangs halfway through,
otherwise you are faced with fetching the whole lot again. In
practice, everyone will wait until MS/E 4.0 appears on the cover
disk of their favourite computer magazine. Or at least they ought
to. Why hurry?

Latest Links

Remember that Net Work is a good way of sharing favourite
electronics-related URLs with your fellow readers — let me know
your preferred sites! Note that the following URLs commence
with http:// unless otherwise stated, and are ready-made for you
on our web site.

Advanced readers or those in higher education might like to try
the demo version of Basic Stamp Il Windows 95 front end at
www.dontronics.com/bswfe.html (a site generally worth explor-
ing). Steve Nunn suggests gnv.fdt.net/~redscho/ containing in-
formation about the correct use of Ni-Cads, of interest to radio-
control hobbyists (also see the **NiCad'" files on our FTP site in
the pub/docs subdirec tory).

My Surgery co-writer lan Bell suggests a couple of
Java-enabled MOS transistor and CMOS gate simulators:
try www-elec.enst.fr/java/mos-beta/test.html and www-
elec.enst.fr/java/skip-beta/test.html. Don Lancaster is a
well-known American writer, you will find lots of electronics
design material on his site at www.tinaja.com. (Adobe Acrobat
reader required.)

My E-mail address is alan@epemag.demon.co.uk.
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RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY
Up to 38 voits d.c. at 6 amps continous. 10 amps peak.
fully vanable from 1 to 38 volts. Twin
Voltage and

in¢
Current meters g - . ﬂ £76 VAT
for easy read- & carriage £6
out. 240 voft a.c - =4 9

input. Fuly smoothed, size 142 x 11 x 4'z2 inches
volt 1 amp model £44, post £4

RADIO COMPONENT SPECIALISTS

mmmum 337 WHITEHORSE ROAD, CROYDON
mAm  SURREY, CRO 2HS. Tel: 0181684 1665

Lots of translormers, high volt caps, vaives, spesliers, in stock.

or send your wents fist for quote

LIGHT ENGINEERING
SERVICES (PRECISION)
Machining, sheet metalwork,
instrument/tooimaking etc — most engineering
processes in most matenals. One ofts, parts,
prototypes, panels, mods, jigs. repairs. anything
— 1o job too small — trade or private — for quick
friendly service contact Richard:

Tel/Fax: 01954 260804

BTEC ELECTRONICS
TECHNICIAN TRAINING
GNVQ ADVANCED ENGINEERING
(ELECTRONIC) — PART-TIME
HND ELECTRONICS - FULL-TIME
B.Eng FOUNDATION - FULL-TIME
Next course commences
Monday 2nd February 1998
FULL PROSPECTUS FROM

LONDON ELECTRONICS COLLEGE
(Dept EPE) 20 PENYWERN ROAD

EARLS COURT, LONDON SW5 9SU
TEL: 0171-373 8721

BRAND NEW SINCLAIR SPECTRUM
& OL PARTS

ZX MICRODRIVES £15, INTERFACE ONE £20,
CARTRIDGES 10 FOR £15, 50 FOR £50
QL BOARDS 5, 6 87, POPULATED WITH
JS ROMS, £30; UNPOPULATED, £12; MICRODRIVES
£10 EACH. TOP & BOTTOM CASES £15.
MEMBRANES £15.

THE P.C., MAC and QL's “Little Friend’’
m MAC LINK £10 - P.C. LINK £25 - QL LINK £12

CAMBRIDGE Z88 A4 NOTEBOOK
COMPUTER AVAILABLE AGAIN £99,
RECONDITIONED £60
ONLY 1° THICK, 4xAA BATTS. 20 HOURS WORK.
LCD SCREEN, 72 Crs, 6 LINES, 32K RAM, EXTRA
RAMS & EPROMS, 9 pin D SERIAL PORT, ROM HAS
BBC BASIC. W/PROCESSOR, SPREADSHEET, DATA
BASE, IMP/EXPORT TO PC etc, V52 TERMINAL
W.N. RICHARDSON & CO.
PHONE/FAX 01494 871319
6 RAVENSMEAD, CHALFONT ST PETER,
BUCKS, SL9 ONB.

POST £5. ACCESS _VISA ETC. SAE

THE BRITISH AMATEUR
ELECTRONICS CLUB

exists to help electronics
enthusiasts by personal contact and
through a quarterly Newsletter.
For membership details, write to the
Secretary:
Mr. J. F. Davies, 70 Ash Road, Cuddington,
Northwich, Cheshire CW8 2PB.
Space donated by Everyday Practical Electronics

DISCOUNT CCTV CAMERAS

BUY DIRECT FROM THE MANUFACTURER
- SAVE ££€s!!!

SHARP CHIP CCTV BOARD CAMERAS, WITH OR
WITHOUT AUDIO, FROM £39.99
PINHOLE SPY CAMERAS FROM £39.99
CAMERAS INSIDE “VANDAL PROOF" HEAVY STEEL
CASES FOR EXTERNAL/IINTERNAL USE. INCLUDING
50FT. CABLE, POWER SUPPLY, SCART KIT TO
SIMPLY PLUG INTO ANY TV OR VCR, FROM £69.99

AUTO-RECORDING SYSTEMS, WORKS WITH
DOMESTIC VCR, £45.00
SWITCHERS. DUMMY CAMERAS, ETC . ETC
OUR CAMERA CASES ARE NOT MADE FROM
PLASTIC AND DO NOT LOOK LIKE TOYS -
OURS ARE THE REAL THING' FROM ONLY €12

ORDER TODAY
STORM CPS e
01642 824938

BUGS, KITS and more . . .

© 88-108MHz FM transmitters under £5

# Other educational and hobby electronic
kits covering all technical abilities, from
beginners’ circuits to MCU/MPU designs

@ Low cost PCB services and equipment

& FREE price list available on request

DTE MICROSYSTEMS, 112 SHOBNALL ROAD,
BURTON -ON-TRENT, STAFFS DE14 2BB

PHONE or FAX: 01283 542229
http://www.btinternet.com/~dtemicrosystems

PCB CAMERA £39
BW MODULES - var

32mm 3'5 lens or pinhole
£39.00 ea. + VAT.

Add £10 for 422mm 3-5 lens with sound
(UK carr./pack./ins. £4.00 up to 10 pcs)
DISCOUNTS FOR QUANTITY
Everything stocked for security.
See web site
OPEN 6 DAYS A WEEK FOR CALLERS,
MAIL ORDER, E-MAIL

HENRY'S

404 Edgware Road, London W2 1ED
Tel: 0171 258 1831, Fax 0171 724 0322
E-mail sales@henrys.demon.co.uk
Internet www.henrys.co.uk

Miscellaneous

NEW INSTRUMENT CASES, front and back
panels recessed and removable, front panel
anodised aluminium; internal dimensions: w:
200mm, h: 100mm, d: 100mm, £9.50 plus £2.50
p&p. J. Barber, 3 Lupin Way, Calow, Chester-
field S44 SAR. Tel: 01246 274754,

SOUND AND LIGHTING EQUIPMENT
at the LOWEST prices: Amplifiers, PA,
radio microphones, mixers, speakers, smoke
machines, lighting effects, minidisc and back-
ground music systems. Phone or fax for our
FREE price list: (01260) 271573.

G.C.S.E. ELECTRONIC KITS, at pocket
money prices. S.A.E. for FREE -catalogue.
SIR-KIT Electronics, 52 Severn Road, Clacton,
COI15 3RB.

ANYONE REPAIRING TOYOTA/other
engine management controi units, car spares
marketing/distribution company seeks supplier.
Malcolm Jackson, Phone/Fax 0181 467 6671.
TREAT YOURSELF, £3.99 each, 10 watt
amplifier module and controls, power supply
12-40V variable + heatsink. Pre-ampﬁﬁer
and controls, TB+ V. K.I.A., 1 Regent Road,
Ilkley, LS29 9EA.

PROTOTYPE PRINTED CIRCUIT
BOARDS one offs and quantities, for details
send s.a.e. to B. M. Ansbro, 38 Poynings Drive,
Hove, Sussex BN3 8GR, or phone Brighton
883871, fax 01273 706670.

VALVE ENTHUSIASTS: Capacitors and
other parts in stock. For free advice/lists please
ring, Geoff Davies (Radio), Tel. 01788 574774.

PRINTED CIRCUIT BOARDS - QUICK
SERVICE. Prototype and Production. Artwork
raised from magazines or draft designs at low
cost. PCBs also designed from schematics.
Production assembly also undertaken. ¥For
details send to P. Agar, Unit 5, East Belfast
Enterprise Park, 308 Albertbridge Road, Belfast,
BT5 4GX, or phone/fax 01232 738897,
SMARTCARD PROGRAMMER KIT. Con-
nects to PC serial port, reads and writes to 1SO-
7816 smartcards and EEPROM COP cards, £25.
Ready-built units also available, £35. All prices
include UK p&p. Write to P. Clark, PO Box
197, Portsmouth, Hampshire, PO2 7YX, United
Kingdom, or e-mail: rs232@bigfoot,com

19 inch Rackmount_Cases at
Affordable Prices!

1U (150mm deep) ONLY £18.50 add £3.50 p&p in UK
2U (150mm deep) ONLY £23.50 add £3.50 p&p in UK
These are full inciusive pnces - no VAT 10 be added
UK Made. Zintec steel body/3mm Aluminium front. Flat

packed. Simple assembly
Give your project a professional finish

En%umes.
ABLE ELECTRONICS, THE DEPOT, SARN, PWLLHELI,
GWYNEDD LL53 8DY

Telephone: 01758 730372 VISA/MASTERCARD

REACH MORE READERS

ADVERTISE IN EPE

For full details contact our Advertisement Manager
Peter Mew on 01255 861161
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Cooke International

ANALYSERS, BRIDGES, CALIBRATORS, VOLTMETERS, GENERATORS,
OSCILLOSCOPES, POWER METERS, ETC. ALWAYS AVAILABLE

ORIGINAL SERVICE MANUALS FOR SALE
COPY SERVICE ALSO AVAILABLE
EXPORT, TRADE AND UK. ENQUIRIES WELCOME
SEND FOR LISTS OF EQUIPMENT & MANUALS

ALL PRICES EXCLUDE VAT AND CARRIAGE
DISCOUNT FOR BULK ORDERS SHIPPING ARRANGED

OPEN MONDAY TO FRIDAY 9AM-5PM

Unit Four, Fordingbridge Site, Main Road, Barnham, Bognor Regis,
West Sussex, PO22 OHD. UK.
Tel (+ 44) 01243 545111/2 Fax (+ 44) 01243 542457
EQUIPMENT & ACCESSORIES PURCHASED

SERVICE MANUALS
& Technical Books
Available for most equipment, any make, age or model.

Technical Book and Manual Compilations now on CD-ROM

""""""""" MXﬁiii'T"iibﬁ'"T"iéiiN‘i'éXi;"éﬁ"liVi'c"iS"('iii'i)w" S

8 Cherry Tree Road, Chinnor, Oxon, OX9 4QY.
Tel:-0]1844-351694. Fax:- 01844 352554.

Email - sales@mauritron.co.uk Web site at:- http://dialspace.dial pipex.com/mauritron.co.uk
Please forward your latest catalogue for which I enclose 2 x 1st Class Stamps.
or £4.11 for the complete Service Manuals Index on PC Disc plus catalogue.
NAME
ADDRESS

POSTCODE

Phosocopy this coupon if you do not wish (0 cut the maganne

88-108MHz FM
TRANSMITTERS

Professional PLL transmitter, Stereo Coder, and
Compressor/Limiter kits licensable in the UK.
Also very stable VFO transmitter kits.
Prices from under £10 and a ‘Ready Built’
service is available.

Contact us for a free brochure including prices
and more detailed information.

E—— 18 Victoria St., Queensbury,
—— BRADFORD, BD13 1AF';y

Tel 01274 816200 Email veronica@legend.co.uk
Waebsite: http://www.legend.co.uk/~veronica/

Veronlca
RITS

£ BASIC i PICs

Takes the hassle out of working with PICs!

With MEL PicBasic just write your  Mall order only from
code in Basic, %réd then instantly Pineapple
compile it to produce the hex or

binary files needed to program your Presentations
standard 18, 28 or 40 pin PIC chip. 30,5'901‘"’% RO’%P
English-like instructions make Nf,’.“ ngham NGS5 4
; iy i el. 0115 903 1851
programming a joy instead of a Fax 0115 903 2172
struggle — serial comms, ifithen,

pulse measurement, time delays, £ 69, 95

etfc., etc., each takes just one plus £2.50 p&p per order

command!

Comprehensive user manual. I w

More info on the web at http://www.melabs.com/mel/pbc.htm

@8 TECHNICAL INFORMATION SERVICES 3=
76 Church St, Larkhall, Lanarks, ML9 1HE
Tel: 01698 883334/884585  Fax: 01698 884825

PHONE NOW FOR YOUR FREE QUOTE
We have the World’s Largest Collection of

SERVICE MANUALS

Why not join Europe’s fastest growing
“Information Library Service”
Buy ANY Service Manual for £10.00 and return any

manual no longer needed for a £5.00 credit
CALLUWRITE NOW FOR FURTHER DETAILS

Initial joining fee of £65 : Thereafter £20 Yearly

Join Now: Get your first Manual FREE!

ELECTRONIC BARGAINS

250 mixed vaiue 0.25W mohllurbon Security Alarm System, consists wire
fiim resistors foop, pressure pad, piezo alarm

100 mixed ceramic piate/disc caps... t1 sounder, key switch in small plastic
Reguletors 7803 and 7812, 1A T0220 case, neds PP3 battery....... .£4.50
4 for £1 | 32+ 32mfd can electrolytics,
smmmmusovmumuoru 350V 2 for £7
30 Smm red l.edes............ £4 | 50+50mid can obm'yﬂcl
30 3mmred L.e.d.s....... £ 300V wkg .. 2 for £6
20 100 mfd 100V axiel caps..... s 4 | OO&MGOOOVups ...................... 5 for £2
10 470 mfid 50V radial caps. . £ | 2.gang  0-0005mfd Jacksons tuning

Moduler Dual p.s.u., mains input, two
12V d.c. outputs at 300mA or single

COPS. ... .£3.95
Vaive hoiders, Octal, B9A, B7G

12V output at 600mA to terminal block, .Any 5 for £2
3%in. x 3in. x 2in...... .£4.75 | Vintage om mn carbon nﬂm 50
S00mA Mains Adaptor, 3V, 4V, 5V, 6V, useful values... £2.95

Valves (ex. OovL) new and boxed -
[EF91 £3, GZ37 £5, BAJT/BACT £4

7-5V, 8V, 12V, d.c., unreguiated with
resetable fuse... .£3.99

(Dopl El CNEVET SUPPLIES LTD

Printed Circuits in Minutes

Direct from LaserPrint!

81/ x 11" 1. LaserfPrint®
*Or Photocopy 2. Press On**
**Use standard 3. Peel Off

household iron 4. €tch

Use Standard Copper Clad Board
PRESS N- PEEL 5 sheets £12.50

10 sheets £25
ETCHING SUPPLIES Plus VAT & Postage

18 STAPLETON ROAD - PETERBOROQUGH PE2 6TD

TEL: 01733 233043 FAX: 01733 231096
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Now you can get the skilis and gualifications you need for
career success with an ICS Home Study Course. Leam in
the comfort of your own home at the pace and times that
sut you. ICS 15 the world's largest. most expenenced
home study school. Over the past 100 years ICS have
heiped nearly 10 mililon people to improve their job | | Radio and Hi-Fi Servicing

prospects. Find out how we can help YOU. Postorphone | | Refngeration Heating & Air Conditioning
today for FREE INFORMATION on the course of your | | Motorcycle Maintenance

FREEPHONE 0500 581 557

Or write to: International Correspondence Schools, FREEPOST 882, 8 Elliot Place,
Cﬁwiskﬁrk Glaw G3 88R. Tel 0500 581 557 or TelFax: Ireland 01 285 2533
L] L &R _§ N N K _§N |
Please send me my Free Informatuon on your Electronics Courses.
Mr/Mrs/Ms/Miss
(BLOCK CAPITALS PLEASE}

)L
[ Address
[

CA&G Basic Mechanical Engineering
TV and Video Servicing

Date of Birth ] I

Postcode

I | Occupation Tel. No | I

J

From bme 10 e , we perfd other carelully scresned Organsabons 10 wre 10 you about Dept. EE0S"

products and senices I you would prefer ot 10 heas from such organisasons piease bck box () = Y
D NEE GED GED GED GED G0 GED GEN GED SN GED GED GED GEE e

895




COVERT VIDEO CAMERAS

Black and White Pin Hole Board Cameras
with Audio. Cameras in P.I.R., Radios,
Clocks, Briefcases etc. Transmitting
Cameras with Receivers (Wireless).
Cameras as above with colour.
Audio Surveillance Kits and Ready Built
Units, Bug Detector etc.

A.L. ELECTRONICS

Please phone 0181 203 0161 for free catalogue.
Fax 0181 201 5359

New DT1 approved Video Transmitters and Receivers (Wireless)

Millions of quality components
at lowest ever prices!

Plus anything from bankruptcy — theft recovery
— frustrated orders — over production etc.

NO VAT to add on.
Send 45p stamped self addressed label or
envelope for clearance lists.

Brian J Reed
6 Queensmead Avenue, East Ewell °

Epsom, Surrey KT17 3EQ
Tel: 0181-393 9055 Mail order UK only.
Lists are updated and only 40 are sent out every 2 weeks. This
normally ensures that orders can be fulfiled where only a few
thousand of an item is available. (Payment is returned if sold out. | do
not deal in credit notes). This will sometimes entail a delay of up to
eight weeks — but the prices will be worth the wait!

DREMEL X-ACTO ik ONLY CHOKE for the

Best Names in the Business!
MINICRAFT A

DREM
D- 3950 Mutti-Tool Set w/ 40 Accs. £84.75
D-1371 Precision Scroll Sa £139.95
D-751 Mini Mite Cordless Tool Kit £36.50
MINICRAFT v
MB1012 High Precision Drill £42.99 -
MB750 Univ Variable Speed Trans. £64.99 Dreme! 3950 Muti Tool
M8450 Bench Sander £44.99
ANTEX
GasCat Torch With 51 Fine Tip £21.99
GasCat Butane Torch Kit £34.99
X-ACTO
Dix Knife Set & Free A4 Cutting Mat  £41.95

KN 22 Oremei 1371 Scrok Sew

® FREE UK Postage! (orders over £10)
o Fully lllustrated Catalogue - £1.50
134 CROSSLET VALE, LONDON, SE10 8DL
TEL: 0181-694 9913 FAX: 0181-691 4399
e-mall: Ventura, Hobby@compuserve.com

ENTURA
H O B B\

SHERWOOD ELECTRONICS

FREE COMPONENTS
Buy 10 x £1 Special Packs and choose another one FREE

SP1 15 x 5mm Red Leds SP135 6 x Min. slide switches

SP2 12 x 5mm Green Leds SP136 3 x BFY50 transistors

SP3 12 x 5mm Yellow Leds SP137 4 x WOOS5 bridge rectifiers
SP11 30 x 1N4001 diodes SP138 20 x 2.2/50V radial elect. caps.
SP12 30 x 1N4002 diodes SP139 12 x 1000/10V rad. elect. caps.
SP18 20 x BC182transistors SP142 2 x Cmos 4017

SP20 20 x BC184 transistors SP144 3 x TIP31Atransistors
SP21 20 x BC212transistors SP145 6 x ZTX300 transistors
SP22 20 x BC214 transistors SP147 5 x Stripboard 9 strips/
SP23 20 x BC549 transistors 25 holes

SP24 4 x Cmos 4001 SP148 6 x 2mm lighthouse Leds-Red
SP25 4 x 555 timers SP151 4 x 8mm Red Leds

SP26 4 x 741 Op.amps SP152 4 x 8mm Green Leds

SpP27 4 x Cmos 4002 SP154 15 x BC548 transistors
SP28 4 x Cmos 4011 SP156 3 x Stripboard, 14 strips/
SP29 4 x Cmos 4013 27 holes

SP36 25 x 10/25V radial elect. caps. SP157 5 x BCY70 transistors
SP37 15 x 100/35V rackal elect. caps. SP160 10 x 2N3904 transistors
SP39 10 x 470/16V radial elect. caps. SP161 10 x 2N3906 transistors
SP41 20 x Mixed transistors SP164 2 x C1060 thyristors

SP42 200 x Mixed 0.25W C.F.resistors SP165 2 x LF351 Op.amps

SP47 5 x Min. pushbutton switches SP167 6 x BC107 transistors
SP102 20 x 8p0nD|Lsod&ets SP168 6 x BC108 transistors
SP103 15 x 14-pin DIL sockets SP170 2 x LM339

SP104 15 x 161)nn DIL sockets SP173 10 x 220/25V rad. elect. caps.
SP105 5 x 74LS00 SP175 20 x 1/63V radial elect. caps.
SP106 5 x 74LS02 SP176 4 x 20mm PCB fuse holders
SP112 4 x Cmos 4093 plus covers

SP115 3 x 10mm Red Leds SP182 20 x 4.7/50V rad. elect. caps.
SP116 3 x 10mm Green Leds SP183 20 x BC547 transistors
SP117 15 x BC556 transistors SP187 15 x BC239 transistors
SP118 2 x Cmos 4047 SP192 3 x Cmos 4066 -

SP119 4 x Cmos 4072 SP194 10 x OAS0 diodes

SP130 100 x Mixed 0.5W C.F. resistors SP195 3 x 10mm Yeliow Leds
SP131 2 x TLO71 Op.amps SP197 6 x 20 pin DIL sockets
SP132 2 x TLOB2 Op.amps SP198 5 x 24 pin DIL sockets

1997 Catalogue £1 inc. P&P or

RESISTOR PACKS - C.Film FREE with first order.
RP3 5 each vaiue - lotal 365 0.25W  £275 TN NPT TR
RP10 1000 popuarvakes 030w 575 Orders to: |
1 Vi I -
TR prph i Ty VI | Sherwood Electronics,

RP8 10 each value-total 730 0.5W
RP11 1000 popular values 0-5W

7 Williamson St., Mansfield,
Notts. NG19 6TD.
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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-

LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS

THOUSANDS PURCHASED
BY PROFESSIONAL USERS

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)

MXF600 (300W + 300W) MXF900 (450W + 450W)

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: #independent power supplies with two toroidal transtormers # Twin L.E.D. Vu mefers »
Level controls # llluminated on/off swilch % XLR connectors % Standard 775mV inputs * Open and short circuit
proot # Lalesi Mos-Fels for stress free power delivery into virtually any load » High siew rate # Very iow
distortion # Aluminium cases % MXF600 & MXF300 fan cooled with D.C. loudspeaker and thermal pr if
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19 xH3'2" (2U)xD11"
MXF400 W19 xH5'4" (3U)XD12"
MXFE00 W19 xHS5"4" (3U)xD13"
MXFI00 W19 xH5'4" (3U)XD14%e"
PRICES:-MXF200 £175.00 MXF400 £233.B5
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL. £12.50 EACH

SUPPLIED READY BUILT AND TESTED.

Fhese modules now enjoy a worid-wide for quality. and periormance at a realistic price. Four
rodels are available 10 sull the needs of the professional and hobby market i.e. Indusiry, Leisure, Instrumental and Hi-Fi
bic When comparing prices NOTE thal all models include 1oroidal power suppty. intlegral heal sink. glass tibre P C.B. and
firive circuils to power a compatible Vu meter. All models are open and short circuit proot

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, Damping Factor -300, Slew Rate 45V/uS
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R.
<110 dB. Size 300 x 123 x 60mm.
PRICE £40.B5 - £3.50 P&P

OMP/MF 200 Mos-Fet Output power 200 watts
R.M.S. into 4 ohms, tfrequency response 1Hz - 100KHz
-3dB, Damping Factor -300, Slew Rate 50V/uS
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
<110 dB. Size 300 x 155 x 100mm.

PRICE £64.35 - £4.00 P&P

OMP/MF 300 Mos-Fet Output power 300 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3d8, Damping Factor -300, Slew Rate 60V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110dB. Size 330 x 175 x 100mm.

PRICE £B1.75 - £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor -300, Slew Rate 75V/u$,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.

Advanced 3-Way Stereo Active Cross-Over, housed in a 19" x 1U case. Each channel has three level controls:
bass. mid & lop. The removable front fascia allows access to the programmable DIL swilches 1o adjust the
cross-over frequency: Bass-Mid 250/500/800Hz. Mid-Top 1.8/3/5KHz, all at 24dB per octave. Bass invert switches
on each bass channet. Nominal 775mV input/output. Fully compatible with OMP rack amplitier and modules.

Price £117.44 +~ £5.00 P&P

-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Anti-Thump Delay. Size 385x 210 x 105mm.
PRICEEL132.B5 £5.00 P&P

OMP/MF 1000 Mos-Fet Output power 1000 watts
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms,
trequency response 1Hz - 100KMz -3dB, Damping
Factor -300, Slew Rate 75V/uS, T.H.D. typical
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan
Cooled, D.C. Loudspeaker Protection, 2 Second
Anti-Thump Delay. Size 422 x 300 x 125mm.

PRICE £259.00 -~ £12.00 P&P

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS:

STEREO DISCO MIXER with 2 x 7 band
L & R graphic equalisers whh bar graph
LED Vu meters. MANY OUTSTANDING
FEATURES:- including Echo with repeat &
speed control, DJ Mic with talk-over
switch, 8 Channels with individual faders
plus cross fade, Cue Headphone Monitor. 8
Sound Effects. Useful combination of the
following bnputs:- 3 turntables (mag), 3
miu, 5 Line for CD, Tape, Video etc.

SIZE: 482 x 240 x 120mm

STANDARD - INPUT SENS SOOmY, BAND WIDTH 100K Ha.
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS
775mV, BAND WIDTH SOKHz. ORDER STANDARD OR PEC.

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(60p STAMPED) FOR COMPLETE LIST.

McKenzie and Fane Loudspeakers are also available.

Price £144.99 + t:5 op P&P

% IOLA

Join the Piezo revolution! The low dynamic mass (no voice coll) of a Piezo tweeter produces an improved
transient response with a lower distortion level than ordinary dy . As a ¢l is not required
these units can be added to existing speaker syslems of up to 100 watts (more it two are put in series. FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.

TYPE ‘A’ (KSN1036A) 3" round with protective wire mesh. Ideal for
bookshelf and medium sized Hi-Fi apeakers. Price £4.90 - 50p P&P,
TYPE ‘B’ (KSN1005A) 3'4" super horn for general purpose speakers,
disco and P.A. systems elc. Price £5.99 ~ 50p P&P.

TYPE 'C’' (KSN1016A) 2'x5" wide dispersion horn for quality Mi-Fi sys-

PE !/YVPkB J

tems and quality discos etc, Price £6.99 - 50p P&P.

T~ TYPE 'D’ (KSN1025A) 2'x6" wide dispersion horn. Upper frequency
\\) response retained extending down to mid-range (2KMz). Suitable for high

236 quality Hi-Fi systems and quality discos. Price £9.99 - 50p P&P.
— TYPE ‘E' (KSN1038A) 3%« horn tweeter with attractive silver tinish trim.

. lq Suitable tor Mi-Fi it etc. Price £5.99 - 50p P&P.

\ | LEVEL CONTROL Combines, on a recessed mounting plate, level control

S | and cabinet input jack socket. 85x85mm. Price £4.10 ~ 50p P&P.

~.

ALLEMINENCE UNITS 8 OHMS IMPEDANCE
8 100 WATTR.M.S. ME8-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO.

RES. FREQ, 72Hz, FREQ. RESP. TO 4KHz, SENS 97dB. PRICE £32.71 - £2.00 P&P
10 100 WATT R.M.S. ME10-100 GUITAR, VOCAL . KEYBOARD, DISCO. EXCELLENT MID.
RES.FREQ. 71Hz, FREQ. RESP. TO 7KHz. SENS97dB. PRICE£33.74 - £2.50 P&P
10 200 WATT R.M.S. ME10-200 GUITAR, KEYB'D, DISCO, VOCAL. EXCELLENT HIGH POWER MID.
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 - £2,50 P&P
12 100 WATTR.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR.
RES.FREQ. 49Hz. FREQ. RESP. TO 6KHz, SENS 100dB. PRICE £35.64 - £3.50 P&P
12° 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A,, VOCAL, STAGE
MONITOR. RES. FREQ 42Hz. FREQ. RESP. TO 10KHz. SENS 9848, PRICE £36.67 - £3.50 P&P
12 200 WATTR.M.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID.

RES. FREQ. 58Hz, FREQ, RESP. TO 6KHz, SENS 98d8. PRICE £46.71 - £3.50 P&P
12 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC.
RES. FREQ. 47Hz, FREQ. RESP. TO S5KHz. SENS 103d8. PRICE£70.19 - £3.50 P&P
15" 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS. INCLUDING BASS GUITAR.

RES. FREQ. 46Hz, FREQ. RESP. TO 5KHz, SENS 99dB. PRICE £50.72 - £4.00 P&P
157 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR.

RES. FREQ. 39Hz. FREQ. RESP. TO 3KHz, SENS 103d8. PRICE£73.34 -

AR RS- Hi-F U110 C
ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are dual impedance tapped a 4 & 8 ohm)

£4.00 P&P

NEPE

A new range of quality loudspeakers designed to take advantage of the latest
speaker technotogy and enclosure designs Both models utilize studio quality
12 cast aluminium loudspeakers with factory fitted grilles wide dispersion
constant directivity horns  extruded aluminium corner protection and steel
ball corners complimented with heavy duty black covering The enclosures
are itted as standard with top hats for optional loudspeaker stands

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz
iblFC 12-100WATTS (100dB) PRICE £159.00 PER PAIR
iblFC 12-200WATTS (100dB) PRICE £175.00 PER PAIR
SPECIALIST CARRIER DEL. £12.50 PER PAIR

OPTIONAL STANDS PRICE PER PAIR £49.00
Delivery £6.00 per pair

BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND
B SOwatt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR.

RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PRICE £8.90 -
10 SOWATT EB10-50 DUAL IMPEOENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR.
RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz. SENS. 99d8. PRICE £13.65 - £2.50 P&P
10 100WATT EB10-100 BASS, HI-F). STUDIO.

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB.

12" 1OOWATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO.
RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND

5's  GOWATT EBS5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.
RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB.

€'z GOWATT EB6S-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB.

8 GOWATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC.

£2.00 P&P

PRICE £30.39 - £3.50 P&P

- £3.50 P&P

PRICE £9.99 - £1.50 P&P
PRICE£10.99 - 1.50 P&P

RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89d8. PRICEC12.99 - £1.50 P&P
10" 6OWATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.
RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICEC16.49 - £2.00 P&P

THREE SUPERB HIGH POWER
CARSTEREOQ BOOSTER AMPLIFIERS
150 WATTS (75 75) Stereo, 150W
Bridged Mono
250 WATTS (125
B8ridged Mono
400 WATTS (200 - 200) Stereo, 400W
Bridged Mono
ALL POWERS INTO 4 OHMS
Features:

* Stereo, bridgable mono w Choice of
high & low level inputs w L & R level
controls * Remole on-oft % Speaker &

125) Stereo, 250W

PRICES: 150W £49.99 250w £99.99
400W £109.95 PA&P £2.00 EACH

"t Ta S ALD it ORDOER E£100 MINMWMUM AL T——
OEMS FROM BCHOOLS, COLLEGES, GOVT. BODH c -
CES INCLUSIVE OF V.A SALES COUNTER A ANO
Ne ACCESS ACCEPTEOOY PCS NEORFAX

TRANSMITTEN HOBBY KiT!

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS
IW TRANSMITTER 80-108MHz. VARICAP CONTROLLED PROFESSIONAL
PERFORMANCE, RANGE UP TO 3 MILES SIZE 38 x 123mm SUPPLY 12V o 0.5AMP.
PRICE £14.85 - £1.00 PAP
FM MICRO TRANSMITTER 100-108MHz VARICAP TUNED COMPLETE WITH
VERY SENS FET MIC. RANGE 100-300m SIZE 56 x $6mm, SUPPLY 9V BATTERY

PRICE £8.80 - £1.00 P&P

B.K.ELECTRONICS

ET WAY, SOUTH D-ON-SEA,
ESSEX, SS2 6TR.
.: 01702-827572 Fax.: 01702-420243

PHOTO: 3W FM TRANSMITTER

UNITS 1 & 6§ CO

Tel
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bound BRITAIN'S BEST-SELLING
ELECTRONICS CATALOGUE
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The 'must have' tool for DIY enthusiasts,
hobbyists and students, amateurs and
professionals in the world of electronics.

h : - Over 25 years experience

e nt U S I u SI. - 42 stores nationwide

- Same day despatch

- Order 24 hours a day

- Free technical support on 01702 556001

- Free delivery on orders over £30.00

- Over £50 worth of discount vouchers

Order now on 01702 554000

Available at: WH Smith, John Menzies or
your local Maplin Store.

(Add 50p far P&P). Orders autside the UK please send £8.45 or 21 IRCs
MAPL.N PROFESS'ONA far Airmail in Europe or surface mail outside Europe. Send £16.00 or

37 IRCs for Airmail outside Europe to:
Maplin MPS, PO Box 777 Rayleigh, Essex, Englond SS6 8LU.

When ordering please quote priority Code MA024.
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FORMULAE & NOTES

OHM’S LAW QUANTITY MATHEMATICAL
R 1 V=IR V, volts 1 Approximately equa
B V'V _— I _Vv i O_'_'W_-O Greater than
R . amp . . Less than
I . : v Quantity Q = current I (amperes) x time t (secs) Identical with
R=7 R, ohms =It Coulombs Proportional to
Increment
Therefore
RESISTORS IN SERIES POWER DISSIPATION
R1 R2 R3 ‘
R
o—AAN | ANAA l ANNA—0 1 MKS U
| | 1 V'V i
e V] ———w]e—— V2 ———fe——— V3 ——> | I Mass M
I i v A Length L
v | ' i
- 2 o ] V2 Velocity v
Equivalent resistance  Rg=R; + Ry + R3 Power dissipated in R: P=IV=I2R="-watts Time t
V =V;+Vy+V3 V2t Angular velocity ®
Heat developed in R =12Rt=1IVt=— joules Energy w
R Power P
RESISTORS IN PARALLEL 1 watt is a rate of working of 1 joule per second. Charge Q
I R1 Multiply the joule heating by 2-4 x 10-4 to obtain the Current I
heat in kilocalories. E.M.F. E
Resistance R
Capacitance C\
INTERNAL RESISTANCE Conductance G
I- | ... CAPACIT
For equivalent resistance Rg: CQNVERS|q
1 1 1 1
Re Ry Ry Rs !
I =Li+I+I3 ,_7 : v picofarads pF|
. : nanofarads nF
F o oIS tke om 5 RE=M For a source of e.m.f. E volts and internal resistance microfarads pF
R1+R; r ohms: .
Currentd = amperes 0:0001pF = 01
CONDUCTANCE Rutrs 0-001pF = n
1 E=V+Ir=I(R_+r) volts 0-01uF = 10n
L G n ‘1 uF = 100
ey resistance >/omen P.D. across the load V= E—Ir volts ? HFH = e :

For resitors in parallel, equivalent conductance
Geg=Gq + Gy + Gz Siemen

POTENTIAL DIVIDER

For load resistor R > 10R,

. E2RL
Power in the load PL:TﬁL‘F—f)Z watts

This power is greatest when R =r

KIRCHHOFF'S LAWS

RESISTOR CO

BAND 1 (1st digit) BAND 3 (multiplier)

R Vo= Ra_ Vv 1 The current law: the algebraic sum of the currents BAND2(2nd digit)  BANDA (tolerance)
& Rs+Ry L meeting at any point in a network is zero.
12 —
Vi For R_.<10R, I +Is=1,
t Re ! or 4 Band Codes | 1
V2= xVi I +I;— 1= 0 ey 1w
R2 V2 RL Ri1+Re 1tI3—I= and Codes |
RL xR2 P . ] Silver
I Where Rg =R TR, 2 The voltage law: in travelling round any closed mesh T TERT T sl
- - of a network, the algebraic sum of the e.m.f'sacting | | |F——-2=_—_- L
in the mesh is equal to the algebraic sum of the IR | _ _Black | 0 |
voltage drops for the individual resistance in the Brown 1
WHEATSTONE BRIDGE L sl
E1 8 ———————— ==
R9 . . . = Orange 3
For balance (no current through Rs): I__ I Working anticlockwise: e e
eliow
R R2 - o g e TN _" s
21 24 or R1R3=R3R, i IRl ~=Ey =Ey il | _Green 15 [
2 3 £2 Working clockwise: Blue 6
At balance: _ I"' "——'\/R\z/L —IR;—IRy=E,—E4 Violet 7
Re=Ry+Rjyinparallet ¢ &+ ¢ = 2 e o0 | === =
b R3 with R3+R e oL _ _ Grey 8
ST E If no sources are acting in the mesh, the algebraic sum T Whie 19 T
_(R1+R2) (R3+Ra) of the IR voltage drops is zero R i
O O ~ R1+R2+R3+Ra i
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SYMBOLS SERIES MULTIPLIERS CHARGE OF C THROUGH R
| to ~ 1 Used for extending voltage ranges Efs °—W]R
* b g
> Ir m PV ¢
= - O [N -
i | ci:_ @ W t Rm =¥— RA ohms l i I
= F
o f v— { Switch S is closed at timet =0
8 or .A , where Ry, =required multiplier resistance, ohms i \Yj
e . B Initial current I, =<5 0 g
Ir =full scale deflection of existing meter, R
| ST Current at any subsequent instant: i=1, exp( - CLR)
| Ra =resistance of meter, ohms
‘I’NlTS V =required voltage range on meter scale Initial voltage across C att =0:
kilogramme (kg) V=0
| metre(m) Voltage across C at any subsequent instant:
metre/second (m/s) PARALLEL SHUNTS
second(s) 5
radian/second(r/s) Vo=V [1 —exp (_a)]
joule (J) Used for extending current ranges
watt (W) j I ”\ If Time constant T=CR seconds; (C Farads, R ohms)
Coulomb (C) W After a time t= CR seconds:
ampere (A) I M I=Ig+Ig V,=0-63V
volt (V) i=0-371,
ohm (Q) Rs
Farad (F) RS=IFRA=meter f.s.d. current Ra
Siemen(S) . Is shunt current INDUCED E.M.F.
: ' where I is the required current range i
! ——PGYGIO ——
] i3
| ANCE Whenever a current i is switched on, switched off or
bN TABLE CARPACITORS IN PARALLEL changes in value in an inductance, L henries, the e.m.f.
| induced in the inductor
o Ii e= — L x rate of change of current i
Equivalent capacitance: di
= 10-'2 Farads —_—2y©? Ce=C1+Cor+C sl
= 109 Farads - l:' . . d‘h grts T
= 106 Farads otal stored charge: ai .
VI-— Q=04 +Qy + Q3 where at 'S amperes per second.
ik = 100 pF Lenz's Law: When a current is increasing, the induced
[ E 1000 pF Cli¥igaeniCi 0l FC e.m.f. is negative and opposes the supply voltage (the
E ] 1(1)8888 pfF ' Charge on C;=0,=CzV “back” e.m.f.).
s g When a current is decreasing, the induced e.m.f. is
= Ch =Q3= ] k=
,F = 1000000 pf arge on Cg=Q3=C4V positive and acts in the same direction as the supply
| _ voltage.
I "
LOUR CODE
CAPACITORS IN SERIES ENERGY STORED IN A
! BAND 1 {1st digit) BAND 3 {3rd digit) C1 cz C3 MAGNETIC FlELD
|_| For equivalent capacitance Cg:
ay 02 03 1 1 1 1 Work done in establishing a steady current I in an i
BAND 5 (tolerance) v EE:E'F EZ'FES inductance, L henries; and the energy stored in the field:
BAND 4 (muttiplier) W: %LIZ Joules
—BAND NUWBER Total stored charge Qg=Q;=0,=03 ’
Bl o 3 4 For two capacitors only Cg= C1x Ca
51— --F:- p YCe=g e, CURRENT GROWTH IN AN
0-01 10% : - INDUCTANCE
-1 o1 [Ts% ENERGY STORED IN A Switch S is closed at time t=0 E R
0 0 1 ch Sisclosed at time t= 1
e i S CAPACITOR )
13 | R (. S L] Final steady state current == l"\,"||_‘/s
2 i 100 2% c R
373 1000 77 I F C Farads Current at any subsequent instant after t=0:
a”|"& ]~ 0000 [ ] 0 Vs
.§__5__:E0§03)§:::: ' b v —=4d ~ i=I[1—exp(—m)] |
6 [ 6 |_1000000 | | Charge on the capacitor Q= CV Coulombs L -
3 Bl gl RSN L Energy stored W =1%CV2 joules Time constant T=pgseconds
8 8 . . L
AT =%QV joules Afteratimet=ﬁseconds:
y
S e o i | _ Q2 . i
20% —_— I—063I
o 20 joules




SINE WAVE
CHARACTERISTICS

instantaneous current

peak or maximum excursion

Root mean square (r.m.s.) value

frequency

® = 2nuf, the angular N
velocity 0 =

T = periodic time YT,

I = peak-to-peak

value

L_07071

V2 Y N
i =21=14141 ™

r.m.s. value —111
average value

T

— (>

2

AVERAGE VALUE t
OF HALF CYCLE

:0:6377

I =

Form factor =

These formulae refer equally to a voltage wave

R AND L IN SERIES

Reference phasor for a series circuit = I
Circuit impedance

|Z| =+/R2+ X2 ohms

s
Z|

V= VRV

I:

x

XL
R

cos ¢ = power factor =

tan ¢ =

IH]
where ¢ is the phase angle of lag.

R.M.S. VALUES

R.m.s. value of a sinusoidal wave:

a A

Lo Y 07071 or 0-707V

V22

R.m.s. value of a.c. superimposed on d.c.:

I=./14.2+ %2

R.m.s. value of two sinusoidal currents of the same
frequency and in phase:

htLa - 0.707(1, +1,)
2

POWER IN A.C. CIRCUITS

Apparent power= VI volt-amp (VA)
True power=apparent power x power factor
=VI X cos ¢ watts
where ¢ is the phase angle.

R AND C IN SERIES

Reference phasor for a series circit =
Circuit impedance

I
R c
VR—-—-L—VC
1 1
v L

1Z) =+/R2+ X2

RADIAN MEASURES

Theradian is defined as the angle
subtended at the centre of a circle
by an arc on the circumference
equal in length to the radius of the
circle. Since the circumference is
2 times the radius, there are 2n
radians in a complete ciicle.
Hence 2r radians = 360°

or 1 radian =360/2r=57-3".

The angular velocity of a rotating arm (or phasor) is
expressed in rad/sec (o), hence

) RAD/SEC

1 RADIAN

®=2n X number of revolutions per second

=2nf rad/sec, where f is the frequency.

PURELY RESISTWE CIRCUIT

_v [‘W“]
I— R Vi,

I'andV are in phase; phase angle ¢ = 0°

1

v

PURELY INDUCTIVE CIRCUIT

Reactance X = 2nfL ohms, L in henries [—/mmjL
V v I
I = 7[_; V = IXL Vo

I'lags V by 90° (n/2 radians) h
I

=17 s K d
V: VR2+ ch
e N\ Ix
t = ==
Bt d> R Vs Ing
cos ¢ = power factor =m
where ¢ is the phase angle of lead.
R AND L IN PARALLEL
Reference phasor for a parallel circuit = V
, IR=¥isin phase with V —I’R—'\/R\H
Vv T
s — s - —=— VIOV
Iy ==/ lags Vby 90° (n/2 radian)

XL

1 e
I=/Ig2+12; ==+
R L IZI R2 XL2 IR=% v .lIR
R - ’
tan ¢ :X_L;

L XL

cos ¢ = power factor= %

B !

Ip=¥
where ¢ is the phase angle of lag. **

)
Ni<

90°=7 rad, 180° = rad, 270° =3—2" rad, 360°=2n rad.
TRIGONOMETRY
Pythagoras: Angle BCA is right-angled.

(AB)2=(AC)2+ (BC)?
Basic |dentities:

. q__Opposite BC
it hypotenuse AB
cos 0= adjacent _ AC
hypotenuse AB
__opposite _BC_ sin9 ]
o adjacent AC cos®

sin20+cos20=1
1+ tan20 =sec?d

1+ cot20 =cosec20

LOGARITHMIC FORMS
log (AB)=log A+log B
A
Iog [E] =al'gg Aj(lg—B

log A"=nlog A
logigA= logeA x logy 0= 0'4343M6A
log,b=

logpa

Phase angle ¢ =90° lagging
PURELY CAPRPACITIVE

CIRCUIT
s - c
Reactance X, = 2nfC ohms, Cin farads l_l
_ 106 : y 1
= onfC ohms, CinpuF Ve

1=ch; V=IX, |/

I'leads V by 90° (n/2 radians)
Phase angle ¢ =90° leading v

R AND C IN PARALLEL

Ig =¥ is in phase with V

Vv = |
I.=——leads V by 90° (n/2 radian o
© Xc y ( ) ¢ .C Il 9
I
I=/Ig2+12 L—i‘—"’
1
170 VRZ X2 70
Xc
R
tan ¢ = X,

cos ¢ = power factor= %

where ¢ is the phase angle of lead.

SERIES RESONANCE

N 1
Atresonance X, = X, or 21th—2—thC

Resonant frequency f, = 1 Hertz{ L henried

2n/LC C farads

R L C

10 LuH
=— Hert
2m/LC erz{ch

v

~

Atresonance V, =V (in magnitude but antiphase)
=VQ, where Q, is the resonant Q-factor

Resonantimpedance Z,= R (purely resistive).
Applied V and resonant current 1, are in phase;

¢=00; power factor unity.

\Y% . [
Resonant IO=F and is a maximum.

MAGAZINES:

Everyday Practical Electronics monthly

magazines aimed at everyone interested in electronics. Four
constructional projects are given each month plus news, theory etc.

BOOKS: A wide range of tet
of electronics. |

VIDEOS: Educational vide
analogue and digital electronics, r:

|
Full details of the above items are provided in Everyday Practical Electronics r
Wimborne Publishing Ltd, Allen House, East Borough, Wimborne, Dorset BH21 1




PARALLEL RESONANCE

2
Resonant frequency f,= —217\ / L1_C_ E_Z Hertz

]
which, if L2yR2> ———— Hertz
) 2ni/LC

Resonant impedance Z,, =_CL—R Q and is resistive.

Applied V and resonant current I, are in phase;
¢ =0°; power factor unity
Resonant current

Io=$Qand isa minimum.

Circulating current

I.=1,Q, where Q, is the resonant
Q-factor.

PHASE ADVANCE NETWORK

C

—i

vi R Vo

—_— N —1>
V, leads V; by 0= arctan 2niCR

PHASE RETARD NETWORK

V, lags'V; by 0= arctan 2nfCR

NORTON’S THEOREM

NETWORK OF GENERATORS \
AND IMPEDANCES =

it

Any two-terminal network of generators and
impedances may be replaced by a single
constant-current generator lg. in parallel with a single
impedance Z; where |4 is the current that would flow
in a short-circuit connected across the terminals A
and B and Z; is the impedance seen at the terminals
with all independent sources suppressed.

SELECTIVITY

Atresonance, voltage magnification or Q-factor

reactance of one kind
total circuit resistance

omfL 1 _L\/I
"R 2nfCR RVC

0=0g=

f1 1p fa

f1 and f, are the half-power points (3dB down)
Bandwidth="f,—f,
fo

Qp=

f,—f

180° PHASE SHIFT NETWORK

V, lags V; by 180° (n rad) at frequency
2m/6CR 15-4CR

C C C
vi %R %R %R Yo
[o mmmm—— -0

Hz

THEVENIN'S THEOREM

NETWORK OF GENERATORS
AND IMPEDANCES

Any two-terminal network of generators and
impedances may be replaced by a single voltage
generator E in series with a single impedance Z;
where E is the voltage measured between the
terminals A and B with no load connected and Z; is
the impedance seen at the terminals when all
independent voltage sources have been suppressed
or replaced by their internal impedances.

THE TRANSFORMER

(a) Turns Ratio: N>
Voltage turns ratio N===and V,=N x V,

N+
- SV Nz L
Neglecting losses vV, N T
V2

Secondary load current I, =R—E

1

Turns ratio=voltage ratio=————
9 current ratio

(b) Impedance Matching:
For maximum power transfer from source to load

_NZ_\/ﬁL \/Z_L
N——N—1— ﬁ—sor

I =N

(c) Impedance Transformation
Input impedance seen at primary terminals

= N1]2. _[1_]
z=[] z=[g] =

The transformer changes the modulus (the “size™)
of Z; but not the phase angle.

LOW PASS FILTER

Ltp Lip

LT

T-SECTION

:—-—I/‘UWU\T—%—{
c,z Ciy éﬂu

i e |

L= T - SECTION

R o L
L—thc Ro= Cohms
1 1

C= fo=—r—
nfeRo = m/LC

Hz

where f. = cut-off frequency,
R, = characteristic or design impedance.

HIGH PASS FILTER

_Ro - JI5"
L= Ante Ro—\/Cohms
1 1
C= = Hz
4ntcRo ¢ 411'.\/LC
2¢c 26
| e |

_d
YT -SECTION

T AND T SECTIONS

Characteristic impedance Z,;

= VZ1 24 22122 =3 \/ZOCZSC

For attenuation N =V/V;
N-117]., _ 2N
_VN+ 'l] s Zat—zor [—Nz_ 1]

Characteristic.impedance Z,.,
yAWL

Z21=2y

s
For attenuation N = V,/V;

2 __
22=Zo1'r [%] :Z1 =ZO‘rr %]

Where Z, is the open circuit impedance
and Zs; = short circuit impedance

Z,

TV, 2, 2 Vo Zo

hnical books covering all aspects

0s covering a wide range of
dio, fibre-optics, lasers etc.

MANUALS:

The Modern Electronics Manual and The Elec-

tronics Service Manual contain just about everything you need to
know about electronics. Over 800 A4 pages in looseleaf format.
Supplements are published about six times a year, continuously
extending the Manuals with new material.

1agazine, available from all good newsagents on the first Friday of every month.
’F. Tel 01202 881749 Fax 01202 841692. E-mail: editorial@epemag.wimborne.co.uk






