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Electronics Principles 9.

‘A COMPLETE PC BASED ELECTRONICS COURSE'

If you are looking for an easy and enjoyable way of studying or
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educgational software. Now containing
even more analogue, digital anc
microcomputer theory. PLUS over a
hundred new maothemahics fopics 1o
further your understanding of formuioe
and calculations. Telephone for o
comprehensive list of upgrade details.

This softwore has been developed to
teach electonics and is suited to both the
complete novice aond the more
advanced student or hobbyist wonting o
quick revision and occess 10 hundreds of
electronics formuloe. it is extremely easy
to use. Just select a topic, which is alwoys
presented as a defoult diagram (no bionk
| screenst) and input your own values
- ____l -+ Atematively, use those from any standord
ot | Vopolokes | g [For o T Gt G electronics text book o see the results as
; P ——— ..__—, frequency response curves, calculations,

’ logic states, voitoges and currents efc.

Graphics presentation has been enhanced and speeded-up with
new menus and indexing which enables O quicker aoccess and
more informotive descripfion of the extended range of five. hundred
and sixty electronics ond mathematics topics.

The PIC16C84 microcontrolier hardware and instruction set has been
infroduced and brought fo life through colourful interactive graphics
where you can study the architecture of this device by changing the
data vaiues 1o simuiate all of the registers, direct/indirect addressing,
program/data memory and input/foutput port configuration.  Along
with those analogue to digital functions of the PIC16C71. If you
would like to lecm more about the principles of these popular
microconirollers then it could not be maode easier.

Degres

IMPEDANCE. #.C U L Pasalied Ingradance a
Electronics PrinCiples software is cunmentty used in hundreds of UK and '
overseas schools and colleges to suppor  City & Guilds, GCSE, A-
level, BIEC and university foundation courses. Alsc NvVQ's and
GNVQ's where students are required to have an understanding of
electronics principies.

Still only £99.95%

EPT Educational Software. Pump House, Lockram Lane, Witharmn, Essex. UK. CM8 2BJ
TelfFax: 01376 514008. sales@eptsoft.demon.co.uk hitp:/fwww.eptsoft.dermon.co.uk
*UK and EC countries add £2 per order for post & packing. VAT should be added to the total.
Qutside Europe £3.50 for alr mail postage by retum.

Switch, Deltq, 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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Understanding Robots 8
Harprit Sandhu introduces the expanding family of “programmable
general purpose manipulators” and the mechanisms and control
loops that make them function.

Three-Range Inductance Meter 19
To partner last month's Capacitance Meter, Robert Penfold’s
Inductance Meter has three ranges of full-scale value 1mH, 10mH,
and 100mH.

Radio Interference Filter for VHF 24
Strong legal transmissions, particularly the ever-expanding range of
radio-paging signals, can swamp VHF reception. E Chicken MBE's
filter is designed to reduce swamping and clear reception,

LED Voltmeter for 12V battery check 29
Twelve-volt lead-acid “leisure”™ batteries are designed to run down
significantty before re-charging. Terry Balbimie's four-LED battery
checker indicates the charge state.

BB Ranger 35
The Ranger is an eprom-driven eiectronic score-board for a BB
pellet-gun shooting range. A specially-built set of fall-down targets
enable an instant readout of the accumulated score.

GCSE Grounding: Sound Effects Module 46
Terry Balbimie continues his circuits for GCSE students. In this
Issue: a six-sound effect module which can be adapted.

The Orphan Decibel 51
The Decibel is an unusual unit of measurement - it describes a

thing not by what it is, but by what it does. E.Chicken MBE FIEE
describes how to calculate power with decibels.

Spiced Circuits: Logic Simulation and Maths 56
In the last of Owen Bishop's series on Spice-based circuit
simulation, he looks at logic simulation, including B2Logic V3.0

Digital Tic Tac Toe 60
An electronic game of Noughts and Crosses which allows you

to play against a PIC 16C64 microcontroller. By Rose and

Andy Moreit

Line-Up Oscillator With Glitch 63
When you are sending an audio signal to a remote destination,

it is necessary to know which sterec channel you are monitoring.
Tony Sercombe's glitch will tell you.

Review: Peak DCA50 Component Analyser 73
An advanced new meter for the identification of component types,

Reg ulars pin-outs and functions.
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More Than Before

“Giant Magnetoresistive (GMR)” disk drive heaas, pioneered
by IBM Research scientists, are the essential component
behind the-world's highest capacity desktop PC disk drives.
The IBM Deskstar 16GP is a 16.8-gigabyte drnve capable of
holdng eight times more information than today's average
desktop hard drive. The Y6GP can hold eight hours of full-
motion video (MPEG-2-quality video), or, according to 18M,
sufficient information to fl_more than 16 pick-up trucks §
printed out as hardcopy {presumably on USA standard 11 x
8.5-in paper stock).

A pickup truck is a traditional North American ightweight
open-backed flatbed van with low sidings. Goods and
passengers are aither stacked loose or lashed in place, usually
accompanied by a dog. Not generally robust enough for full
commexcial loading, prckups are widely used for local
delvenes, general agricultural transport ang riding around.
Loading capacity (depending on age and condition, and taking
iNto account the low comprassibility of paper) may be
approximately compared to one “transit” van, half @ Luton box
van, or a reasonable fraction of a corporation dustcart.

For large compares like IBM, mass storage of this kind
once promised the “paperess office”, but the comparatively
siow spread of electronic docurmentation, and paper
hardcopy's flexibifity and freedom from compatibidity problems,
has tended to increase the amount-of paper in circulaton,
rather than decrease it, In the future, mass storage by
removabie hard disk may help to reduce the physical need for
filng space.

The GMR disk head is no bigger than the head of a pin
and is the world's most sensitive sensor for reading data on

hard disks. According to IBM, the massive storage capabiities
of the Deskstar 16GP aliow television-lke sound and picture-
quality muttimedia programs on a suitabie computer.

Gmtedwjogyexpectstobeutoprmaqﬂeof
morethan10m!lonbnsper9qwenchonmchkpnttuby
2001.

The Deskstar range has 10 disk capacttes to choose from.
For high performance as cpposed to maxmum capacity, The
Deskstar 14GXP family has a choice of thvee different
capacities from 10. gigabytes to 14.4 gigabytes running at
7200 revs per minute. The 5400 RPM 16GP drive tamily has
seven capacities from 3.2 go 16.8 gB.

For more information see IBM Storage Systems Dmsion's
web page: www.ibm.com/storage. Dept. Star 30, or contact
IBM UK Ltd., South Bank 76 Upper Ground, London SE1
9P7. UK. Tel 0171 202 3744, fax 1071 202 3792.

organic compost

your wormeryl

New Bulls On The Loose!
Bull Electrical’s latest catalogue is now out
it features remote control systems,
telecsopes and microscopes, batteries and
battery chargers, surveillance bugs and
camera accessories, video cameras, solar
panels and a complete wormery with 1000
worms to convert kitchen waste into

Buil have also started a new catalogue
concentrating on the scientific hobby of
hydroponic gardening. The catalogue
includes nutnients, heaters, pumps, lighting
accessories and how-to books. An ideat
way to utilise the rich organic nutrients fror

For more information and copies of their
atalogue, contact Bull Electrical, 250
Ponland Road Hove, Sussex BN3 5QT,
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All Micro Show at Bingley Hall in April

The SAMS'G8 Spring Al Micro Show will take place on Saturday
18th Apri at Bingley Hall, Staffordshwe Showground, Weston
Road, Staftord. The show will be open from 10am to 4pm, with
plenty of free partidng. Entrance is £3.00 for actutts, S0p for
chidren under 14, £2.00 for concessions: OAPs, RSGB
mambaers, student cards, UB40. Advance tickets are also £2.00
plus a stamped, self-addressed envelope.

The Showground is on the A518 Stafford-Uttoxeter Road,
sgnposted from junction 14 on the ME. There is a bus shuttie
from Stafford ragtway station.

This is the 10th consecutive year of the Al Micro Show at
Bingley Hatl. Last year saw 3,000 people and 100 trade stanas
covering all formats computing, including PC, Sinciarr, Binstein,
Amiga, Atan St and Atan 8-bit computing supported by vanous
user groups, along with stands seling accessores, software,
books, components, shareware, media, hardware, radio, satefite
and a big Blectronics Brng and Buy Stall. There are New Plasma Screen Technology
refreshrnents, a cafeterla and a licensed bar rom 11 am. Ready to Hang on the Wall

There wil be another All Micro Show in Bingley Hall on
Novermber 14th.

For further details, advance tickets etc. contact Sharon
Alward at Sharward Promotions, Knightsdale Business Centre,
30 Knightsdiale Road, Ipswich, Suffolk IP1 44, Tel 01473
741533, fax 01473 741361, Emal: senvices@sharward.co.uk

ELECTRONICS TODAY INTERNATIONAL
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urplus always
wanted for cashl

LOW COST PC's
SPECIAL BUY '

‘AT 286
40Mb HD + 3Mb Ram

Industrial grads 12Mhz HI GRADE 206 sysiems Made It the USA
10 @ Noustrel apeciication, the system was designed for tofal reke-
bty The compact case houses the motherboard, PSU and EGA
video card with singie 5W"° 1.2 Mb foppy disk drive & 40MD
hard disk drive t0 the front. Real time clock with Danltery Dackup is

ussd CONAGION coMmpiste wih
RAM, DOS 4.01 and 90 DAY

Optionai Ftted extras: VGA graphics card £29.00
14Mb 3R disk amve (insiead of 1.2 Mb) c€19.98
Wordpariect 8.0 for Dos - when 3%® FOD option orsores  £12.50
NE2000 Ethermnet (thick, Thin OF twisiad) network card £29.00

INTEL 486DX-33 SYSTEMS

Limitsd quantity of this 2n¢ user, superD smel size Ceskiop Ut
Fully feqtured with stenciard ssnm connNectors 30 & 72 Supplied
wath , 4 Mb of RAM, SVGA monitor output, cache and
negral 120 Mb IDE drve with singie 1.44 MD 3.5° floppy disa drive

Fully 1ested and guaranieed. Fully expendcabie Onl
Many other opc&m avaliable - cell for dutalls. 4 99460 ®

FLOPPY DISK DRIVES 3%" - 8"

Massive purchases ¢f standard 3M° and 3%' Orves enables us lo
presant prima product al Noustry iow prices! All units (Uniess
sisiec) are BRAND NEW o removed ohen brand new QU
ment and are fully tested, aligned and shipped to you with a A/l 80
day guarantes. Cav! for over 2000 uniisted drives 10r SDares OF NEpRT.

N Panasonic JUIB/4 720K or equvalent RFE £24.96(8)

IW%* Mitsublshl MFIS5C-L 1.4 Meg. Laptops only £29.96(8)

IW* Mitsublshl MFISSC-D. 1.4 . Nan £10.96(B

S%* Teac FD-88GFR 1 2 £10.95{8
S%® Toac FD-55F-03-U £29.

SW° BRAND NEW Mitsubishl MF501B 360K £22.95(8

Table 10p case with niegral PSU lor HH SW° Flopp or HD £29.96{B
8° Shugart 800801 8° refurtashed & tested £210.

8" Shugart 810 8° SS HH Brand New 195, E}

£200.00(E

296 E{

£295.00E

3]

8 Shugart 351 8° doubls 3:08d returtished & lested
§° Mitsubishl M2804-83 double sided NEW

§° Mitsubishi M2898-63-02U DS stmine NEW

Dual §* cased drives with ntegral power supply 2 Mb

tae
HARD DISK DRIVES

2% TOSHIBA(19 mm H ) MK210TMAN 2.16 Gb. New
2%° TOSH.(12 5 mm H) MK1002MAY 1.1 Gb laptop. New £11
Pe's, wah connectors £1

"
-
2

1

3%" CONNER CP 3024 20 mb IDE UF (or equiv.) RFE
34" CONNER CP3044 40mb 1DE UF (or equiv.) RFE

333322238833,
8383323233388

SW" CDC 94205-51 40mb HH MFM UF RFE tested
Su" HP 97548 A50 Mb SCS! RFE rested

5%* HP C3010 2 Gbyte SCS! dtfferential RFE lested
8* NEC D2248 85 SMD nterface. New

8" FUJITSU M2322K 160Mb SMD LF RFE lested J
8 FUIITSU M2392K 2 Gb SMD UF RFE tested £345.00
Many other arives in etock - Shilpping on aii drives Is code (B)

THE AMAZING TELEBOX

Converts your cotour monfior indo @ QUALITY COLOUR TV

TV SOUND &
VIDEO TUNER

3

N

The TELEBOX is an attractive fully cased maing powered unit, oon-

taining all slectronics ready 10 Dlug NtO & host of video monitors
mada by makers such as MICROVITEC, ATARL, SANYO, SONY,
E. PHILIPS, TATUNG, AMSTRAD eic. The composite
VIGeO OuUtDiL Wil aisO plug directly INto Most Vo recordens,
recaption of TV channels not normaliy recaivable on most
slon recetvers® (TELEBOX MB). Push button controls an the front
atow reception of B tully iuneabie ‘oft air' UHF oclour islevision

TV operstors. A cOMposte video is located on the rear panel
for GrecE CONNBCHON 1O MOSt Maked of MONRO! Of GESKIOD COMpUter
video systems. For compiste compatibiity - even for with-
out sound - an integrsl 4 wat audio ampifier and low level Ml Fi

S0 output Sre provaded as standard

TELEBOX ST for composiie video input type monitors £36.95
TELEBOX STL as ST but firted with £36.50
TELEBOX ME Muliband VHFAUMF/Cal tuner  £86.95

For overseas PAL versions state 5.3 or § mHz sound specification
‘For cabie / nyperband signal reception Telebox MB should be con-
nected (0 & cable Typs servics. Shipping on all Teieboxe's, code (B)

DC POWER SUPPLIES

VinulaHy every rfypc ?f psw;r
su you can Imagine.Ovdr
1o,¢fa%§

ower Suppilies Ex Stock
all for info / list,

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

IC's -TRANSISTORS - DIODES
OBSOLETE - SHORT SUPPLY - BULK

6,000,000 Items EX STOCK

For MAJOR s4vIGS - CALL FOR SEMICONCUCTOR HOTLIST

VIDEO MONITOR SPECIALS

One of the highest specification

A monlitors you will ever see -
L At this price - Don’t miss itl!

Mitsubleihi FAMMISETXL 14° SVGA Mulisync colour monior wi ne
Wbe wnd rmscktion of 1024 1 768 A

"
ARCHBMEDES wrd
&m‘uﬁ‘

TR & Swivel Base £A.7S

Only £119 ¢
VGA cabde for BM PC included.
Extornal cabies for other types of computers CALL

Qrcier an
MITS-SVGA

Surplus always
wanted for cash!
19" RACK CABINETS

Superb quality 6 foot 40U
Virtually New, Ultra Smart
Less than Half Pricel

Top qualty 19" rack cabinets made In UK by
Optima Enclosures Lid. Units featura
designe:, amoked acrylic lockable front door,
tull hewght iockable half louvered back door
and louvered removabie side panels. Fulty
sdjustable ntemal fing struts. reedy punched
tor any conhguration of equipment mountng
plus reacy mounted integrsl 12 way 13 amp
socket swiched maing dsifibution strp Make
these mcks somae cf the mosl versatie we
have ever soid. Racks may be stacked side Dy side and theretore
require onty two gide panals to stand or i multiple bays.
Overal dimengions e 77%° Hx 22%° O x22° W, Order #s:

OPT Rack 1 Compists with removabie side penels.  £345.00 (G)

OPT Rack i L9ss gade panels £245.00 (G}

Over 1000 racks, shelves, accessories
19" 22" & 24" wide 3 to 46 U high.

Ag New « Ex Demo
17° 0.28 SVGA Mitsubighi Diamond Pro monitors

Full multisync etc. Full 90 day guarantee. £325.00 (E)

Available from stock !!.

32U - High Quality - All steel RakCab

Made by Eurocraft Enciosures Lid to the highest possible spec,

Juat in « Microvitec 20° VGA (800 x 600 res.) colour monRors.
Good SH condition - trom £299 - CALL for Info
PHILIPS HCSJS (same o8 CMBB33) atiractively stywed 14°
colowr monillor with GB and standard composits 15.625
Khz video inputs via SCART socket and separste phono jacks.
Integral audic power & and speaker tor all sudio visual uses

Wil connect direct to Amiga and Atarl BBC computers. ideal kr al’ pansl, yat
connection

video monitoring / security sppiications wih direct

10 MOSt COIOUr CAMeras Hq«guny with many featuwes such as
front ooncubdh!’up controis, YCR correction button eic. Good
used CONAoN « hully tested - guaranteed

Dimangions: W14" x H12%" x 15%° D. Only £99

PHILIPS HCS3t URra compact 3 0olow vioeo monikor with sten-
dard composite 15825 Khz video input via SCART socket. ideal
for all monitoring / security apphications. High qualty, 8R-equipment
tully lested & guarantesd (possible mEwar screen bums). I atrec-
tive square black plastc case measurmg WI10" X H10® = 13%° D.
Ll ot Only £79.00 o

KME 10° 15M 10009 defndiion colour monflors with 0.28° dot
pitch. Superb clarity and modern siyting.

Operates from MJ 15.825 Whz sync RGB videc
source, with RGEH analog and composile sync
such as Atari, Commodore Amiga. Acorn
Archimades & BBC. Messures only 13%° x 12° x
11°. Good used condition. Only £125 ®

20" 22" and 26" AV SPECIALS
Superbly made UK manutacturs. PIL sl solid stale COIOUF MONRONS,
compiste wilh composte wdeo & optional sound INDUL. Aftractive
toak casa. Periect 1or Schools. Shops, Disco, Clubs. eic.in
EXCELLENT Mtip used CONCRION with tull 80 day guarentes

20°...£135 22°...£155 26°...£185¢
SPECIAL INTEREST ITEMS

MITS. & FAMASETXL 14° Industrial spec SYGA monitors
ThW 10 400 kW - 400 Hz J phame power SOAITES + 8x SIOCK
1BM 8230 Type 1, Token ring base und driver

£245
EPOA
£760

Wayne Kerr RA200 Audio frequency response £2500
184 53F5501 Token Ring ICS 20 port lobe modules £750
1BM MAU Token ring distrbution panel §226-23-5060N £95
AIM 501 Low distortion Oscritator BH2 to 330Khz, IEEE £550

Trend DSA 274 DunAr:\:E:'mGTOG(ZM)ﬂVo
Marcon! €310 Program 2 10 22 GHz sweesp generaior
HP16508 Logic Anstyser

HP3781A Pattemn genecator & HPIT82A Error Detector
HP8621A Duai Programmable GP1B PSU 0-7 V 180 watts
HP§264 Rack mount varabie 0-20V @ 20A matered PSU
HPS4121A DC 10 22 GH2 tour channel test set

HP7SB0A A1 8 pan HPGL high speed drum plottes £1850
FAB Warrobeé 8i28, insurance spec 1 howr rated fire sate £650
EG+G Brookdeal $5035C Precision lock in amp £650
View Eng. Mod 1200 COMPUtSiaad NSpeclion Bysiem EPOA
Sony DXC-3000A High quaity CCO colow TV camers £1100
CSZ VERY Large 3 cavity hermal shock chember £POA
Philips PW1730/10 XAA' SO with 8CCESSOT0S LPOA
K-m-n.z 590 CV capactor / vollags snalyses EPOA
Aacal ICR40 dual 40 charnel vOICS ecOros’ System £3750
Flakprs 45KVA 3 ph On Line UPS - New Damterias £9500
IC1 RS030UV4 Cleaniing ultrasonc Geaning sysiem £POA
Mann Taily MT645 High speed ine £2200
inte! SBC 4867133SE Multibus 486 system. BMB Ram £045
inte! SBC 408/125C08 Enhanced Mullibus (MSA) NEW £1450
Zets 3220-05 AQ 4 pen HPGL fast grum plotters £1150
Nikon HFX-11 m) sxposure control unll £1450
Motorola VME Bus ds & Components List, SAE / CALL CPOA
Trio 0-18 vdc inear, metered 30 amp bench PSU. New £850

Hau M3I04TR 600 LPM band printer 1950
Fujhtau M3041D 600 LPM printer with natwork nlerface £1250
Perkin Elmer 2068 irfrared £500
Perkin Elmer 597 infrared £3500
VG Electronice 1035 £3750

lh?'ilkw

LightBand 60 output high spac 2u rack mount Video VDA'y £495
onic SO 150H 18 channel dighal Hybrid chart recorder  £1995

Taytor Hobson Taltysur! | recorde:

System Video 1152 PAL wavelorm mongor

§

K4400 84D 10 1400 demux anatyser £2950

rack faatures all eteel conetruction with removable
side. front and back doors. Front and back doors are
hinged for sasy access and ai are lockable with
frve sacure B lever basrel locks. The front door
in constructed of doublie walied steel with g @S
"designer style’ smoked acryfic front panel to Il
enabis salus ndicators 10 be seen Mirough the
" remain unobirusive. Internally the reck
{eutures fully siotted remiorced vertical fim
members 10 take the heaviest of 18° rac
squipment. The two movabie verticsl strus £
(exttas availabis) are pre punched for Standard
‘cage nuts’, A mains ntenalk
ly MOuted 10 1he DOROM redf, provides B X IEC 3
pin Euro sockets 8nd 1 x 13 amg 3 pin swritched
utllity socket. Owersll ventilation is provided by
ouvered back goor and double sknned 10D SECtion
top and site louvres. The top penel may be remaoved for Htting
of integral (ans 10 the sub Diate eic. Other leatures nclude: Fed
CASION A floor ievelers, Prapuncihed utilly penel 81 lower rear for
cabie / connecior access elc in axcellent, siightly usec
congition with heys. Colowr Royal blue. External dimensions
mme1625H x 8IS0 x BOI W (| 84° :5‘ D2 20%" W)
Soid at LESS than a third of makere price I

A superb buy at only £245.00 )
42U version of the above only £345 - CALL

BATTERY SCOOP - 50% off !!

A special bulk purchase from g cancalled export order Drings you
hmm&q-ﬁmemh@wtmDCuM
rechargeable Datieries Hawker Energy Lid, typs 58518
jeaturng pure lead plates oftgr g a1 superor sheif & guaran-
t00d 15 yea: service ie. Fullty BT & BS§290 approved
BRAND NEW and boxed. Dwnansions 200 wide, 137 hegh. 77 desp
M8 bolt terminals. Fm%wwwn over £70

s« lQur Price each o or 4 for £99 i

RELAYS - 200,000 FROM STOCK

Save LETL's Dy choosing your next relay from our Messive
stocks covering typee such as - Military, Octel, Cradis,
Hermeticelly Sealed, Contsctors, Time Delay, Reed, Mercury
Wettea, Solld State. Printed Circult Mounting, CALL US WITH

YOUR NEEDS. Many obscts flypes from stock. Save [TEfe

LOW COST RAM & CPU'S

INTEL 'ABOVE' Memory Expansion Boerd Full length PC-XT
and PC-AT compatibie card with 2 Mbytes of memory on board
Card s tuily selectable for Expanced or Extended (288 processor
and above; memory. Full oats snd driver disks wmoc RFE

m tested and guaraneed. Windows comgthh .95
length § b u carde tor PC AT XT expends
other 256k or 512 n 64k stops. May 8is0 be used io

n above 840k DOS imit. Comy with data,
Oraer ae: XT RAM UG. 256k. 95 or 512k £39.95
1MB 26 SIMM 9 chip 120ns Oonty £8.50
1MBx9 SIMM3IchpBOne £10.50 o 7ons  £11.95
1MBx8 s%uogxoamumoso 0'70\!' s;;g
4 MB 70 ns MM - with b :

e tal Chy 15,95 WITEL <85-0x86 P £50.00
AULL RANGE OF EX + CALL FOR ££1

MOTOROLA 25 Mhz 58040 (XC68040RC25M) CPU'S £59.00
shipping charges for RAM / CPU upgrades is code B

SOFTWARE SPECIALS

NT4 WorkStation, complete with service pack J
and licence - OEMFackaged.

Special Price ONLY £99.00
Microsoft - Windows for Workgroups 311 4 DOS 822 Suppied

DOS 5.0 on 3%’ dishs with concree books c/w CBasic | £14.95
Wordpartect 8 for DOS supplied on 3%" disks with manual £24.95

shipping charges for software is code B

Visit our London shop for a full range of Test Equipment and other bargains

-
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Dept ETY, 32 Biggin Way

Upper Norwood
LONDON SE10 3XF

L and Locel
mu&“wtwwtp
socik. Dwcoures for volsma. Tep CASH prices paid for surplus gonds. A tracermarks #i

LONDON SHOP
PR STE
On 884 Bus Routs

W Thorndon Heath &
Selhurst Park SR Rall Stations

&

Vis
www.distel.co.uk
amail admin @ dstel.co.uk

5'

’L upu.uutwu(mmnsv.vxrn‘rcn’uammntmumtgamﬁhmmmmw‘m
acoourt over £100 are s © 1 iy Caancs w-nm. =E4.00,

(G)-c'i.m emwurm'_z&i Mmmmm&d&

- minimum arder £50
(E)=£15.00, (F=£18.00,
Al puarreess on 8 retum D base

Autortine

{Cy=£12.00,
A

ALL T ENQUIRIES

0181 679 4414

FAX 0181 679 1927

DISTEL®

i1 our web site

eanrvacd 10 Charg prioes / snecications wihout pricr nolios. Ordens miied! 1
© Doty Etncwores 1997, EA OE 018



ETI

ELECTRONIC

IODAY INTERNATIORALS

Construction Toolkits Get
A Free Upgrade

The new versions of
the Minicraft 12-voit
kits now come with
extra power and
accessones. The
Hobby Kit (MB
1000), designed for
the beginner, now |
has a more powerful
30-watt motor and heavy duty single-speed MB714
transformer. The list price is £44.99. The Precision Dril
Kit (MB5001) is designed for the person with system
expansion in mind, and also has a more powerful 30-
watt motor. The list price is £68.99. The High Precision
Drilt Kit (MBB57 1) is designed for the serious enthusiast
and is upgraded with 40 accessones instead of 15. The
list price is £84.99. Particutarly recommended for
Minicraft's lathe attachment (MB850).

The new features have been added 1o the kits at no
extra cost. All kits come in a useful plastic camying
case

For more information, catalogue or fist of-stockists,
call Minicraft on 07000 646427238,

®
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Adaptable 8-Output Metrabyte KPCMCIA-
8A0 Cards from Keithley

Kaithiey Instruments has released a Metrabyte KPCMCIA-8AO 12-
bit analogue output PCMCIA card for use with notebook and
PCMCIA-equpped PCs. The KPCMCIA-8AQ s "uniquely capable”
of updating exght independent bipciar or unpolar outputs
simultaneously at 100kiHz. Because the card has an onboard evert
timer that permits it 1o nterrupt a PC's CPU at softwamne-
programmable intervals, it can generate wavetorm-quality outputs. In
addition, the card offers exght channeis of TTL-compatibie digtal VO.

The Metrabyte card is available in two versions: the KPCMCIA-
8A0U with exght unipolar outputs with a range of 0 to +56V, and the
KPCMCIA-8AOB, with esght binolar outputs with a range of +/- 5V,
The KPCMCIA-8AC is PCMCIA standard 2.1 compliant, supports
hot swapping, and accommodates extermal intemupt inputs. The
card can update multipie outputs simuttaneously under software
control or with an external event. Each of its exght VO channels are
software configurable as an mput or output, providing for control or
monitoring of digital information. The KPCMCIA-8AO is fully
programmable and Windows 35 compatible, and is shipped with
cabing.

The KPCMCIA-8AO's small size and low power consumgtion
make it sutable for an armay of portable and field appications in
laboratory and industnal settings. It s especially suttable for product
testing and control applications where an input stimuius s equired
10 generate a varable-output contral signal, such as in the control of
a proportional solenoid. It is also useful for waveform generation and
voltage sourcing, which are important elements of many laboratory
appications.

News...

MODMODMODMOD

The KPCMCIA-8A0 supports Windows ‘85 and comes with the
Daqgware {tm) standard software package, which includes Testpoint
drver software. Labwview drivers are also avallable.

Daqware includes everything the user needs 1o install, configure,
test, calibrate and program a The KPCMCIA-senes card, including
example programs for all supported languages. Testpoint, availabie
as an oplion, allows the user 10 create appications without
programming. It provcas 8 drag-and-drop intertace for data
acquisition. Testpoint incorporates most commonly used
mathematical, anavusis, report generation and graphics functions,
and nciudes features for controling external devices, responding to
events, processing data, creating report files and exchanging
information with other Windows programs. Testpomnt is Kethiey's
preferred “packaged software”.

Optional Labview driver
software provides an interface to
National Instruments' Latrvew
appiicaton software. allowing the
Labvew programmer to take
advantage of software previously
developed using Labwew for
National Instruments boards

For more nformation contact
Keithiay Instruments Ltd., The
Minster, 58 Portman Road,
Reading, Berks RGG0 1EA. Tel
0118 9575666, fax 0118 9596469
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Pebats

This introduction to robotics by Harprit Sandhu explains what robots are and the
basic conditions needed to make them functional.

robot can be descnbed as a programmabie

manipulator doing work that otherwise a hurman

would have to do, in a manner at least somewhat

similar to the way a human would do it. A

washing-up machine, for instance, Is not normally
considered a robot. It washes dishes, but it does not place the
dishes in a sink, use a mop, or stack them in the drying rack
afterwards. The robot of popular fiction is @ mechanical person;
more often today, a robot resembles a part of a mechanical
person. Most shop-floor robots are the emulation of one arm of
a human bemng.

Robot arms are used to weld, package, paint, position and
assemble a host of everyday products. Parts from integrated
circuits to printed circuit boards and VCR tapes to automobiles
are now wholly or partly made and assembied by robots.

There are three distinct component groups within any
sophisticated robot(ic) system. They paraliel human functions:

1. Hardware: the body
Robot arm and gnipper: the arm and hand
Vision system: eyes

2. The computer electronics: the brain
3.The software programming: the education

The mechanical part of the robot that does the physical
work is designed to perform a specific family of tasks within a
specified envelope determined by the physical size of the
robot. The majority of the mobile robot population are
Automatically Guided Vehicles (AGVs). Their main use is the
delivery of raw matenal components. They provide an
intelligent, mobile, programmable conveyor function,

A robot arm is a series of linkages connected up to work as
a manipulator or arm. A motor controls each joint or
movement. The operation of each joint does not have to be
independent, but there are advantages to independent
operation. If operation is not independent, the computer can
be programmed so that for our purposes operation Is virtually
independent. However, this makes the task more computer-
intensive, because calculations may have to be made before
every move, and this computing time is no longer available for
other computations. Even so, the mechanism is nowhere near
as complex or fiexible as the human arm.

The modern robot arm is.a six-axis device fixed to the shop
fioor or to the machine it serves. it Is controlled from a powerful
computer, usually nearby. The computer cabinet” contains all
the logic components and amplifiers needed to run the robot.
Shop floor robots can pick up pieces that weigh over 100

kilograms (220 pounds) and place them within about 1 mm
(0.040 inches) of a desired location with ease. They can move
loads at about 1 meter (3 feet) per second and put them down
as softly as you please. Grippers or robot hands of many kinds
can manipulate and control all manner of things.

Types of robots

Robots can be divided into families according 1o the type of
work they do. The major divide is between mobile and
stationary robots. {See Table 1.)

Defining a robot

in some ways, a “robot” is whatever we agree to call a robot.
We tend 10 use “robotic” to descnbe machines designed to act
automatically or autonomously. We might calt an automated
vehicle a robotic jeep. Industnal robots are called robotic arms,
and machine vision is referred to as robotic visIon.

Robots in general:

Are normally computer-controlled.

Have components that move in some way

Have servo-motors incorporated

Have have a user interface to-allow us 10 mteract with them.
The interface may consist only of a start button or a

keyswitch

Can be programmed to do tasks

Interact with their environment with input and output signals
Handle or examine something external to themselves in

some way

An AGV (Automatically Guided Vehicle) transporting paper rolls
automatically In a tactory environment. Note the hand-held
pendant on the right, used for controlling the AGV manually.
(Picture courtesy of Rocla (Finland)/Mentor {(USA).)
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It is worth noting that though playing chess is very "human®,
we do not call chess-playing computers robots, if, however, we
were t0 add a rudimentary robot arm to manipulate the chess
pieces, a mundane task compared to the ability to play chess,
we would all agree that this was indeed a chess-playing robot.
This shows that manipulation is an important element in our
perception of a robot. Yet we often call vision systems “robotic
vision® even though no manipulations are involved.

Conclusions
We conclude that a robot is a programmable, computer-
controlled machine that manipulates products and/or tools to
do work. It can make decisions and interact intelligentty with its
environment. i can receive and send information to its
environment. It may or may not be mobile.

This is_not the official definition of a robot stipulated by the
RIA, but it sums up what the the official definition conveys:

"A re-programmable, mutti-functional manipulator designed 1o
move materials, parts, toois, or specialised devices through
various programmed motions for the performance of a variety
of tasks.” Robot Institute of America, 1979

A broader definition is: "An automatic device that performs
functions normally ascribed to humans or a machine in the
form of a human.” Webster.

Robots as workers

We humans have an overwheiming interest in doing as littie as
we can to get the job done. We design robots to improve on
the positive attributes and eliminate the negative attributes of
humans. Almost the total effort is in this direction. The essential
difference between the automatic machines of today and
yesterday is that today's machines are programmable. Today,
what they do depends on the information that we put into
them. Tomorrow, they will add inteligence, eventually massive
intelligence. They will be able to optimise their work and react
intelligently to all predictabile and most unpredictable
disturbances. Gross unpredictable disturbances can be
handled by shutting down, sounding an alarm, summoning a
human supervisor, or rejecting the part. Minute changes from
cycle to cycle and part to part are harder to handie.They are
subtle and hard to defing, detect and react t0 appropriatety.

Inteiligence

In machines, intelligence is the implementation of sophisticated
“If... Then....” strategies in which action depends on what has
already happened. This looks intelligent, but it is really ngid
logic, perhaps with some randomness, range and flexibility
added to the decision-making process. “if... Then...” strategies
can be made extremety complex - this is what makes them
useful. Today, most robot language programming is done in the
programming language C. C has around 28 instructions in 1. |
say “around 28", because 28 instructions are defined although
not all are used. There is little imit to what can be built up with
these 28 kernels, and there are many sophisticated versions of
the language. (Separate instruction sets address different
tasks). A tanguage with only 28 instructions is relativety easy to
write (or port over) for a new computer design. All that has to
be done is to impiement these 28 instructions.

Robot geometry
Two basic factors govern the motion and abilities of the robot:
the geometry of the design and the sophistication of the

software. Robots come in many shapes and sizes, and the
software is optimised to the needs of the specific robot. In
“three-space”, our everyday three-dimensional environment,
there are various ways to design a robot that will reach all
points In its work environment. As a rule you need one motor
for each degree of freedom that you want to specity. So, at
least three motors are needed to reach a location in three-
space (X, Y and Z coordinates). Another three motors are
needed to orient the hand in the three possible orentations
(roll, ptch and yaw). This is the basic universal six-axis robot.

There are some mechanical design aspects of the human
arm that we should observe:

The distance from shoulder to elbow is greater than the
distance from elbow to wrist; which is greater than the
distance from wrist to knuckles; which is greater than the
distance from the first finger joint to the second finger joint, The
distance from the second finger joint t0 the fingertip is the
smallest distance on the mechanism.

The resolution of the system gets finer as we get closer to
the gripper and the work. There are also increasing numbers of
nerves in the human arm as we move from the shoulder to the
fingertip. After the wrist, flexibility is provided by splitting the
paim, by opposing the thumb to the fingers, by removing one
digit from the thumb and by duplicating the fingers. Providing
fingers of different lengths is a further refinement.

A 5-axis, 6-motor robot arm that can lift about 1kg and run at
about 1 foot per second. This 32-inch high Rhino XR-4 robot was
designed to mimic larger industrial robots in a teaching
environment
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A Motorman SK6 robot arc-welding. The weilding rod is fed in
automatically, and co-ordinated by the robot controller. All aspects of
welding (arc detection, puddle size, depth of weld, wedling current, etc.) Electrically Operated Grippers: these are the most

can be detected and controlled by the robot controller. (Picture courtesy sophisticated type. They allow the greatest fiexibiity of use

of Motoman USA.)

This should give us a framework in which to think of the
human arm as a robotic mechanism. This arm has done most
of what we need {for millions of years. What does it tell us
about robot arms?

Industrial robots
The moves we want our robot to make are dictated by the
work-we want it to do. The design will be an expression of the
minimum capabiities needed to get that work done. The reach
of each axis, the number of axes, the capabilities of the
computer, the memory needed and the number of sensors (to
mention just some of the major design parameters), will all be
minimised to produce.the most economical robot possible
{figure 1).

Robot geometries are defined by the shapes that the
robot's design mimics, The most common robot configurations
are:

right angles to one another.

Gantry robots: Gantry robots have a robot gripper
suspended from a gantry that covers a large space.

Grippers

The design of robotic gnippers is a discipline in itself.
Sophisticated grippers have microprocessors dedicated
to their control. Aimost all gnppers fall into the following
three categories:

Vacuum Operated Grippers: these allow the robot to pick
up parts that have a flat surface. Small, gelicate parts or
large fat sheets often need vacuum grippers.

Pneumatic Operated Grippers: these allow simple open-
close control. The fingers can have many shapes and
configurations, including two-, three- and four-finger
units.

and need the most sophisticated software. They also need
the most maintenance.

Software

The most important part of the robot is the software. Software
determines what can be done with existing hardware and how
it is done. Of course, if the appropriate hardware for a task
does not exist, the task cannot be carmed out, and if the
software does not address the hardware in an appropriate way,
even approprate hargware is useless

Sensors and transmitters

Sensors that the robot employs can be located either on the
robot itseff, on the gripper, or in the robot's immediate
environment. Sensors tell the robot controlier about the robot
itself, or its immediate environment, or about what is currently
in the gripper. The robot can only take in information for which

Articulated: Articulated robot arms
act like the human arm. This is a
flexible design that allows the
most humanoid arm movements.

Cylindrical: A cylindrical .
configuration dictates a robot '
whose axes are designed to be lO
specified as cylindricat co-

ordinates. This usually means an
axis that moves up and down fike
a cylinder, and another axis that
moves in and out like a radlus
vector.

Spherical: In a sphencal co-
ordinate robot the two angles-and
a radial specification specify the
point in space.

XYZ or Orthogonal: An orthogonal
robot is an XYZ machine. it has
three sides that are arranged at

_L— 5
‘v-w
2E. 4

Figure 1: axis designations in articulated and side-arm robots
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it has the appropriate sensors, and only transmit information
for which it has appropriate transmitters. Only those things that
affact the robot and its operations are of interest to the robot
operating system. Al other phenomena are ignored.

Sensors used with robots fall into the following categories.
These are listed in “distance to robot” categories. A robot can
only receive signals from its environment through its sensor
systems. The robot emits signals to send information to its
ervironment. These can be electrical signals by wire, the
physical closing and opening of relays, specific light, sound
and radio signals or some other form of signal.

Robotics and sound

Sound is easy to generate, detect and record. Using sound to
detect distance involves emitting a specific frequency in short
bursts and waiting for the sound to bounce back from

surmounding objects. Emission and

detection are relatively time-consuming,
so this can be done only 20 to 50 times
a second.
] Sound moves across a space as a
i | series of pressure waves. If we sample a
| | | | I | sound 40,000 times a second (twice the
SLOTA a— — highest frequency we can hear), we can
SLOTE | e eaaa— re-transmit that sound, and the human
' | . , ear wil find the raproduction compietely
-~ , . ' taithful. However, less than 20,000 Hz is
LA i sufficient for rbOtCS.
1 ' Pl Signal noise (such as a bad
- - [ape— connection, or distortion) can be a
SIGNAL B - i probiem, but the biggest problem is
| normal acoustic background noise - the

: kind of noise that malees conversation in

o 00 | 10 1 | o1.1 00| 10 | 1 a noisy factory impossible. Noise

' I - - problems can ba minimised by using
high frequencies and modulating them
$0 that the signal can be more easlly
distinguished.
Figure 3: incremental optical encoder signals shown 90 degress out of phase Having our 20,000 bytes per second,
we must analyse it. The analysis is
complex and time-consuming. ft is
pretty certain that the sound will not be

deciphered neatly one byte at a time.
Some form of front end fitering is used to sort out the comect

sound so that we receive the information eficiently. Once we
know what is being said, we must decipher what it means. In
robotics, this is made easier by imiting the machine's
vocabulary. Voice recognition is already avaiable for quite small
systerns (one of ETI's contributors uses it on a PC), and
telephone companies ame using it 10 some extent.

Running motors

The two main pieces of equipment needed to control a motor
with a computer are optical encoders and power ampiifiers.
Encoders tell us what a motor is doing in terms of its rate of
motion and overall revolutions, and ampiifiers allow us to
control the rmotor by controlling the energy supplied. By
combining these with the speed of a computer, we can control
a motor very pracisely.

SIGNAL C Encoders
Figure 4: an absolute encoder disk Four are shown Robot motors are usually linked to optical encoders using an
on this disk, which would give 18 divisions n a circle. optical signal system to provide motion information. The

signais sent to the computer are usually of the type that switch
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® congidersble distance-eaures SOUE Suparvson £5 ref FAEMLD
ELECTRIC MAN PLANS, SHOCK PEOPLE WITH THE
TOUCH OF YOUR HAND! (5uet Rer FEMAL

SOLAR POWERED WIND UP RADIOS BACK IN! Theve
FIMVAM redic’s have 8 10inr DN Bnd § hand coersmed chargert 17 95
rol SCLAAD

PARABOLIC DISH MICROPHONE PLANS Lisisn 1 dmtant
soundls SN VOIDES, 008N WINGIOWS. $ound SOUCes i hard io gef o

hostle Dramvass Libdd SAMAER WCNACIODY 10 GITH dAZBA! SOUNOS
ondt iocus Tem I our S sensitve slectroncs. Plans ahc show 8
opbonel wwesisss bnk system. (et rof FAPMS

2 FOR ¢ MULTIFUNCTIONAL HIGH FREQUENCY

AND HIGH DC VOLTAGE, SOLID STATE TESLA COIL
AND VARIABLE 100.000 VDC OUTPUT GENERATOR
PILANS Operstes on §-12vd2. vy possitie expervments §10 Ref
FATT TOLL

COLOUR CCTV
VIDEO
CAMERAS,

BRAND NEW AND, CASED, FROM £99.
Works with most modern video's, TV's,
Composite monitors, video grabber cards.
Pst. v PP, composite. TBohm, 173" CCD, 4mm F2.8,
500u882, 12vdc, mounting bracket. auto shutters,
100xB0x180mm, 3 months warranty, 1 off price £119
t 1 k|

pin o 35 aftast CMEQMBM COVENNG JPETS.
SW MEROS. QU buge. char gl Pec!, Peckd. Packd 4 59 sech
SMOKE ALARMS Murs powerer. made by the tamous Gent
compary, eamy M nent 10 b SN DOWSS DOINE 4 99 ref SO
CONVERT YOUR TV INTO A vGA MONITOR FOR £26¢
Comverts 8 coions TV 10 8 basic VOA screen Compiste with built in
pou lond trd shamre Keal 0¢ WOIODS OF 8 CHIND YOOGS Supphed
n ot form for home sssembly SALE PRICE €23 REF SAM
48 WATT FM TRANSMITTER Arvecty sssembied bul some
RF inowtedipe wall Be usefid 10F 441G up Preemp req'd, 4 stage 80-
108mAz 12.18wic, can e ground Sl Yag! OF S0 €00 ref 1021
*4 WATT FM TRANSMITTER KIT Smel tut powerkd FM
tranemiier it J RF stages. Mt & sud0 Dreamo nchuded (24 rof
1028
YUASHA SEALED LEAD ACID BATTERIES 12v 15AH &t
€48 19l L OTS gnd Delow spat O T0AH #t £5 4 pair
ELECTRIC CAR WINDOW DE 4CERS Comgiete wan cabie.
phug oK SALE PRICE JUST (499 REF SAM
AUTO SUNCHARGER 156x300mm soter pangl with diode and
3 matre 160 Msa wath 8 Cige piug 12v 2eml £12.98 REF AUG 0P
SOLAR POWER LAB SPECIAL You get 2 6 8v 130mA.
oslln 4 LED's, won. buzrer. switch = 1 ey Of moner,  £7.99 REF
BA2T
SOLAR NICAD CHARGERS 4 x AA sare {9 56 ref 6°478. 21
C sire £9 55 ref OP4T7
GIANT HOT AR BALLOON KIT Budc 8 4 m ctumirence
Ay FunCBONING BREGOR. CBN DP Iunched win home meds burner §iE
Reussbie (UMl yOu Kobe &) £12 350 ref HAY
AR RIFLES .22 As wved by " Clwhide Sy fOr trasnng
pupowes. 30 there IS 8 I0t sbout! £39 95 Ret EFT8 300 pesets. £4 50
ol EFBO
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250 PORTLAND ROAD, HOVE, SUSSEX .
BN3 5QT. (ESTABLISHED 50 YEARS).
ORDER TERMS: CASH, PO OR CHEQUE
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24 HOUR SERVICE £5.00 PLUS VAT.
VERSEAS ORDERS AT COST PLUS 43 50
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INFRA RED FILM & square pieoe of Seuibie sl red fam mut wat
ondy akow 1§} aght theough  Perdect for comversng ordingry lorches,
i, headights ¢I2 10 Ml red OUEDUL ORly UBIng Standard Bght bulte
Epsity ot to shaps & square £16 ref IRF2

HYDROGEN FUEL CELL PLANS Losds of nformaton on
TrOgen storage and producton Prachicsl phins 1o talil § Hydrogen
fusl cef (900G workshop faoiles requred) £ s mf FCPY
STIRLING ENGINE PLANS imteresong sdormason peck
covenng af aspects of Soring engines. pctures of home made
enganes made rom an SOl Gl fUNNINg on § candie! £12 ref STIRZ
7”v OPE‘RATED SMOKE BOMBS Type & 8 12v 10w and
3 wrnoke will il 8 room n § very short spece
of bmet £14 99 ref SB3 Tmllmmwcmh
saruseted squpme©nt fires. eic) and 1 thgger madule for £29 ref 982
Type 188 12v 1rgoe ena 20 Wwrge osnninters (46 ref S81

Hi POWER ZENON VARIABLE S TROBES Lsehs 12vPCB
0w Wi Ps DOWSY SrObe hube end contol slectonics. 8nd 10sed
COMrol poter Parfact for g promcts. gie 70xSSmm
12vic cpsrapon. £6 o8 ref LS, pack of 10 £49 ref FLSQ
RUSSIAN BORDER GUARD BINOCULARS £9798
Probatily e Deet DMOCARNS i T wond! ring for colowr brochure
NEW LASER POINTERS & Srmaw, 75 matre rangs, hand heid undt
rung on two AA befieries (supphed) 870rm £29 ref DEC40
HOW TO PRODUCE 36 BOTTLES OF WHISKY FROM
A SACK OF POTATOES Comprerensse 270 pege book
covers o sacects of et production from everydey Malaniai.
Includes construction Setes of Lmpie wess ol £12 ref MSD
NEW HIGH POWER MiNI BUG wen » renge of up to 800
matres and 8 3 aays use from 8 PP3 tha i our top sellng Dug! e
han 1~ square and 8 10m vooe paciup ranpe  £28 Ref LOT 102
BUILD YOU OWN WINDFARM FROM SCRAP New
CADICARON Qrves S0 by step guade 1 busicing wand genersion and
propefiors.  Armed with Tvs Dutacelion and & good local 1crep yend
could male you Sl suficent ;v slsctoly £12 ref LOTSY

NEW LOWCOST VEHICLE TRACKING TRANSMITTER
WIT £29 ranpe 1 5-5 milgs. 5,000 hours on  AA belienss. renemts
i on car drection, isht $nd gt . start and Siop FRTMElion
Works weth sny good FM e £29 ref LOT10%a

CCTV CAMERA MODULES 4X(70mm, 30 geme. . 12v
100mA sulo siectronc shuller, 3 8mm F2 s, CCIR, 5120497
Dlnsis, viden outpit I8 v p-p (75 ohm) Works declly IND § S8 of
VIS0 INOIR OP § tv OF viaeD IR sensitnve £79 95 ref EF137

IR LAMP KIT Sutstie for Te above GRMra. snsbiss the camers
0 De Used I okl derivees! €6 ref EF 138

UK SCANNING DIREC TORY As supiied 1o Pobos. MOD M1S
2nd GCHON COMens. vprylfeng from secret Qovernment Fequencaes.
oo 1 Tw uey, praces. milary svisbon 4 £18 50 ret ICAND
INFRA RED POWERBEAM Hendheid betiery powesrsd iamp, 4
nch fefleci, ghves Oul DOWArt Dure nfrared Aght’ perfect for CCTY
e, rphtsghts ot £26 ref PB1.

SUPER WIDEBAND RADAR DETECTOR Dewcts tom
rsdine and lover | K K and KA bends. speed cameras, and off known
speed detection tysiems 360 .cegree coverage, front

Sesrwaveguiies 1192754 5 s ON sun vaor of dash 149 rel

CHIEFTAN TANK DOUBLE
LASERS 9 WATT+3 WATT+LASER
OPTICS

Contd b sdapind for iaser istenes, I0NQ DS COMMur=CEbons ¥
Double baarm grits Sesgned 10 it in the gun barre! of 8 tank. sech unl
has two 50rmi CONAUCIDS ier's 813 MODT ANve unay for shgnement
7 el range. 1o circust deegrams. due o MOD, ~ew proe£50 0007 ue?
£199, E8ch it hes Mo pelsum Arsende nyecton meers. 1 20 welt
1 23 well 9000 wevelsng®h. 28vac. 800NT pulse frequency. The
unia siac condmn Bh eslectioMd ICRA 10 GANCT reflacted mpnak
from targets. £196 for one Ref LOTA
NEW LOW PRICED COMPUTER/WORKSHOP/MH!-FI
RCB UNITS Compute prosschon from faully squbment for
everyandy! indng undt M it standert IEC e (exiends & by 730mm)
fOec i wid an 10 saconds. resstiest bution 104 rating (8 95
ench ref LOTS OF & pack of 10 & £49 90 ref LOTE ¥ you went 8 box
of 100 you can heve one for £2%00
DIGITAL PROPORTIONAL 8 GRADE RADIO
CONTROLLED CARS Fram wWord famous menufactuer These
&% retums 40 they wall need {usually pivy
Mmdmﬂmu”mxh_mu
£20 sach soid 88 seen mf LOTZDR.
MAGNETIC CREDIT CARD READERS AND ENCODING
MANUAL 995 Canad with fyladdl Sesxphed 10 feld SN
credl cerdsl COMENS WElh control eicroncs PCH and mamasl
Covaring sveryifeng you Could warnt 10 Know about whats. hadden i that
MAONEBE SIND On your card! Just £9 95 mef BARIY
WANT TO MAKE SOME MONEY? STUCK FOR AN
IDEAT We hewve colibisd 140 buinass mamuel st Ove YOu
iornalion On SMDNg D Gerenl DUANGENSS. YOU PErUse these of
your iemure using the Tl SOy on your PC Ao ncluded i the
tarhicems enabing you 1D reproducs (and seff) T MMarfubis it MUCh
. you Sl £14 ref EPTS

HIGH POWER DC MOTORS, PERMANENT

MAGNET

12 - 2dve CPMEEGA, (FODADYY SLOVE 14 hores power, body Mmestures
100m 3 757m with 8 0mmE S0wn ouiput shsft with 8 mechined il on
[ 8 wsang the two OrOtnding from the front

£22ea REF motd
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on and off with respect to time. The Information is in_the timing,
and there are often millions of zeros and énes to read and sort
out.

The position of a motor shaft must be measured precisety
to be controlled accurately. These measurements can be taken
with measuring devices that divide the position of the motor
into thousands of counts per revolution. Optical encoders can
divide a circle into over 1000 divisions. Combining this with
appropriate gearing to the robot arm achieves the necessary
accuracy.

Optical encoders come as incremental and absolute
encoders.

Incremental encoders

Incremental encoders (figures 2 and 3) provide two signals 30
degrees out of phase. Each signal is assumed to switch on
and oft for equal pericds of time during each cycle, as shown
below. The convention states that one compiete on/off signal
cycle represents a 360-degree rotation.

When a motor moves in one direction, one signal leads;
when it moves in the other direction, the other signal leads.
This tells the computer which way the motor is turning, and
allows it to determine the progress and position of the motor
even after many revolutions. Speed is determined by taking
two encoder counts a known time apart, and dividing the
positional difference by the elapsed time.

Absolute encoders

Absolute encoders give the position of the axis they are
connected to within a single revolution; therefore, they are
usually fixed not to the motor but to a robot arm joint, Whereas
ncremental encoders must have a known starting point to
count from, absolute encoders can provide the arm position at
all times without reference to a known start-point (see figures
4 and 5). Each nng on the encoder is divided into alternate
dark and light segments to give a binary signal. Each ring has
twice as many segments as the previous ring, prowding finer
and finer positiona! information moving away from the centre.
The nngs must be read simuitaneously. Eight rings provide a
rasolution of 1.41 degrees, or 1 part in 256 in a circle. Sixteen
rngs provide a resolution of one part in 65,536 (256 x 256), or
0.0055 degrees.

Motors

Now that wehave an understanding of how. positional

FOWER
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Figure 7: a basic “H" Bridge amplifier. In this A, B, C and D
are large transistors that act as switches. Either A and D or
B and C can be turned on at one time. Power winng is
shown as heavy lines.
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Figure 5: signals from an absolute encoder,
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Figure 6: PWM signals. Energy fed to a DC moto

SLOW

information can be obtained with the desired accuracy, we
need to understand how a motor is positioned to exactly the
position we are interested in.

With regard to the motor, there are two things you need-to
know over a period of time: how fast is t running-and how long
has it been running. With this information we can determine
what the motor has done and what it is currently doing. Add to
this the very accurate clock in the computer, and we can do
the following:

Start a motor when we want; accelerate it at a desired rate,
reach any velocity reasonable for the apphcation; maintain the
velocity under varying loads; slow the motor down as we
want; siow down the motor at-a desired rate; stop the motor at
the exact point that we want: base the stopping point an time
or on revolutions turned; base the control on internat or
external events; change the control aigonthm at will and as
often as we want,

The speed of-a DC motor can be controlled by changing the
amount of energy supplied to it. Changing the load on a DC
motor also changes its speed. The motor is stabilised by
menitonng it and maodifying the energy supplied to maintain the
desired speed. In a robot with an ever-changing Icad on the
motor, these energy corrections must be made hundreds of
times a second.

There are two basic ways of controlling motor speed
electncally: to control the voltage to the motor by an analogue
method, or to turn a fixed voltage rapidly on and off. In a dignal
system it is easier to turn the signal on and off to vary the
amount of energy sent. This technique is called Pulse Width
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PINHOLE CAMERA MODULE WITH AUDIO! Supart: bosrd
clmens willh O BOSAY SOUNd! Sxira amall st 2mm square (mchuding
mucrophore) ciealfor covert survediencs  Cih be hed0en vk Brrytheg
, wven @ matchbox! Compiste with 15 metre talbis. pey 8nd driver
connnectors. £73 96 ref CC8

BBC SELEC TORS WITH SMART CARD SLDT ANDVIDEO CRYPT
indaraabing v BN 1t T w8 075 Sedector, Ongmatly medeior the
BBC b wend encrypied video Sms 1B your VCR ot rpht Brhe, The
project seeme 1D have 'aéed Very compan unis conmstng of 8 smarnt
card siot If the font plus seversl twiiches and an R recewver. Fully
caned and massunng 730 x 430 1 90mm_ new and bowed O the beck
of the undl 18 8 8cart socist phus 8 UHF fnout ana OUDA A Channsi tuneng
control nurmbered 26 10 40 and an R sockst nkide I 8 comortheniie
tunet Lechon $Mil NG NMON MBChMNMM gng CONDTE SICTrONICS
plut 8 pOWer SUPDHY Sectan  Thieae unlis 8re 30KT 34 SINCONN DUt We
magne you couid UBs one 1D Convert @ mondor o 8 TV or Mmyte uke
Tre ideotryDt ige of tings for someng +e, Suppied compisty with
manual end msvs l8ad. Cleerance price just £5 96 ref BBCIX
INLINE RCB UNITSTive in e mirature sarth Wakage und
ingtangty shut oFf e MEMe SLCOYY In the svent of any current flowng
betwesn ive and sarth Thus Dreventng & Doltally wtnal shock 1EC
phug one end, socit the other, flled 1 seconds. reest bullion The
uiiAh Sty GBI WA WOrIDNG ON SICIONIC SOUMIPMeNt, comMpuilrs.
oip. As thess unds are itled with a0 e €C P on one eng and
SOCHIE ON the OTher Thar could even be UBed 10 eviend standerd EC
computer lgaos Pact of 3 £9.08 ref LOTSA

THE ULTIMATE ENCLOSURE for your projacts rumt be one
of these' Vel Mmace ABS screw DoaMher Dende Zase messunng 120 x
150 x S0mm Adresdy filec wilh rubiber feet and front mounted LED
Irsce i 8 DCh MIBG wath other ity and] pIoes. you May ind useful Soid
T gk 8 Dok of fve for £10 red WO1 pack of Z) for £15 #5 ref MOZ
17 WATT 12V SOLAR PANEL A sois pane sesgnec D gre @
nomawt 12y Th sowr oalis are lamangted within § high Quaility resn
malnrvsl wheeh ofers @Dt Drotecton a08Tst LY and momture
Miourtec on Sempered giess o sisurarsuT frame. The Dl 1B «deel

POCKE BN CONNECEON IS Dy scrow ivvanell Max power 17 wetts. X5
oalia, 17vor paai, AXMA02x 1 Smem 1000mMA x| g Sotar panel
2118 rof SOL4

SOLAR POWERED

O

AMFM RADIO A compact. AMFM mono
o and 8 a0k Denel that rechanges the bull-
W beflery when pleced I dINeCt MrRgt OF  Under B srong o R
fentyres 3 rotery VolumeOnOR control (whach st be wet 1D 'O for
rechangeng), AM/F M setector swilch. rolery tuneng conirol. metsl belt Gip
and sochet for e nal v OC wppty Solar Riadic I7 08 ref SR2I
WMOTOR CYCLISTS RADAR DETECTOR Now It 8 T Whister
14980 LaserRpder dstector compints with 8 spesieer lor malDroycle
Notrels. Sug wad Dand covenng KK and Ka pius weers at S30nmre/
- 10vR 380 deg 0la! PEMYTGA DFCARCRION CHMRCE v TROM Bnd VO-
2 wrwrever they come from £150.08 eof AD4
MAGIC EAR Uniiss previous ‘sound-magniiers we heve ofllred.
Megee Esr 3 unobitrnusavely bbfend 7w el @i Wagx Esrs mecro
wehnciogy B vy sdvenced. 8 bull-n mecrophons & extrerrely
serndne and Twoa's slao § volume contral 10 help you adrust 1o 8B
condons In ubd. Megc Edr I8 Urtngly efacthe TV haip you 10 follow
owary word gl conversghon even 8 @ Jntence Shd ROy Twetry.
e OF v musc wilth stunnung npw $ound Cormes Afied weth 3 fong
Me Dattecies MO tirvl DOLCN Dl & Chaicy O 3 Offerynt sdr Discen
cespned o it ol sheoes of et Magr: eaw [16.99 ref MAGED
RADIO METER Perhaps e bes! of The scabntic krech-&rgcts of
the pat and wall for rarvevedt Fi "G scotheng and edh-
cobonsl IN The vECUUM Mde The veriid Duld) P CORtIner e venes.
revove, drrven round by aght partcies. slone! (sech vene 1 bisch on
one wde whils on e Other] Radiometer 998 rof SC1208
SATELLITE NAVIGATION £119 The GARMIN- GPS 38~ i3 0w
Ohe MMQEDONS 1004 for e Greet oustoors that offers beg festures »
8 small, hghteing! 0o - ol Bt B truly oros Mark your
fevorte fisheng Spol. Tee standd or carmp e OF ST BoE YOU FMRD8 DacH
1D the salety of your stardng pomt usng our o - fisw TracBeck featune:
The GPS 38 shows you SXRCTYY Whers yOu @), where yOu' v baen and
whers you're going  The GPS 38 faturts sisy, OM-IhUmD CDSFINON
) wasghe ondy 2550 There's & ressBable Y@ OSOMSEN, Qraphic
COMOEEE’ Snd MQhemyy stearng guadance And ] provdes up 0 20
hours of uss on @ set Of 4 AA DERrEs.  The GARMIN GPS M The
sforoates wary 10 bring you back £115 ref GPS1
DIFFERENTIAL THERMOSTAT KIT An slectrons vedf ae-
sembly It designed 10F Use I\ solar heaBing SyStema, hpdt PECOVErY
systers iz The pnncapis of B bt ip 29t B has hwo thermesions that
570 DiBCEd OF T ABMa 10 be Mestured Typecaly o soly penel and @
welsr siorege tank) T contolied e OOBIMIEE & Teley & The tma
one mpersture i hagher then e other, The lemoetiture Ofisrence
B scustatie A tyDical Use wondd be D opersts a pump o the tme &
solar Ol was 8 @ NGNS BMOKEtre TN e Wite” LIrage ek
Differential thermostat kit €29 ref LOTES
10 WATT SOLAR PANEL Amorphous sioon panl f0ec i 8
BSOS Shumineum Trame Pany! rrassures T by 1° wth screw termi-
neis for easy connecBon One Of Twte DMl WAll FUN OUr SOM wiglnr
punp m Al gURkght SRhOUGN We WOuld recOm Tend thet 10f GORTUM
PErOMBNRCE WO DENGI Would Da prefereabis 3'x 1" solar penel £58
rod MAO4S
12V SOLAR POWERED WATER PUMP Perfect for mery 12v DC
uBSS. rENgINg PO SOM Tauntaers. 1D My Smadl andd
yot poverkd Wil work. direct from o 10 waft scker perl v DO
suniight Max heed (7 A Wigx flow rete: 8 1pm Current -1 5A (Ref ACS)
f1a 9%
BOOST CELL PHONE RECEPTION ON THE MOVEI
Compared \0 hgh-powered carphones. hand-portabie mobis DOnes.
N1 shviys Work Ino wad 1 MOWNG vehcies. Somebmes the ugnal
‘Grops oul dunng soall. other triid Bwii 4’8 100 MUCh MIBrErence 1D Oat
wrough of i MHowevet, The sffordable Call Peich provides 8 magor
o '] PNl "eOeption without wares. o
ballartes. The 5 19 5¢m (3 3 X 4.5) mucrothen antenns adheres D
YO e wandcw Surtisor, Kisally wilfen 61-12726m (2-4) of Tw handuet,
O 0o be Ceme M 3 POt Works wen g types of portatie celuler
prone Call Paich (1196 ~of CELY
CAT SCARER produces 8 bisniet of high soric and iow ultrssonic
sound, which i neudibie 1o humans. birds and ek - 80 R 15 1088 whare
YOU WL 1D DroReCt your bind tabie or fieh pond agarms! fslne DrecNore
Rl GEte¢ CHtL rOM yOur QINGeN Snd other prolected srees. R wil slso
deler foxes masns operated, 10 m of cabls Runmeng cowt will be
apprommately | P pav day, Garden welcher £42 45 el W2

VIDEO PROCESSOR UNITS 7/8v 10AH BATTS/24V BA
T MOt ko sure what Tw function of these unds. i but they certsnly
maie gOOA $OCen! Measures JMDCI0X 120mem. on e front sre
controis for scan PN, 308 delgy, ecen mode, loeds of connections
on the ram, vsace 2% 8+ 10AM sesied lead acx) betls. Polf's #nd § 8AT
24v Wrrounl Tarsiorme: (e i) s0kd @8 888N, My have one OF
two broken Khobs 45 due 1D POOF 4ICreQe £9 94 el VPX
SCLAR MOTORS Ancther now B R US 70 ese Wy MO
which run quils hpgly Of voliges FOmO-SI0c We hve trad one
on our B amorphous 8 penels and you can Nuh therm Fom Tw sund
o oa Xomen tuck £1 50 emoh
TELEPHONES Just in Ths weelt © 8 huge debvery of tlephonss.
ol brand mpw gng bomed Two pesce constructon with the IoBowing
foshures- Mufunatind MIYDad, rC¥ CHEBM SAEY 1D USs VDR, One or
ouss (pedichabin). rescell. recks and pluse. NOhAGW & off QN
wach end qualty conetruction Each tsisphone i fnahed i emert
o white aolour SnC 1B SUCORND With § wLancerd sismasons! ised
(aame as LS or modem card socists)  you weah 10 heve 8 BT eed
WIOOAEG 10 SOVt the DhoNes thene Bre slac evisabie L1 58 ebch
ref BTLX Phones T4.00 sach rof PH]

INFRARED CAR PHONE KWIT £7.95 mwrestng box of
QOOdS! T Kt war Jespned I convert car Phones 1D srubis hnal
froe Suling T KE COMENG T foacwang R 1) A weybed demgned
1 mount in e contra of Te siwenng whtel £ reuwres 3 Bv PPY
batary #nd [ransmds the nymbers usng Tree on board hgh power
nive red LEDS 140 X 120mwn 7) An nita red recenar modute
compirang 8 R photn dibde, IR fller and COMIDL siectroncs 80 1 30
2 15mm (cassd) 3) Coneros ben (neos caser) 100 ¢ 170 2t 36mem whuch
we understend B the nlerface Difvepen T Ny red 8 Tw COr
prone, & I 880 Su000sed) 19 edkust the volume Of your car sieres 8
Tw same e mate for Phaips cer phones (Bt we don inow the
model)Cosples ks 8 £7 99 ref CP|

Hi power 12v 140 SIFODe vibrdhio PR avhe: MOSUNN 00
tubed COURSN 12v PCH fMIed waith control slectronecs and & poweriul
Ranon wbe it soply 12vDC  Te NOUt &nd Me Wb wil Agar Om
e 0aerd 58 Smad pOMNRomEtr which oan be used 1o vary e fesh
it PCB Mutiaes pat Yx $4mm and could be neomonaied o
meny mesresting proects) £8 ref FLST Pack of 10 B £45 ref FLEZ
WANT TO MAKE SOME MONEY7 Stuck for on 0887 We
harve colisied 140 buseoeds MMl Tl OAe you nlormgbon on
seng yp different DuBNesIss. YOU Deruse Thene B YOUF Naure
usatg) 1 Yext ecior on your PC Adao nchucdied i 8 certhcate

you 10 FEOIO0UCS T MENUSE 88 Much 88 you el 14 ref EF74
TALKING WATCH Yaa. it sctualy tiis you the tme st the push
ol buton Axo lsstures @ vome alerm that wakes you Up Shd teds yOou
what O e & Liwarn coll nciucied £8 99 ref EP2SA
POWERBEAM INFRA RET Lamp A Pia i Qheos O & wdrl red)
g, of el " reght tegy

squDment Mokl mono OCTVY woen caomerss are nirs red senvtve
W used M COMUNCDON Wa Tha MO WOl Jrestty eNRANCS Trewr
apergng perormence Weler retatant case Snd fubbly COvEred
SACH MaD P unt Darfact fr o8 westers Krypton bul 40 cells
requered Powerbeam lamp £ ref P81

GIANT SCREEN VIEWER ' urm your TV picturs 10 8 Supsrrs
scresn! Thug Ngh precipion Fresne! lsrs converts sven the smslest
Soresn up 10 & Maave 2, Qg 8 orysta clegr Decture St  Tacton
ot the cost of @ big TV. Esndy Miex! in menuten Ao eal for PC
mondors e (20 96 sl SVGAZ
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switching of the transistors is very rapid but not instantaneous,
overlap is a-nsk. Logic circuits in the amplifier should ensure
that this does not happen.

A servc-motor. must respond to commands within certain
parameters to be useful in a robotic application. A motor would
not bé performing its job if any of the tollowing happened;

It does not turn on immediately when power is applied; it does
not stop immediately when power is removed,; it does not
move as fast as It needs o, t moves faster than toid to; its
operation 1§ not repeatable.

Motor control schemes should ensure that none of this occurs.
Otherwise, the system should detect it and warn the operator.
Usually, when the error between what the motor is supposed
to do and what it does exceeds a certain number of encoder
counts, the condition is flagged as a performance error.
Nevertheiess, there are always delays between an event, the
taking of readings, their interpretation, and initiating corrective
action.

Figure 8: motor turning in one direction

Speed control
The control of motor speed by the percentage of time the
motor is switched on {figure 10) is done with software. As the
motor turns, the encoder counts go to a counter that the
computer reads whenever it needs to. The computer uses that
information, and the time from its internal clock, to change the
pulse width to the amplifier to maintain the speed and position
of the motor.

What follows here is an English-language-iike program to
maintain a motor speed with the integrative function only:

i

Label 1
Figure 9: motor turning in the opposite direction Read the position counter
Compare it with the last
reading
Calculate the' motor speed
Modulation (PWM). The length of the energy puise ts modified It it is faster then desired, lower
in each cycle (see figure 6). if the signal is on all the time, the the cumment
pulse width is long, and the motor runs at a high speed. If it is If it is slower than desired,
on half the time, the pulse width is 50 percent and the motor increase the cumrent
runs at about half speed. If it is on none of the time, the pulse Take care of other functions
width Is zero and the motor remains off. Go to Label 1
The motor must be switched very rapidly for smooth
operation. About 200 times a second (Hz) is enough for most The computer code will look iess fike English, but will fulfil
motors, because the mass of the motor and its attached the same function.
components averages out the speed. However, these are The control loop consists of a series of expressions
frequencies that-human beings find very annoying when representing. the proportional, integrative and derivative

something loose in the motor windings starts to vibrate. An on-  components of the energy needed by the motor. This is a PID

off frequency above 20,000 Hz is usually chosen. 40,000 Hz

takes it above the hearing range of most domestic animals as

well. . ] ]
2% —l_—

The PWM amplifier | ! !

The basic PWM motor amplifier is an H bridge (see figure 7). o _J—I'_L | I

In this bridge, if transistors A and D are turned on, current — — =
flows in one direction in the motor windings, and the motor

i 1

runs in one direction. If A and D are turned off and transistors e __l 205
B and C are turned on, the current flows in the other direction _ | | I !
and the motor runs the other way (figures 8 and 9). If 100% J | | ! L

transistors A and C or B and D come on together, there is a
direct short circuit from power to ground, destroying the

amplifier. i is crucial that one set of transistors is shut Figure 10: the PWM duty cycie. One cycle is shown.
compietely before the other set comes on. Because the
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equation, and we often refer to this
form of contral as PID control. it is
mportant to know that having three
components allows better control
of a motor.

The motors used to control
robots are called servo-motors
{see figures 11 and 12}. “Servo”
(derved from Latin servus, a slave)
expresses the idea that the motor
takes orders from a changing
signal, here called an error signal. In
effect, the motor responds to an
error signal by trying to make the
signal disappear. Whatever the
motor is connecled to affects the
magnitude of the error signal, and
the motor is made to work or move
in the direction that will reduce the
error signal. An external (to the
motor-load) device is also able to
manipulate the error signal. Since
the motor is designed to follow the
signal, we can make the motor do
useful work by programming the
error signal,

ACTUAL
POSITION
INFORMATION
\ DESIRED
€ ~osimon
COMPARATOR INFORMATION
ERROR
' SiaNAL
POWER

AMPLIFIER

Figure 11: motor feedback scheme schematic

We can now tell the motor
exactly when to start, how fast to speed up, how fast to run,
how long to run, how to slow down and exactly when and
where to stop. We can tell the motor to repeat the cycle as
often as we like, we can cycle it just once, and we can modify
the cycle at will while the.cycle is in progress. This allows us to
make the operation of the motor dependent on any condition
within the controlling computer or on any signal that can be
read by the computer.

In current technology, electric motors are put into motion by
creating opposing and attracting magnetic fieids. The magnetic
fields are manipulated sequentially to rotate a shaft attached to
the rotating armature. Since at least one of the magnetic fields
is created by passing an electric current through a winding,
and we can control electricity, we can control the motor by
controlling the electricity through its windings.

The following motor designs are suitable for robots:

Rotating Servo-motors: these are usually DC motors with a
position encoder attached to the motor shaft, usually an
incremental optical encoder, to provide a feedback signal
giving the position and speed of the motor.

Linear servo-motors: thase use the same technology-as
rotating motors, except that their armatures and fields are
arranged in a straight line rather than a circle. Imagine cutting a
regular motor along a radial plane, opening it up and laying it
flat on the table. (Don’t try this at home!) The field, the
armature and the commutator are in straight tines, and the
motor armature moves across the field in a straight fine.
(Appropriate physical constraints and guides are added.)

Stepper motors: these move through a small segment of a
circie each time the current to the motor is changed. There are
several iIndependent windings in the motor, and usually a
sequence of four electnical changes. The motor moves a step
during each change. There are also half steps and micro steps,
created electronically. Stepper motors usually move between

0.9 and 15 degrees per step, and they do not normally need
feedback encoders, as we can count.the maotor's steps as we
send them. However, if the motor is overloaded, it can slip, and
the count will be compromised. Stepper motors usually have
low speed and low torque characteristics. Their main use is in
office . machinery and other low power applications.

For the motor movement to be predictable, it is made to follow
a trapezoidal profie (figure 13): the motor accelerates at a fixed
rate until it reaches its operational velocity. It then decelerates
at a fixed rated untii it stops. The computer calculates the
energy needed by the motor to do its work.in the time
required. Motors operating in synchronisation with another
motor must accelerate and decelerate for the same length of
time as the lead motor to keep their encoder counts in synch.

For very short moves, there is no constant speed operation.
The motor accelerates, decelerates and stops, never getting
up 10 the running speed. This move profile is called a tnangular
(three-point) move.

it is very hard to run a motor at a very slow speed. Imagine
trying to run a motor at one revolution per day (gears not
allowed). it we wanted to adjust the speed every second we
would need 24 x 60 x 60 = 86,400 encoder counts per
revolution 1o get one count per second, and we probably need
1000 thousand times that for smooth motion. Let's assume an
encoder that gives the minimai 86,400,000 counts: if we also
wanted 1o run this motor at 3000 revolutions per minute at its
top speed, we will need encoder counts for 3000/60 x
86,400,000, or 4,320,000,000 counts per second. Though not
impossibie. this causes problems. Minimum speed, maximum
speed and encoder counts are interrelated.

For a motor in a servo application, we want to define a top
speed that wall use less than the maximum energy the motor
can accept. For example, if we want t0 run a device at 100
rpm and we have geared the motor to the device with a 20:1
ratio, the full speed of the motor will need to be 2000 rpom to
achieve the speed we want. It Is desirable that this full speed
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be attained when the motor is being given as little as 25
percent of the energy that it can readity accept (without
overheating or having other operational probtems). The rest of
the energy will be applied when there is a load on the dewvice.
This gives us the reserve power we need to meet the load
demands of the application. A 25 percent duty cycle is-not a
magic number - the percentage would depend on the load the
device was designed for. There must be plenty of reserve
power 10 allow the system™o be fully compliant: a compliant
system is one that can do what we tell it without running out of
any of its performance parameters.

As the need for power increases, the size of the driving
transistor increases. A large transistor is, very roughly, a lot of
small transistors in parallel. You can control a larger current by
putting 8 or 10 small transistors in parallel with one another.
This Is tolerable in & hobby situation, but not in a commercial
application, where special transistor arrays with safety features
added and designed specially for controling motors are used.
(See figure 14.)

We need three basic inputs to control @ motor amplifier: a
signal to enable the motor ampilifier; a signal to seiect direction
of motion
(forward or
backward); and
a signal to
determine the
percentage of
full power
applied (the
pulse width).

A signal to
enable the
rmotor ampifier
is important to
ensure that the
ampiifier will remain turned off till the computer has come up 10
a stable condition and is ready to controi the motor. This is
specially important with a robot motor, because the motor
must not move until we are absolutely ready for it, or damage
may be done. This is achieved with fail-safe electronics and
tying other signals to ground potential until they are ready to be
released.

1/40,000 SECOND

-

UL

PWM SIGNAL

FULL VOLTAGE

QVOLTS

Figure 14: power applied to motor

Model aircraft servo motors

Radio-controlled modet alrcraft use tiny servo motors,
positioned by converting the length of pulse fed to them_into
the position of the servo’s output shaft. These servo motors
consist of motor, a gearbox, a potentiometer and a small
integrated circuit, The ic converts the length of the incoming
pulse to a desired output shaft position {represented by a
shaft-mounted potentiometer). If the position of the pot does
not match the desired shaft position, the motor is turned
forwards or backwards till the pot reaches the desired position.
The current to the motor is then turned off. The situation is
monitored constantly, so that correction is taking place all the
time. (See figure 15))

The positioning accuracy depends on the accuracy of both
the pot and the pulse length. A resolution of about half a
degree can be achieved with most model aircraft servos.

These servo motors run on three wires: the power ling, the
pulse signal line and a common ground. As mode! aircraft
servos operate Dy converting a known pulse width to a motor
output shaft position, they are relatively easy to use if a source
of short puises can be created. This is quite easy with the

BALL SCREW

Figure 12: components of a typical servo motor
installation. Gearboxes are usually uvoided to eliminate
backlash problems.

ﬁ CONSTANT SPEED PHASE
SPEED '

DECELERATION:
ACCELERATION

START STOP
TIME D

Figure 13: a trapezoidal motor move

- GEARBOX

CONNECTOR

~ELECTRONICS

MOTORA

Figure 15;: model R/C servo-motor

small single chip microcomputers now on the market. These
inexpensive units ara suitable for robotic expenmentation,

My book “Introduction to Robotics” from Nexus gives
detailed plans. and instructions on how to build and ‘program a
walking robot with such motors.)

Cover: Tha Mitsubishi. RV-E2M Movernaster, a small
sophisticated table-top robot with a positioning “teach”
pendant and controlier. (Courtesy: Rixan, US Mitsubishi
disnbutor.)
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Three-Range

INDUCTANCE
METER

A partner to last month’s Capacitance Meter, Robert Penfold’s Inductance Meter is
straightforward to calibrate and needs no scale recalibration.

his inductance meter is a companion project to the
capacitance meter published last month. Like the
capacitance meter, it is very easy to calibrate and
use. Only one inductor is needed to calibrate the
unit, and no recalibration of the meter's scale plate
is needed, because the unit has finear scaling. The three
ranges have full-scale values ot 1mH, 10mH, and 100mH,
which enables a wide range of inductors to be checked. This
includes high value components for use in audic fiters. medium
value inductors as used In switch mode power supphes, and
many of the small chokes used in radio frequency circuits. The
unit cannot be used to measure accuratety very low value
chokes of less than about 22uH in value, but these are little
used in practice. They are ddficult to measure accurately
because the inductance in the leadout wires and test leads is
quite significant in relation to the value of the components
under test. In fact, the inductance of a very small choke can be
considerably less than the inductance of its leadout wires!

it is only fair to point out that there is a slight problem when
trying to test Inductors, which is that their inductance s
invariably frequency dependent. Most inductors are designed
with a specific frequency range in mind, and tend to have
generally lower values outside that frequency range. In this
case, the inductance Is measured at afrequency of just aver
10kHz, which gives good results with medium to high value
inductors as they are usually designed for optimum results at
low to medium frequencies. Results with radio frequency
chokes may seem 10 lack accuracy because the untt 1s
measuring the inductance at a frequency that is below their
designed operating range. The meter is gmng accurate results,
but at an inappropriate frequency. Readings obtained when
measuring high frequency chokes must therefore be treated
with a degree of caution. This is a problem that is common to
most inductance meters and bridges incidentally, and it is not a
shortcoming specific to this particular unit.
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System Operation

As can be seen from the block diagram in figure 1, the
general make-up of the unit is quite similar to that of the
companion capacitance meter project. It operates in essentially
the same manner, but things have to be swapped around
slightly in the amplifier stage at the heart of the circuit. This
compensates for the fact that the impedance of an inductor
nses with increased value, whereas the impedance of a
capacitor reduces with increased valye.

The oscillator stage of this circuit is simpler than the
equivalent stage of the capacitance meter. As before, the
accuracy of the unit depends on the oscillator providing a
reasonably pure sinewave signal, In the capacitance meter, the
oscillator operated at about 100Hz, and the sinewave signal
was generated using a triangular waveform generator plus
some lowpass filtering. In this case a much higher frequency of
about 10kHz or s0 has to be used, because the impedance of
the test components are Impracticably iow at lower
frequencies. There is potentially some advantage in using a
higher test frequency, but the operational amplifiers in the
circuit do not perform well at much more than about 10kHz
and this was found to be a good compromise figure. The
signal is generated by a Wien oscillator, which has the usual

thermistor stabilisation to ensure good resuits. Although
simpler than the filtering method, using a Wien 'oscillator is
more expensive, However, at the higher test frequency of
10kHz a Wien osciliator seems to give more consistent results,

An inverting amplifier receives the sinewave signal, and a
negative feedback network governs the closed loop gain of this
circuit. This is a two-section network that has one of three
switched resistors forming the input arm. These resistors
provide the unit with its three measuring ranges. The inductor
under test provides the other arm of the negative teedback
network. The voltage gain of the circuit is equal to the
impedance of the test inductor dvided by the resistance of the
input resistor. At a fixed test frequency, the impedance of an
inductor is proportional to its value. For example, if a 10mH
inductor has an impedance of 10k, a 5mH inductor would
have an impedance of 5k, and a 1mH inductor would have an
impedance of 1k. Suppose the input resistance has a value of
10k, this would equate to voltage gains of 1, 0.5, and 0.1 with
test vajues of 10mH, SmH, and 1mH. Of more importance, if
the output voltage were 1 voit with a 10mH choke, it would
respectivaly be 0.5 voits and 0.1 voits with 5mH and 1mH
chokes. In other words, the AC output potential is proportional
to the value of the test component

The output signal from the

amplifier is fed to a precision half-
wave rectifier and a moving cofl
meter. These form a simple but
accurate AC voltmeter drcuit that

Figure 1: the block diagram of the inductance meter.

INVEATING
METER AMPLIFIER
PRECISION RANGE
RECTIFER [+ 99— <+ ¥ RESISTORS [ *] OSCILLATOR
S N
-
TEST
INDUCTOR

has good linearity. The meter
responds to the output voltage from
the amplifier, but as already
explained this voltage is proportional
to the value of the test component.
With the nght voltmeter sensitivity,
test frequency, and so on, the meter
will read directly in terms of
inductance, and the scaling will be
linear. This avoids the need for any

SINEWAVE
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Figure 2: the tull circuit diagram of the Inductance meter.
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recalibration of the meter’s scale plate, and renders the
calibration process very easy indeed.

Circuit operation

The full circuit diagram for the inductance meter is in figure 2.
The Wien oscillator usesJdC1 in the conventional arrangement
with the positive feedback provided by R3, R5, C3, and C4.
These set the operating frequency of the sinewave oscillator at
about 10.7kHz, Negative feedback Is provided by R4 and THT,
with TH1 stabilising the output level of the oscillator. Precise
controt of the negative feedback is essential if a low distortion
output signal Is to be obtained. Siightly too fittle feedback
results in strong oscillation, and the output signal becoming
heavily clipped. Fractionally too much feedback causes the
oscillator to stall and the output signal to cease.

Thermistor TH1 is the usual negative temperature coefficient
type, which means that its resistance falis as its temperature
increases. Unusually, it is a self-heating thermistor that is
contained in an evacuated glass envelope so that it is, as far
as possible, isolated from the armbient tempaeratura. At switch
on TH1 has a low temperature and therefore exhibits a high
resistance. This gives relatively fittle negative feedback, high
closed loop voltage gain from IC1, and strong oscillation, A
strong current flow through TH1 results, causing its
temperature 10 rapidly increase. This produces a reduction in
IC1's voitage gain, and the oscllation decays-to a low level,
Now there is reduced curment flow through TH1, its

temperature decreases, and the circuit oscillates more strongly.
After a certain amount of seesawing, the output level tends to
settie down and stabilise due fo what is really a simple form of
negative feedback action, The negative feedback stabilises the
output level very efficiently, counteracting changes in output
loading, the supply voltage, and so on. An output level of
approximatety one-volt RMS is produced at the output of IC1

IC2 is the operational ampfifier that forms the basis of the
inverting amplifier stage. R6 to R7 are the three range resistors
and S1 is the range switch. R6 to R8 respeclively provide the
1mH, 10mH, and 100mH ranges. Using an inductor in the
negative feedback of an operational ampiifier tends to produce
problems with instability, and can easily lead to strong high
frequency oscillation. There are no major instability problems
with this circuit, but #t is necessary to include R11 to damp the
test inductor slightly. Otherwise the circuit is apt to break into
oscillation on the 100mH range. IC2 operates open loop with
no test component in circuit, taking the meter beyond its full-
scale reading. While this is unlikely to cause any damage to the
meter, it is a possibility can not be completely ruled out.
Therefore, S2 is used to place a short circutt across the test
sockets.until a test component has been connected across
SK1 and SK2. S2 is then operated, removing the short circuit
s0 that a reading can be taken.

The precision half wave rectifier is a very simple type that
uses IC3 as a non-inverting amplifier. The circult is basically just
a standard DC non-inverting circuit, but IC3 does not have a
negative supply rail. Consequently, positive input falf cycles
appear ampiified at the output of IC3 in the normal way, but
negative half cycles are not produced because the output of
IC3 can not go negatve of the 0 volt supply rail. The output
signal from IC3 is therefore a slightly amplified and half-wave
rectified version of the input sighal. This signal is used to drive
a simple votmeter formed by R15, RV1, and ME1. RV1
enables the sensitivity of the voltmeter to be varied, and this
enables the unit to be calibrated.

With 83 set to the right hand position ME1 operates as a
simple voitmeter which measures the battery voltage. The full-
scale sensitivity of this circuit is nominally 15 volts, This
provides a simple battery check facility, and the unit will only
produce accurate results if the supply potential is-more than
about 10 volts. The current consumption from the 12-volt
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FTre 3: the component layout for the 50-hole x 20-
strip stripboard panel.
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Figure 4: the underside of the component panel,

battery supply is about seven or eight milliamps, which gives
an extremely long battery life. Note that a regulated supply 1s
unnecessary because the thermistor stabilisation prevents the
output levei from IC1 changing significantly withrvanations in
the supply voitage, and the clgsed loop voltage gains of IC2
and IC3 are also independent of the supply potential.

Constructors of this project should note that the operational
ampiifiers used in this device were chosen after careful
consideration,. and are not random.choices. The device used
for ICY must be capable of provding a good quality sinewave
signal at 10kHz Into a fairty low load impedance. The ampiifier
used in the IC2 position must have high enough performance
to give good resuits, but should not be so ively that instability
becomes a major probiem, It must also be capable of stable
operation with less than unity voltage gain. The device used for
IC3 must be a type that is suitabie for use in a single supply rail
DC ampilifier circuits. Using alternative devices for any of the
operational ampilifiers in this circuit is likely to result in it faling
to work property.

Construction

This circuit is simpie enough for stripboard construction, and a
suitable layout is provided in figures 3 and 4. These
respectively showthe component and copper side views of the

board, which measure 50 holes by 20 copper strips.
Construction of the board follows along the normal lines, with a
board of the correct size being cut out, the necessary breaks
being made in the copper strips, and the two 3.2 milfimetre
diameter mounting holes being dniled. The components and
link-wires are then fitted. The CA3140E used for IC3 is the only
static-sensitive component, but | would recormmend using
holders for all three integrated circuits. Resistors R6, R7 and
R8 should have a tolerance of 1 percent so that good
accuracy is provided on all three ranges. Thermistor TH1 has a
glass encapsulation that makes it relativety fragile, and it should
therefore be handled with care. It is probably best 1o fit this
component last of all. The RAS3 thermistor is also available as
the R53, and either will work property in this circuit. It is quite
an expensive component, and it seems 10 be worthwhile
shopping around to find the best price.

The prototype is built into a small metal instrument case of
the same size and type that was used for the capacitance
meter project. The general layout of the unit is much the same
as for the capacitance meter project, and the front panel layout,
is virtually identical. The only difference is that pushbutton
switch 52 has been added between the range switch and the
panel meter (see the accompanying photographs). Note that
S2 is a push-to-break switch, and not the more common
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because close tolerance inductors do not
seem to be readily available. In fact most of
the ‘rnductorscgrenﬂy on offer have a
tolerance rating of some 10 percent.
Probably the best choice for calibrating the
unit Is a 10mH type 8RB inductor {as sold
by Cirkit Distribution Ltd.). This component
| has a five percent tolerance rating, but five
percent is the guaranteed maximum efror.
Actual components tested were all well
within the tolerance fimits.

To cafibrate the unit set S1 to the 10mH
range {the middle setting) and connect the
10mH calibration component to SK1 and
SK2. With 83 set 1o the “inductance”
position, press S2 and adjust RV1 for
precisely maximum reading on the panel
meter. The unit is then ready for use. Bear
in mind the warning given earlier about
testing high frequency Inductors. With

push-to-make varety. In general the exact layout used is not
critical, but try to keep the leads trom the circuit board to the
test sockets (SK1 and SK2) as short as possible.

Details of the hard wiring are provided in figure 8, which
should be used in conjunction with figure 3 (for example, point
“A” in figure 3 connects to point *A” in figure §). This wiring is
straightforward and should not present any problems. S1is a
standard three-way four-poie rotary switch, but in this circuit
onty one pole is used and 12 of its tags are ‘eft unconnected.
The battery pack consists of eight HP7 {AA) size cells fitted in a
plastic holder. There is just about enough space for the
batteries inside the case, but the holder will probably have to
be fixed to the rear panel or top of the case using double-
sided adhesive pads. Do not simply leave the battery pack
rattling around insidle the case, as it would probably damage
thermistor TH1. Connections to the battery holder are via an
ordinary PP3 size battery clip.

Many inductors will connect direct to SK1 and SK2 without
any difficutty, but some components have very short ping rather
than leads. It can be quite difficult to make the connections to
these, and the best solution is to make up a pair of test leads
fitted with the smallest crocodile clips you can obtain.
Anternatively small probe-ciips can be used. The test leads
should be as short as reasonably possible so that they add a
minimal amount of inductance in seres with the test
components

it is not difficult to remove the scale-piate of the meter and
add figures to suit the 1mH and 10mH ranges (the existing 0
100 scale is comrect for the 100mH range). Normally the front
cover of a panel meter simply unclips, and removing two tiny
screws then frees the scale-plate. Rub-on transfers can then
be used to add the new numbers. As it is not difficult to
mentally convert readings on-the ThH and 10mH ranges into
measured values, and moving coil meters ‘are easily damaged,
it is probably not worth the risk and effort involved in aitering
the scale-plate. If you do decide to modity the scale-plate,
proceed very carefulty, (n particular, avoid touching the meter's
pointer and try not to get any dust into the meter movement.

Calibration and use

ideallty the unit should be calibrated against a precision
inductor having a tolerance of one percent or better. In practice
a lower tolerance component will probably have to be used

these components the measured value at
10kHz is likety to be slightly different to the marked value.

| XN 4

47u 16V

10n polyester
1Cu 25V radial

100n polyester

ctors

;
:
i
:
1
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RADIO INTERFERENCE
FILTER for VHF
High-Band Receiving
Antenna

Reception can easily be swamped by
legitimate strong transmissions nearby,
particularly by radio-paging. This filter
has reduced the problem dramatically
for designer E Chicken MBE FIEE
G3BIK.

his article describes a low-cost filter of

straightforward construction, designed to remove

or substantially reduce destructive interference

from strong local transmissions in the 120-

150MH2z range, such as interference to amateur
radio reception in the 2metre band, or 10 reception of
weather-satellite or air-traffic signals.

“Swamped”

In some parts of the UK, legally authorised radio
transmissions on frequencies close to the edge of the
144MHz amateur band can make reception of amateur
transmissions difficult due to close-proximity swamping
effects. For example, in my own locality, reception of 2-metre
low-level signals front the Russian space-craft MIIR suffers
badly from a nearby Home-Office radio tower. This does not
imply that such transmissions are in any way at fault. it is
simply a technological fact of life that the rf input stages of
aven the best receivers can be swamped by strong local
transmissions, especially on adjacent frequency bands,
Similar problems can also be encountered if you enjoy
listening to air-traffic signals. And if you were to mention the
word “radio-pager” in the presence of the 2000 or more UK
weather-satellite receiving enthusiasts, you rmight be told in no
uncertain terms to go wash your mouth out!

The reason for this powerful aversion to modern paging
systems among 137-MHz weather buffs is that since that
band was assigned to digital paging in the UK, weather
picture signals from low-orbit satellites have been suffering
severe interference throughout the UK. The very nature of the
pager transmissions, coupied with the nationwide distribution
of thair radio-sites, has made this a very difficult problem to
deal with, to the point where NASA may have to change a
frequency on its proposed new weather satellite.

Many long-established weather-satellite receivers have had

The interfor of the Interference Filter

to be redesigned to combat this new and destructive
interference. In truth, my own recesving set-up does not suffer
100 badly, but only because it is a modified ex-pmr
commercial recelver of very high technical specification with a
highly selective multi-stage tuned rt input circuit and very
narrow IF bandwidth. Aithough its narrow bandwidth causes
some loss of detall on the received images, in practice the
definition of cloud and land has up to now been adequate for
my purposes.

Recently, however, foliowing the announcement of extra
frequencies for further planned sateliites, and bearing.in mind
the cost of extra crystals for my ex-pmr set, | decided as an
experiment ¢ modify a domestic VHF FM radio-tuner bought
as a bargain at the local car-boct sale. 4 re-tuned it to recewve
137-MHz weather sateliite transmissions.

It was a quality product with a tuned rf stage preceding the
tuned mixer, and the usual upper limit of 108 MHz prior to
modification. Results were encouraging, with sensitivity
sufficient to give full background quietening by the satellite fm
signals, but, alas badly disrupted by radio-paging
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A good commercial filter beside the Interference Filter giving a size comparison. An unusual feature of our design is the third timmer
capacitor, which can resonate the link-loop itself for optimum signal transfer at the required frequency.

transmissions even though my nearest tower is some 1.5km
away! Now' | knew how my fellow Wefax enthusiasts really
felt!

The problem of co-channel interference is not in itself new.
It is and has always been of major proportions on commercial
radio-communication sites, where receiving antennas have to
share the same tower as transmitting antennas on adjacent
frequencies. One effective and often-used cure to that
problem is the instaliation of a sharply tuned band-pass filter
such as that iflustrated in figure 1, in line with the receiving
antenna's coaxial feed-cable at the point where it connects 10
the receiver. Based on that knowledge from my professional
experience, a similar fiter was constructed using readily
available low- cost components at a total outlay of about £6
at 1998 prices. This totally Cleaned up reception on my

, S

RECEIVER

5075 ohms 50/750hms

-GROUNDED DOUBLE -COPPER
SCREENING BOARD

Figure 1: the circuit of the radio interference fifter for
vhf antennas

2metre amateur-band receiver.

The filter also removed the last vestige of radic-pager
interference to weather image reception on my modified ex-
pmr receiver, and it even allows reception of acceptably
clean weather images from my bargain-priced retuned
domestic fm receiver. As with all filters, there is some slight
insertion loss on the signals of interest, but not enough to
cause concern, as the advantage far outweighs any
disadvantage.

The circuit

Figure 1 gives the circuit diagram of the filter, which is fully
reversible, with the antenna coax feed-line connecting to one
and and the receiver t0 the other via a short coaxial jumper-
lead with suitable plugs. It consists of two separate but
identical parallel-resonant LC circuits each tuned to, for
example, 145MHz for use on the 2-metre amateur band, or
137.5MHz, which is about mid-band for weather-sateliites
and Is one of the most used frequencies. A metallic screen
electrically separates the two timed circuits L1/C1 and £2/C2,
and the required incoming signal is transferred from one to
the other by means of a closed loop. This consists of two
single-turn fink-coils L3 and LA connected in series, each of
which is inductively close-coupled to one of the resonant
circuits.

An unusual feature of this design, which makes it different
from a typical commercial version, Is the addition of a third
trimmer capacitor C3 whereby the link-loop itseif can be
resonated for optimum signal transfer at the required
frequency. This also ensures maximum rejection-of the radio-
pager or other interfering signals.
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ALUMINIUM BOX
WITH LID 78 x 51 X 25mm

C3 GROUNDED TO
COPPER SCREEN-BOARD

DOUBLE-SIDED COPPER-CLAD BOARD
50 x 25mm SOLDERED TO TWO TAGS

Figure 2: the component layout of the radio Interference fitter for vhf antennas

each one single 12-mm
diameter turn, again with 25-
mm tails.

Temporanly bend one
wire tail of coil L1 out of the
way, insert its other tail
through the appropriate hole
with the coll horizontal, and
solder the wire to the copper
on both sides of the board.
Cut off any surplus tail mire.
From the opposite side of
the board, do the same with
the other coil L2,

Solder the two common-
tags of the green-coloured
22pF trimmer capacitor C1
to the grounded tail of coil
L1, with the adjusting slot
facing upwards and the
centre-tag pointing Inwards.
With fine-nosed pliers,
carefully bend the free tail of

OPTIONAL 10min SUPPORT INSULATOR
SINGLE SCREW FIXED TO
BOX SOLDER TAG UNDER TOP SCREW

3mn CLEARANCE HOLE
COUNTERSUNK Smm
BOTH SIDES

The design of the filter assumes that the receiving antenna
for the vht high-band receiver uses coaxial cable of
characteristic impedance In the order of 50 to 75 ohms. This
is impedance-matched into and out of the filter by tapping
onto the tuned-coll at a low-jmpedance position close to its
grounded end. The actual position of the tap is not-unduly
criticai.

Construction

Drills of sizes 1,2,3, 5, and 7mm are needed. The prototype
fiter was contained in an aluminium box of size 76 x 5% x 25
mm (3 x 2 x 1 inches) with a removable lid. Mounted centrally
on each end face of the box is a 50-ohm BNC or uhf coaxial
socket chosen by you to sult your own receiver.

A 50 x 25-mm piece of double-sided copper-clad pcb
laminate board serves both as the inter-screen for the ‘tuned
clrcuits, and the mounting-plate for the coils and capacitors.
The board is secured and grounded at its two bottom
corners by soldenng each to a pair-of soider-tags on the box
sides. These tags are longer than their 6mm fixing-bolts,
which allows the board to be gripped between them before
soldering to both copper faces. Countersunk bolts are used
to avoid mechanical conflict with the lid. Fixing of the lid Is
provided by driling 2-mm holes through the lid and side-
plates of the box to accommodate self-tapping screws. Two
screws should be sufficient, one &t each diagonal side.

Betore soidering the screening board Into the box, the
component fixing-holes must be drilled as described in figure
3 using a 1-mm drill which provides a neat fit for the 20swg
wirgs, and then the four coils and three trimmer capacitors
fitted onto the board and scidered Into place. Figure 2 gives
guidance for mounting of the components, but positioning is
not critical, as the wire tails of the coils can easily be bent in
situ to sult your particular layout.

Four coils of 12-mm inside-diameter need to be wound
with 20swg tinned copper wire, after first having straightened
the wire by pulling it through a soft cloth. Coils L1 and L2 are
each of three turns pius tails of about 25mm, with the turns
spaced to give a span of 12mm. Link-coils L3 and L4 are

cofl L1 and cut it to length
such that it can then be
soldered to the centre-tag of trimmer C1. Do the same with
the trimmer C2 and coil L2 on the other side of the board.

This seif-supporting coil capacitor method is mechanically
adequate. Optionally but not really necessary, extra
mechanical support for each centre-tag/coil junction can be
provided by means of a 10-mm insulated-spacer, single-hole
fixed 10 the bottom of the box by an M3 bolt. A solder-tag
bolted to.the spacer’s free end would then serve as a firm
anchor point for the soider joint,

One tail of each single-turn coil coupling-loop L3 and L4 is
grounded Dy passing it through a hole in the board, and
soldering it to both copper faces. Note that the 3-mm
clearance-hole, through which the other tail of each loop
passes, is countersunk with a 5-mm drill on both sides of the
board to trim back the copper-plane so as to prevent the
wires from touching it. These two tails are soldered together
on each side of the hole, but not to the board itseif. Each
loop is then physically adjusted to be closely parallel to, but
not touching, its associated coil L1 or L2.

Now solder the yellow-coloured 65pF trimmer capacitor
C1 into position on one side of the screen. The choice of side

The filter boxed, showing the three trimmers and an old-style 50p
coin tor comparison!
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Figure 3: drilling details for the copper-clad laminate 50 x 25-mm screening board

it should be noted that,
because of the filter's very
high selectivity, it may not be
possible at first to hear the
off-air signal through the filter
before it has been tuned, so
using a signal generator may
be the best option. However,
if a signal generator 1s not
available, adjustment of the
filter on an incoming radio

20mm 205wy WIRE
JFOR GROUNDING C3

R Tutel signal in the band
BOTH SIDES 120.450MHz can be

simplified as follows:

Remove the filter-lid. Set all
three trimmer vanes to mid-
mesh. Connect the antenna

is not important, but the trimmer should sit snugly against the
copper with its adjusting slot upwards, and the centre-tag
tacing inward. The trimmer’s two common-tags are soldered
to the short piece of 20swg grounding wirg which is soldered
through the board at 6Bmm from the edge, as shown in figure
3. The centre-tag should be in contact with and soldered to
the union of the two link-ilocops, close to where they pass
through the clearance-hole in the board.

Fit the assembled screening-board into the box with each
corner gripped between a pair of solder-tags, then solder the
tags to both copper faces. It will be necessary to snip each
corner to clear the solder-tag fixing nut. it necessary, shorten
the two socket-pins to avoid unintended contact with the
coils, then solder a wire link from each pin to the turn nearest
the earth end of its own coil.

Finally, drili three 7-mm diameter holes in the top face of
the lid located so as to give clearance-access to the
adjusting slot of each trimmer. An easy way to determine the
drilling points is to press a thin layer of Plasticine or wax on
to the inner surtace of the lid and to gently press it down on
the trimmers. This leaves a clear impression of the trimmer
adjusting-siots in the Plasticine, which can then be used as a
drilling template. After drilling the trimmer adiustment-holes,
set the mowving plates of each trimmer capacitor t0 about
mid-way, then fasten the lid into place.

Installing and tuning the filter

The filter must be connected between the antenna and the
receiver, as close to the receiver's antenna input socket as
possible. The antenna’s coaxial lead plugs into either end of
the filter. A short length of 50-ohm coaxial cable fitted with an
appropriate 50-ohm plug at each end is required to make the
connection between fiter and receiver. The onty adjustment
necessary, is 10 tune each of the three tnmmer capacitors for
maximum received signal strength with the receiver set to say
the local repeater channel for 2 metres, or to 137.5MHz for
weather-satellite use. For convenience, a signal-generator
should be used as the signal source. it should preferably be a
tone-modulated vhi fm signal generator of 50-ohm output
impedance, but a dip-oscillator would suffice. Alternativety,
the 2-metre repeater or weather-satellite signal itself could be
used.

ft is very important that an insulated trimming tool is used on
the trimmers, not a screwdriver. When tuning Is compieted,
label one socket as Antenna and the other as Receiver.

to th& receiver and listen for,
say, the 2-metre repeater signal, or air-tratfic signals on or
about 120MHz, or weather satellite signal on 137.5MHz. The
latter would best be done during an averhead pass, when the
satellite can be heard for 15-20 minutes. While the required
signal is present, disconnect the antenna from the receiver,
leaving the antenna cable unconnected. Connect the filter to
the receiver, then touch the free antenna plug onto the
adjusting slot of the yeilow 85pF trimmer, allowing the signal
to be heard. Adjust the green 22pF tnmmer nearest the
receiver socket for maximum signal. Now touch the antenna
plug on 1o the adjusting siot of the other green 22pF tdmmer,
and adjust the yellow 65pF loop-trimmer for maximum signal.
Connect the antenna plug to its own socket on the filtter, and
adjust its nearest green 22pF trimmer for maximum signal.
Refit the lid and give a final adjustment for maximum signal to
each of the three thmmers,

¥

twist-on plug, bnc

plin JK21X or HLISO

nk, Maplin _

t, pan-head, Maplin
LR64U; 2 x 10-mm

, Maplin FS36P; 0.5-m

— T
cable, each end with o
L x 25mm doubie-
d, Maplin
pe wire, Maptin
x 25mm {3 x

E RS

ELECTRONICS TODAY INTERNATIONAL

27




More than

Electronic

DESIGNERs

know how to

PROTOTYPE PCB:

from thei val manufac

FRAOTION COS 1!
D0 YOU 7

STOP WASTiG YOUR MONEY!
CALL NOW: 00353 65 66500

g lom
R Connected e @ 00353 65 66500
PCB-POOL i o edlayo @ i @ @ FAX 66514




LED

Voltmeter

for 12V

battery

If 12-volt leisure batteries are run down very far, their life-span decreases
dramatically. Terry Balbirnie’s four-LED charge-state indicator helps to monitor
battery health.

welve-volt “leisure” batteries are the standard

power source for equipment in a caravan or

boat. They are used to operate the low-voltage

appliances such as lights, water pump,

television, etc. This type of battery is also used
by radio amateurs to operate transmitting equipment In
remote locations and by those taking environmental
measurements in the field. When used in conjunction with
an inverter, they also serve to provide a 240V 50Hz supply
for mains equipment, such as computers, where no actual
mains supply is available.

How to kill a battery
Leisure batteries are a member of the lead-acid family. The
most familiar one is the car battery, However, leisure
batteries are specially designed for cyclic use, whereas a
car battery Is used chiefty in float mode. Cyclic means that
the battery is run down significantly before re-charging. In
float mode only a small fraction of the total charge is
drawn at any time. The battery is then re-charged at a low
rate and over a prolonged period - even continuously - as
in the back<up supply for-a burglar alarm. Batteries
designed Hor float applications may be cycled occasionally,
such as when the car fails 1o start in the winter and it runs
flat. Car batteries, however, are not designed for cyclic use
and will fail fairly quickly under such conditions - hence the
need 10 buy the correct product.and to avoid using a
cheap car battery for any of ¢he purposes mentioned
earlier

Even a leisure battery will fail much more quickly if it is
regularly, discharged to its rated low point. Typically, ita
battery is only run down by one-third of its total charge, it
may be expected to cycle some 1000 times. If the depth of
discharge is 50%, this figure falls to some 500 times. If it is
run down to its low point, the life may be expected to drop
to some 100 to 200 cycles only. This is not always
appreciated by users.

\

Deep discharge

Lead-acid batteries suffer from one major disadvantage
they must always be maintained in a satistactory state of
charge. If they are allowed to run down beiow the rated
low point, permanent damage is likely 1o occur. The battery
will then fail to accept a full charge. Under extreme
conditions of "deep” discharge such a battery will be
completely ruined, especially if it has been left that way for
some time. It Is interesting to note that a battery left with a
terminal-voltage of less than about 12.3V (50 percent
charge) will siowly deteriorate anyway.

Although leisure batteries are described as having a 12V
output, this is only an average figure. A fully-charged
battery will develop an o#-load voltage of some 13V
irrespective of size or manufacturer. As the battery IS run
down, the terminal voltage falls. At 12.3V, some 50 percent
of the charge remains. At about 11.7V it may be
considered flat, even though some charge still exists.
Beiow about 11.5V the battery Is in a dangerousty low
state and must be re-charged as soon as possible. The
state of a battery could therefore be found by using a
digital voltmeter. However, some non-technically minded
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people would find difficulty interpreting the readings, and
many would not wish to use their expensive instrument for
this purpose anyway,

Thermometer display

Most of the time, the user simply wishes to know the
approximate state of the battery, and this battery ¢heck
clreuit fulfils that need. On the front panei of the unit are
four LEDs {light-emitting diodes) arranged thermometer-
fashion. The colours used are green, yellow, orange and
red to indicate "good”, *serviceable”, “poor* and “flat”
respectively. These will operate in turn when
predetermined voltages are applied o the input. There is,
of course, a further state where none of the LEDs are on.
This indicates the point when the type of rapid damage
referred 10 above Is likely to ocgur.

The circuit is powered from the battery being
monitored, drawing about 1.5mA plus a further 15maA for
each [fuminated LED. Thus, when all four LEDs are
glowing (battery fully charged) the total requirement Is a
fittle over 60mA. The device should not be left connected
permanently to the battery because even this small drain
would eventually-run it down. A large battery .Gf 60Ah
capacity wouid take several weeks to do so but a small
one of, say, 1Ah capacity would take only a few hours.
The intention Is that the meter is used every now and
again to monitor the condition of the battery.

How it works

The complete circuit for the LED battery checker Is shown
in figure 1. it will be seen that the design centres on IC2,
which comains four Identicai operational amplifiers, IC2a,
IC2b, IC2¢ and IC2d each used as a voitage comparator.
The specified ic is particularly good for this application. It
is a robust bipolar device and works correctly from single
supply ralls as are used in this circuit. Also, the circuit will
not be damaged if it is connected to the battery with
Incorrect polarity. Each op-amp section has two inputs,
the “+" (non-inverting) and the *-~ (inverting) one. The
theory of operational amplifiers states that, if the non-
inverting input voltage at any unit exceeds the inverting
one, the approprate output will be on.

The circuit is connected to the nominal 12V battery
through fuse, FSt. A supply is then provided to the 5V
reference device, IC1. This operates in conjunction with
load resistor, R3, to give a precise 5V between its ends.
IC1 may be regarded as a superior type of zener diode
and Is represented by the same symbol. This reference
voltage Is connected to the Inverting inputs of all four op-
amps (pins 2, 6, 9 and 13). Meanwhile, each non-inverting
input {pins 3, 5, 10 and 12) receives a voltage dependent
on the adjustment of presets RV1, RV2, RV3 and Rv4
respectively. These are connected as potential dividers and
they operate in conjunction with fixed resistors, R1 and R2
which are common to ail units. The purpose of these
resistors Is to narrow the range of adjustment of the
presets so that they are more easily adjusted at the end.
To make the operation clear, suppose RV1 is adjusted so
that exactly 5V exists at IC2d non-inverting input, pin 3,
when the battery supply is 11.8V (i.e. a poorly-charged
battery). Suppose also that the other presets are adjusted
so that each non-inverting input develops 5V with supply
voltages of 12.2V (IC2¢), 12.5V {IC2b) and 12,8V (IC2a) -
that is, increasing states of charge.

- i W s = Il -

Suppose the battery is in a very poor state of charge
and only 11.5V exists between its terminals, It wiil be seen
that all the non-inverting input voltages are less than 5V.
None of the op-amp outputs will be on and therefore all
LEDs will be off. Now suppose that the battery voltage just
exceeds 11.8V. The volitage at pin 3 rises above the 5V
réference at pin 2 so IC2d output, pin 1 is high. Thus, the
red light-emitting diode, LED1, will operate via current-
limiting reslistor, R4. In a similar way, as the battéry voitage
rises above 12.2V, 12.5V and 12.8V, the non- inverting
inputs of IC2¢, IC2b and IC2a will exceed the 5V reference
existing at the inverting ones. Thus, orange, yeliow and
green light-emitting diodes LED2, LED3 and LED4 will
operate In turn via the appropriate current-limiting resistor.
By adjusting the presets to-the required working voitages
at the end of construction, the colours will show at
predetermined points and the device will behave as a
narrow-scale voltmeter.

The op-amps are used without positive feedback. This
means that the switching action will not be sharp. in other
words, the LEDs will come on and go off gradually over a
small range. For the present purpose, this does not
matter.

Construction
Construction is based on a single-sided printed circuit
board (PCB) and the component overiay is shown in
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they appear neat in the
finished device. Take IC1 and,
holding it so that the flat face

FS1

a [o——a+12v NOM

is towards you and with the
leads pointing upwards, cut off
the right-hand end one close
to the body. This fead Is
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- connected to the substrate
and has no effect if left
unused. Solder the two
remaining leads in position with
the flat face of the ic 1owards
the lower edge of the PCB.

Solder test probes to the
points labelled “+12V nom®
{nominal) and *gnd". The +12V
one should be red and the
“gnd”® one, black. These could
be easity made. However,.in
the prototype unit, a pair of
inexpensive meter leads was
used with the 4mm plugs cut
off the other end. These give a
more professional appearance.

I Connect the in-line fusehoider

in the positive lead as shown in

the photograph. Adjust the

Figure 1: the circuit of the LED voltmeter battery checker

tigure 2. Begin by soldering the ic socket and two link
wires in positian. Follow with all the resistors (including the
four presets) and capacitor. Solder the LEDs in place
taking care over their orientation {the cathode end is
marked "K” in figures 1 and 2). Note that with LEDs 1 and
4, the cathode end is connected to the lower track on the
PCB whereas with LEDs 2 and 3 it is the upper one - If the
polarity is incorrect, the LED will not work. The tips of the
LEDs should stand approximately 20mm above the circuit
panel and should all have exactly the same height so that

Figure 2: the component layout of the LED voitmeter battery checker

presets as follows: RV1 and
RV2 fully clockwise; RV3 and
RV4 fully anti-clockwise. These
adjustments are as viewed
from the edges of the circuit
panel {that Is, not from IC2
position)

Complete the construction of the circuit panel by
inserting IC2 into its socket, taking care over the
orlentation. Insert the fuse Into its hoider. This should have
a value not exceeding 100mA. Note that the use of a fuse
is essential because, under accidental short-circuit
conditions, a lead-acid battery can deliver an enormous
current. This could cause wires to become red hot and
result in burns ot even fire. Also, in.the event of
connecting the probes to the battery with incorrect
polarity, a larger current than normal will flow. If left for
more than a second or s¢, the fuse
will blow. The op-amp and voltage
reference ic seem 1o survive,
however.

Adjustment and testing
If you have a continuously variabie
power supply unit and a digital
voltmeter avaitable, you could adjusf
the circuit with the ald of these. it
you do not have this equipment,
adjustments may be made by
discharging the battery under
controlied conditions. This takes
longer but will probably produce
better results because they are
based on real experience.

if you are using the power supply
method, connect its output
{observing the: palarity) to the input
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probes on the unit and alsoc to the voltmeter. Set the output
of the power supply unit to 12.8V and adjust RV4 using a
timming tool or small screwdriver so that the green LED is
just completely off. Reduce the voltage to 12.5V and repeat
with RV3 until the yellow LED is just off. Repeat at 12.2V
adjusting RV2 so that the orange LED is just off. Finally, do
the same at 11.8V adjusting RV1 so that the red is just off,
Slowly increase the voltage again and note that each LED
comes on in turn over a small range.

baent voltmeter
in the absence of the above eguipment, charge the battery
fully and connect<a suitable bulb to act as a toad. Do not
draw too large a current in an effort to speed up the
process. Aim to run the battery down over a period of at
least 20 hours. This may be done in more than one
operation so it will not be necessary to get up in-the middle
of the night 10 adjust a preset!

Start by finding the Ah (amp-hour) capacity of the battery
this will.be printed on #t somewhere. A leisure battery will
have a typical capacity of 80Ah. This means, in theory, that it

could supply 1A for 60 hours, 2A for 30 hours, 3A for 20
hours and so on. With a small load connected, it will appear
ta have a larger capacity. For exampie, it would supply one
amp for more than 60 hours. Conversely, the capaclty will be
less with a large load so it would not maintaln a load of 60
amps for a fult hour.

With the amp-hour capacity-known, divide it by 20. This
will give the approximate current that must be drawn to run
the battery down in 20 hours. For example, the 80Ah leisure
battery would need a load of 3A to do this but a small
battery, of say 6Ahr capacity, will need only 0.3A or 300mA.
Now choose a 12V bulb, or butbs to roughly provide this
load. To find the current needed by a bulb, divide the
wattage figure by 12 (the nominal voitage of the supply). For
an approximate result, you could divide by 10 instead. For
example, a 10W car-sidelight bulb could be considered to
draw 1A or a 21W fiashing indicator lamp, 2A. If you applied
the 21W bulb to the 60Ah battery, it would take some 30
hours to discharge and this would be a suitable time. For the
smatlest batteries, you would need a panel light bulb. These
are availabte in a range of power ratings from car accessory
shops. A typical one Is rated at 2.2W which works out at
about 0.2A, This-would be a suitable load for the 6Ah
battery mentioned above. One practical point - since
filament bulbs become very hot in use, care must be taken
that they do not cause burning. They must be placed on a
suitable heat proof surface or (better) suspended in the air,

Connect the bulb to the battery and note how many
hours it has been alighf to the point where it begins to dim
noticeably or until a voltmeter shows 11.8V. Thig time will
probably not be the same as the theoretical value.
Remember, this does not need to be done in one continuous
session. Re-charge the battery. Now decide on suitable
timings which will be used to decide “good”, “serviceable”,
‘poor” and “flat® states. Suppose it took 30 hours for the
bulb to go slightly dim, it may be decided to regard times
greater than 20 hours to be "good” {green just off after this
time) down to 15 hours, “serviceable” (yellow just off), down
to 10 hours, “poor” (orange Just offy down to 5 hours “fiat”
(red just off). Less than 5 hours (all LEDs off} will indicate a
dangerously discharged condition. In actual use, the unit will
be used with the battery off-load. It is therefore best if the
bulb is disconnected before making an adjustment. Wait for

10 minutes or more so that the voltage stabilises before
adjusting the corresponding preset.

The circuit panel may be built in any small plastic box which
can accommodate it. Measure the positions of the LEDs on
the PCB and drill holes in the lid to correspond. Take care to
drill them In a perfect straight line and make them a tight fit.
The PCB will then require little extra support. Drill a hole in
the side of the box for the probe leads to pass through. You
will need 10 remove them from the PCB, pass them through
the hole and re-solder them in position. Apply some strain
relief by, for example, tying a knot in the wires. Leave some
slack inside the case and check that the wires cannot be
pulled free in service. A piece of foam plastic on the base of
the box will probably be sufficient to suﬁpon the circuit
panel. Check with the lid in place. If necessary, make
adjustments to the presets over a period of use to obtain the
desired effect.

inal points
When using the LED voltmeter, make the test with the
battery off-load and preferably after it has rested for a while.
This will enable the terminal voitage to settle down to the
correct value.

If a routine test reveals that the yellow LED is off
(indicating about 12.5V), the battery should be charged as
soon as possible. This will prevent the slow deterioration
referred to earfier. In service, this wilt not always be possible
but the battery should certainly be charged before the red

LED has gone off.

Resistors
m R1, R3 22k
R2 18k
- R4-R7 560R
: RV1-RV4 47K
m Capacitor
C1 220n
Semiconductors
IC1 LM2902
IC2 REF50Z
LED1 Smm red LED
| LED2 5mm orange LED
LED3 Smm yellow LED
LED4 5mm green LED

| Miscellaneous

FS1 Line tuseholder with 100mA fuse
to fit

14-pin dil socket; plastic box; materials for test
probes (see text).

13eq AZ1 104 Jd}awljon @37 ayj o4 1

SaLID.
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THOUSANDS PURCHASED
BY PROFESSIONAL USERS

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)

MXFB00 (300W + 300W) MXF900 (450W + 450W)

ALL POWER RATINGS A.M. 8. INTO 4 OIS, BOTH CHANNELS DRIVEN
FHATURES: «independent powsr suppites with two lorowdsl transiormers = Twin LED. Yu meters ¢
Lovel controls @ IHuminaied on/olf swnich & ILR connectors & Standard 775V inputs & Open and short circudt
proot @ Latesi Mos-Fets for siress e power deltvery into virtually sny load # High siew role & VYory low
distortion @ Aluminium cases ¥ MIFSO0 § MIFP00 tan covled wih [ C loudepesker and thermal profechon
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19 xM3 %" (2U)EDY11”
MXF400 W15 3MB%" (3D 2~
MXFS00 W19 1MBY:" (IU) DY I*
MXF300 W10 THE %" (3U)zD 145,
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF@8O00 £329.00 MXF900 €449.13
SPECIALIST CARRIER DEL. £12.5¢ EACH

Advenced 3-Wey Sterec Active Cross-Over, housed i 5 19° 1 1U cass. Esch channel has Mres ievel controle
basa, mid § top The removadie tront lascis shows access 10 e programmable DIL swiiches to adjust the
cross-over irequency: Bass-Mid 250/500/000Mz, Mied-Top 1.0/M/8NMe. all at 2448 per octewh, Bass wvent switches
on asch bass channel Nomingl TTSmY Npulioutpit. Fully compaBibie with OMP rach smplifier and modules

Price £117.44 + £5.00 P&P
# ECHO & SOUND EFFECTSw

SI28: 482 x 240 5 120mm

STERED DISCO MIXER wir 2 2 7 band
L & R grephic equakisers wih baf graph
LED Vu meters HMANY OUTSTANDING
FRATURES:- including Bcho with repest &
apeed control. DJ Mic with talh-over
swich, § Channsis with individusl faders
plus cross isde, Cue Headphone Monitor. 8
Sound Pects. Usatul combination of the
tollowing mputs:: 1 hentables (mag). 3
mice, § LUing for CO, Tape, Video elc.

Price £144.99 + £5.00P4P

Join the Piaze revolvtion! The iow dynsmic miss (RO voice coll) of B PHeIo twesler produces sn mproved
transient response with @ lowsr distorfion level than ordinary dynamic tweeiers A 8 Crossover is not roquired
hese units can B #3640 10 S1isBng spesier sysiems of up Io 100 wafts (more W two are put In sortes. FREE
EXPLANATORY LEAFLETS ARK $UPPLIED WITH BACK TWEETER

* TYPE 'K (XSN1DISA) 37 round with protective wire mesh. IGeal for
| bookshel and medium sized Hi-F| apealters. Price £4.90 + 50p PAP.
TYPE '8’ (KSN1COSA) 3% " super horn for general purpose speskers.
T,

i '\ dinco and PA. systems ofc. Price £5.99 ¢ 30p PP,
. . < TYPE ‘C* (KSN1096A) 2725 wide dispersion horn for quality Hi-Fl sys-
£ \ tems and quaiity discos eic. Price £8.99 + 50p PAP,
g TYPE ‘0 (KSN10254) 2'i8" wide disparsion hom. Upper trequency
ey My response retsined grtending down 1c mid-range (2XKHz). Suitsble lor high

quality Hi-Fi systems and quaiity discos. Price £9.99 + S0p PAP.

TYPE | (KSN1038A) 3% horn tweeler with attractive siiver finish trim
Suilable lor Hi-Fi monitor systems sic. Price £5.99 + 50p PAP,

LEVEL CONMTROL Combines, on a recessed mounting piste, level control
and cabinet input jach socket 85:85mm. Price £4.10 ¢ 50p P&R.

T

A now range of quality loudspeakect, Gesigred 1o take SOventage ol the istest
speaker WWChnology and enclosure designt Bom models Uze shudo qualty
127 casl Bluminiym loudspesiiers with I8CIONy Tifled grilkes. wide v peruion
constant gitectivity horns, satruded ahuMifuum COME Drolection and steel
ball comers. complimanted with heavy duly Disch Covenng The sncicsures
e 1ed a8 FLAN0Ard weth 100 Rats for ophonsl loudspedket SHBNTHh

POWER RATINGS QUOTED IN WATTS RMS FOR LACH CABINET
FRAEQUENC Y RESPONSE FULL RANGE 4881z - 20602
ibiPC 42- Y0OWATTS (100d6) PRICE €980.00 PER PAR
ibi PC 42-200WATTS (10008) PRICE £178.00 PER PAIR
SPECIALIST CARRIER DEL. £12.30 PER PAR
OPTIOMAL STANDS PRICE PER PAIR £40.00
Detivery £8.00 por pair

THREE SUPERE MIGN POWER
CAR STEREOQ BOOSTER AMPLIFIERS
950 WATTS (T3 78} Sterso. 150W
Bridged Monc
250 WATTS {128
Bridged Mono
00 WATTS (200 4+ 200) Siereo. 400w
Bridged Mono
ALL POWERS INTO 4 OHMS
Features:

bridQatia mono « Choice of
high & low level inputs « L & A level
conirots & Remole on-oft @ Speaker &
thermal of CLection.

125) Siereq. 280W

PRICES: §80W C40.990 250w Co0.09
400W £900.98 PAP £2.00 EACKH

SuPPLIED READY SUILT AND TESTED.

Those moduies mow Wey & DETG-wids fepuishon i laity relishility snd pertormance al & MaNeNc price. Fou
Mn-v-um'ﬂuwldmwdom-vanu\ﬂumy.nmml and WBFL
P WheN COMPOnng DR m'!lcl-llmouumumlmmmunlﬂ.w---!’uN
Grive CIICUNS 10 POWET B COMpEBhie Vi meter Al MGSSIN Bre Spn and shorl Caroull proot

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Outpu! powse 110 watts
R.M.S. into 4 ohms, irequency response 1Mz - 100KHz
348, Demping Fector >300, Siew Rste 45ViuS,
T.M.D. typical 0.002%, input Sensitivity 500m¥, S.N.R.
<190 dB. Size 300 x 123 x $0mm
PRICE £40.86 + €3.850 PaP

OMP/MF 200 Mos-Fel Outpul power 200 watls
R.M.$. into 4 ohms, frequency responss 1Mz - 100KHz
-3d8, Demping Factor >300, Slew Rate SOV/uS,
T.H.D. typicat 0.001%, Input Sensitivity 500mV, S.N.R.
<190 dB. Size 300 x 155 x Y00mm.

PRICE C64.35 + £4,00 PAP

OMP/MF 300 Mos-Fet Output power 300 watts
R.M.S. into 4 ohms. frequency response THz - 100K Hz
.3d8, Demping Factor >300, Slew Rate 60V/uS.
T.H.D. typicel 0.001%, Input Sensitivity S00mV, SNR
-110 8. Size 330 x 175 £.100mm

PRICE £81,75 + £5,00 PAP

OMP/MF 480 Mos-Fet Outpul power 450 walts
R.M.S. into 4 ohms, trequency response TNz - YOOKNZ
-3d8, Damping Factor >300. Slew Rate 75Viu8.
T.H.D. typical 0.001%, Input Sensiivity S00mV, S.N.R,
.110 98, Fan Cooled. D.C. Loudspeaker Protection, 2
Second Antl-Thump Delay. Size 385 x 210 x 10Smm
PRICE £1132.83 + £5.00 P&P

OMP/MF 1000 Mos-Fei Output power 1000 wafts
A.M.S. intc 2 ohms, 725 walis RM.S, into 4 ohms,
frequency response 1Mz - 100KHz -3d8. Damping
Faclor >300, Stew Rate 7SV/uS. TM.D. typicel
0.002%. Input Sensitivity 500m¥, S.N.R. -910 d8. Fen
Cooled, D.C. Loudspeaker Protection. 2 Second
Anti-Thump Delay. Size 422 x 300 1 125mm

PRICE £259.00 + £12,00 P&P

NOTR MOS-FET HODULES ARE AVAILABLE It TWO VEREBIONE
ETANOARD - INPUT SENS S00mY, BAND WIDTH 100K Ha.

R | AOUIPHENT COMPATIBLE) = iNPUT SENS
TV, BAKO WIDTH $0K M. ORDER STANCARD OR PEC.

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND MIGH POWER, MHIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A. L
(80p STAMPED) FOR COMPLETE LIST.

McKenzie and Fane Loudspeskers are siso svailable.
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ALL EMINENCE UNITS 8 OMMS IMPEDANCE

£° 100 WATT ALM_§. MES- 900 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID. DISCO.

AES FREQ, Iz, FREQ. RESRA, TO 4K Mz, SENS 97a8. PRICE €22.71 + £2.00 PRP
90° 100 WATT ALM.8. ME 10-100 GUITAR, YOCAL, KEYBOARD, DISCO, EXCELLENT MID,

RES. FREQ. TTHz, PREQ. RESP. TO TRHz, SENSS7 S8 PRICE £33.74 ¢ £2.80 P4F
10" 200 WATT R.M.§. ME10-200 GUITAR KEYE'D. DISCO, VOCAL, EXCELLENT HIGH POWER MIO
RES.FAEQ. 65Mz. FAEOQ, RESA, TO 3.5KH2, SENS 9908 PRICE C43.47 & €2.00 PP
18" 900 WATT ALM.S. MEB12- 100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR

1E'S FAEQ. 49Hz. FREQ, RESP, TO 8KHz, SENS 10048 €35.84 + t3.00PAP
19° 100 WATT RM.S. ME12-100LT (TWIN CONE) WIDE RESPONSE. PA, VOCAL, STAGE
MONITOA RES. FAEQ 421z, FREQ. RESP. TO 10KHE. SENS 9848 PRICE C38.87 + £3.00 PAP
18" 200 WATT R.M.8. ME12-200 GEN PURPOSE. GUITAR, DISCO, VOCAL, EXCELLENT wip.

AES. FREC. S8Hz. FREQ. RESP, TO Kz, SENS 38dB, PAICE €48.71 4 €3.80 P&P
98" 300 WATT R.M.§ MY 2-300GP HIGH POWER BASS. LEAD GUITAR. KEYBOARD, DISCO ETC.
RES FREC, 47Hx. FREQ. RESP TO SKMz, SENS 10308 PRICE £T0.99 + €3.30 P4P
98° 200 WATT ALM.S. MEY 5-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.

RES. FREQ, 48Hz. FAED. RESP. TO SKHz, SENS 5948 PRICE £30.72 ¢ £4.00 PAP
18" 300 WATT ALM.S. ME15-300 HIGH POWER BASS. INCLUDING BASS QUITAR,

RES FAEO, 30Mz FREQ. RESP. TO INHz. SENS 10308, PRICE £73.34 ¢ £4.00 P8P

ALL EARBENDER UNMITS 8 CHME [Eacept £85.50 & IB10:50 which e dusl impssance t8aped 8 480 chm)
BASS, SINGLE CONE, MIGH COMPLIANCE, ROLLED SURROUND
£ 8Owett EBS-50 DUAL IMPEDENCE. TAPPED 4/8 OHM BASS, Hi-FI, IN-CAR.
AES. FREQ. 40H2, FREQ. RESP, TO T H2 SENS §7dB. PRICH ¢8.90 ¢ €2.00 P4P
10° SOWATT EB10-80 DUAL IMPEDENCE. TAPPED 4/8 OHM BASS, HI-FL IN-CAR.
AES. FAEQ. 40H2. FREC. RESP, TO SKiz, SENS. 9998 PRICE €13.08 + C2.80 PAP
10° 10OWATT EE10-100 BASS, HLFI, STUDIO
RES FREQ. 3SHa. FREQ. RESH, TO JKHz, SENS %648
12" 1 COWATT EBY12-100 BASS. STUDIO, MI-FI. EXCELLENT DISCO.
RES. FAEQ. 26H3, FREO. AESP. TO ) KMz, SENS 9348 PRICE £42.92 + C3.50 PAP
FULL RANGE TWid CONE, MIGM COMPLIANCE, ROLLED SURRGUND
5%, SOWATT EBS-80TC (TWIN COME) HI-FI. MULTI-ARRAY DISCO ETC.
RES. FREQ, 630z, FREQ. RESR, TO 200z, SENS 9208,
Ly® SOWATT EBS-60TC (TWIN CONE) HI-FI, MULTLARRAY DISCO ETC.
[RES FREQ, 38kz, FREQ. AESP TO 20KMz. SENS 3448
~ SOWATT EBB-S0TC (TWIN CONE) MI-FI, MILTI-ARRAY DISCO ETC.
RES. FREQ. 80Ma, FAEQ. RESP. TO 10Kz, SENS 8048,

PRICE £30.29 & {3.00 PAP

PRICE €9.9% © €1.50 PAP
PRICE €10.9% ¢ 1.00 PLP

PRICE £12.99 ¢ €1.00 PAP

10° SOWATT E890-80TC [TWIN CONE) HIF1, MULTI ARRAY DISCO ETC.
PRICE £10.49 + £2.00 PAP

RES. FREQ. 35Hz2, FREQ RESP TO 12KMz. SENS 5848,

PROVEN TRANSMITTER DESIGHS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMP;_ETE WITH CIRCUIT AND INSTRUCTIONS
IW  TRANSIITTER 05 '0MM  YARKCAP CONTROWLED PROFESSIONAL
PERFORMANCE. NANGE UP TO J MILES. SITE 38 & tDhmm SUPILY 12V @ Q.5aMP
PRICE L1458 - £1.00 P8P
H WICAC TRAMSIITTER 1005084 VARICAP TUMED, COMPLETE WITH
VERY SENS FET MIC. RANGE 900-200m, $(2E 4 § damm, SUPPLY 7Y BATTERY,

SRICE L4080 © £1.00 NP

PHOTON 3w P TRAN SN TTER
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BB Ranger

This is a combination of an eprom-driven control box, a custom-built fall-down target
and an LED scoreboard for BB and other lightwelght pellet guns, by Bob Noyes

The BB Ranger target unit

his project was designed as an electronic scone-

board for a BB shooting range. Both of vy sons have

gone through the BB gun fad, starting with smal,

fightweight, very low power guns and working up to

quite accurate preces, some of which look similar o
real guns although therr plastic appearance ensures they can't
easily be confused with the real things

For target practice and in order for the boys to pit therr skits
against those of their friends | decided that some kind of electronic
soone board was required 1o give an instant reac-out of the
accumulated score, There was nothing on the market that would
do so this project. BB Ranger, was born.

For those of you not tamiliar with BB guns, they are, n many
ways,samtartoairguns,usngapowerﬂjsptmormmmamor
both, to propel a small 6mm round plastic pellet - onginally # was a
small ball bearing, hence “BB". Uniike real guns, there is No
explosive element in BB guns and licences aren't required for
ownership; they are not lethal weapons although, as a precaution,
eyeprotectmsrnﬁdahnaysbewnbyeveryonearundm
the guns are in use. This project is sutable for air guns as well as
BBs, but arr rifles are too powerful and may damage the targets

Although a budiseye type target wouk! have been preferable,

was not easy to construct one on which switches could be
mounted 1o detect the score. As a convenient CoOmpromise.
instead of a conventiona target with the smallest ring being the
highest score and the larger rings the lowest, we used separale
indnidual fokd-back targets (figure 1). There are exght targets, with
scores ranging from 10 to 80 ponts. it goes without saying that the
srmalier ones carmy higher scores. In the prototype. the 80-ponts
score target measured 25mm high by 63.5mm wide; 70 points.
51mm by 63.5mm, each target thereafter baing 25mm taller than
the one before but sconng 10 points less, untll the 10-points target,
which was 203mm high. These exght targets were mounted in a
straight ine, but you can choose whether to mount therm in
ascendng order, or all mixed up with a gap of about 38mm
between each one. As can be seen in figure 2, they are mounted
in such a way that, when M, they fall Dackwargs.

Out of sight behind the body of the assembly, a magnet i
mounted in each of the targets. The type used was a door switch
like thase used in alarm systems - it is readily availabie and easy 10
mount, as a flange with countersunk holes is built into the magnet
and the reed switches.

The magnet is mounted into the fall-back part of the target, and
the reed switch into the body of the target assembly, so that when
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Figure 1: a suggested layout for the fali-back targets, from front and side. Each player
has up to eight shots, and the highest cumulative score wins. Standing up the targets

resets the score in the display.

the target is standing up the magnet is in range of its reed switch.

The switch is closed in these circumstances but when the exposed
part of the target is hit it falis back and the magnet mounted on it is
out of range of the reed switch, making an open crrcut, The same
is repeated for the other seven targets. A 9-way cable was used to
connect the exght reed switches, plus a common to all of them, to

the control box. This cable shoukt be several metres long to keep

the control box well away from the target area. A plug and socket

was used to connect the cable to the control box.

Board and paint

You don't have to construct eight fold-back targets if you don't
want to. So long as the ones used score in the range 10, 20, 30,
40, 50, 60, 70 and 80 the circutt will work, athough wire finks must
be used to connect the unused connections permanertly from the
control box to OV. This just kids the control that the unusecdt targets
are stil standing and don't play any part in the scoring. if you want

more than eght targets. then a new program is requirect in the
control box. See bealow.

The whole target is made out of MDF board as this is readily
available and reasonably priced. The finished targets may be
painted or varnished to protect them from the ravages of time (and
tads).

The exposed parts of the target were covered in sticky-backed
foam, the sort of stuff that pipes can be covered with. This absorbs
the impact of the pellet hitting the target and helps prevent it
rebounding to the finng position. The front of the body of the target
assembly slopes back, again 10 deflect the pelet. This surface
used to show the score for each target.

Thes Ranger project 1s just one possibie type of construction.
Any similar type may be built, and so long as a hit procduces an
open arcutt and a miss, or target stil standing, produces a short
circut (and up to eight are used) it should be compatible with the
alactronics in the control box,

A very large cardboard cover

)
[ ]
[ LARGER TARGETS !
LOWER SCORE
i
L]

4
'
(]
1
[]

ALARM DOOR
REED SWITCH
AND MAGNET

Figure 2: how the fall-back target was constructed

FOAM ON FRONT TQ ABSORB IMPACT AND STOP
BALL BEARING FROM BOUNCING BACK

@ N BALL BEARING PELLET

- * REED SWITCH IN CONTACT

WITH MAGNET. WHEN HIT THE
TARGET FALLS BACK AND THE
REED SMITCH GOES OPEN
CIRCUIT, THE SCORE IS THEN
SHOWN ON THE DISPLAY

was made to go over the target
assembly in order to trap the
pellets so thay could be used
again. The onginal was well over
a metre long, 53cms high and

| 53ams deep. which allowed
enough room 1o reset the targets,
that is, to stand them up again. it
alse retained about 95 percent of
the pellets used. The inside of the
box was covered with canvas
from an oid tent to stop the
peliets embeddng themselves
into the soft cardboard. | used
wallpaper paste to stick the
carwvas 10 the cardboard. To reset
the display, just stand up all the
fallen targets and it will read zero.

ANGLED TO DEFLECT
BALL BEARING

The 2716 eprom

At the heart of the control PCB is
an eprom or erasable
programmabile read only memory.
The one used is the 2716, which
is the smailest in the 27xx range
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The target unit from the rear,
with two of the targets down

The rear of the targets

of eproms, and can be picked up very cheaply as surphus stock.
Larger memones such as 2732 and 2764 can be used so long as
their control signals and extra adaress lines are catered for.
However, the PCB in this project is designed for the 2716 onty.
{See figure 3.)

For some reason, aproms are often considerad only as a part of
a computer system containing software for the operating system,
but it is just another component with a specification. In this case
we are using its memory, even when the power is removed, to hold
every combination of score from the esght targets. There is a total
of 256 combinations of score from all targets up, that is, no score

At this address a score of “6” is stored in the memory; this takes
the form of DO, DI, D2, D3 which holds the tens or next most
significant decade:

Do D1 D2 D3
1 2 4 8

so data stored is:

Do D1 D2 B3
01 1 90

and D4, D5, D6 and-D7 hold the most signficant decade:

D4 D5 D6 D7
L 2—4 8

As can be seen when adding up the score, the least significant
decade or units is always 2ero, 50 does not have.to be held'm
memory. Only the most significant and next maost significant, or
hundreds and tens, must be heid in memory. So, in the case where
the “10, “20" and “30" points targets are down and all the others
are up, the most significant digit holds zero and the next most
signficant hoids 6. With the permanent zero in the least significant
decade, a score-of *60" will show on the. display. Yhen you buy
the 2716 eprom, it will ether be blank, or, if it has been reclaimed
from a circuit, it will contain a usesess program. In that case the oid
program must be removed with a8 UV eraser. The gprom is usually
exposed to UV ight, for 10 minutes or so, which should blank the
eprom's memory.

The program for this project:can then be loaded i via an eprom
programimer, or a ready-programmed 2716 can be obtained ready
me, for £16 incluciing postage and packing (see the end of this
articie). The program is listed in figure 4,

The circuit diagram of the BB Ranger appears in figure 5. The
information in DO - D7 is decoded by two 4511 BCD to seven-
segment decoders, IC2 and IC3. These ics give outputs sutable
for switching on the separate elements in the seven-segment LED
displays, If only a small readout is required, DIL1 and DIt2 supply
the current limiting resistors required for the two decades of
common cathode displays. The third least significant decade
asplay Is wired so that all segments but the °g” segment are on,
so that 't reads zero. Thes takes the form of 6 x 270n resistors from
each segment: a, b, ¢, d, e and f connected to +5V, and the
common connacted to OV, Any small seven-segment common
cathode displays wit do, but they all have different pin outs. The pin

A7 SCORE 80 - SXTA-2 \ +5Y SUPPLY

or zero to all eight targets down and a score of 36 points. The eght A8 SCORE 70 - SXTA. A8 NOT USED CONNECT TO OV
inputs from the targets’ reed switches go to the 8 lowest address P IO - G S NOT 6 B GRS TO 0V
lines of the eprom, that is, the *10" goes to AQ (note AD not At), :::: ::: :m:::‘:‘;rm’;:;w
~20" goes to A1, “30" to A2 and so on. The remaining address it =5 0 i i~
ines, AB, A9 and A10 are connected 1o zero. If a larm 2732is A} SCORE 20 - SKTA-L Il CE CHiP SELECT BAR CONNEGT TO OV
used, A11 must aiso be grounded. Now every combination of A0 SCORE 10 - SXTA$ [ 07 MS A €34
score sets its own address, Le. with the “10” and “20" and “30" e iy iosisiations
down but all the others up the address is as follows: Lttt . .

02 MaS € - 1022 a_ (1) D4 MSA IC37

v SUPPLY [T 03 NMS D 1C28

A7 AB AS A4 A3 A2 Al AD

0O 0 0 00 0 O0 O Figure 3: the 2716 eprom pin-outs
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The target unit from the fromt, with two of the
targets falling

out must be obtained for the ones used, and the common
connected to OV, The problem with these small LED displays is that
they have a very imited readabiity range. To seé the display from
several metres away, larger displays are required.

As can be seen from the PC8 layout in figure 6, although it is
supplied with 12 voits, the circuit works from 5 volts via the on-
board 104 reguator, which must be compatible with the eprom. 5
voits presents a problem with larger displays, as it only allows two
round 5mm LEDs to be wired in sedes as each drops around 2.2
volts. In order to buld up a larger display, 4 x 5mm LEDs are used
to make each segment of the three seven-segment displays.
Hawving four LEDs in senes, sach dropping around 2.2 volts,
requires a supply in excess of 10 volts to allow for the LEDS phus
the darington volitage drop, and so on. To switch each of these
segments on, DIL power darlingtons are used, one for each active
decade: the most signficant or hundreds decade and the middie
display or tens decade. The units decade is again permanently
wired 10 read zero. If you are going to buskd a larger dispiay, DIL1
and DIL2 can be linked across, that is, pin 1 to pin 14, pin 2 to pin

TENS 8
HUNOREDS

0 0 3 5
1 gl |7 ]slelwols|elz]s
2 89 |10 | vw 8 lw|n|lizfliz n
3 115 |6 ! 7 we{o |8l vl
4 101 |12 [ 13 13014 fa5 | 8| 1! 12
5 13 14 (14 |15 | 16 |17 15 | 16 | 17 | 18
6 1 19 20 2 728 elwlw]n
7 12013 1|12 130 5]l 17
8 12 13 /14 [ 15 |15 |16 | ¥2 | 18 | 18 |} 92
9 18 19 (19 | 20| 21 22 |13 14| 15| 18
10 16 17 |18 | 19 |17 %8 19l 20| 20 2
11 22 23 | (19|20 21 | 22 22 23| 24
12 22 | 23 {24 | 25 | 25 26 | 27| 28 | 08 o9
13 01 91293094 12 13| 14 18
14 15 16 12 | 98 | 9314 | 15| 16 | 16 | 17
15 18 19 1172 |18 | 1920 |20 21| 22 | 23
16 14 015 |16 |17 /17 /18 19 20 18 | 19
1”7 20|20 ‘2t (2020 24 |19 20 2 2
1 2220 (24 | 25| 23 24 | 25 | 26 | 26 | 27
19 28 29 |15 46 (17 18 | 18 | 19 | 20 | 21
20 19 20 21| 22|22 23 |24 25| 20 2
21 22 23 23 | 24| 25 26 | 24 | 25 | 26 27
2 |27 2 2| 2 22 |20 2|2
23 26 (27 (25 | 26| 27|28 | ea 20| 30 3t
2 % |27 (28 [ 29| 20|30 f @ | 32| 30| 2
26 |32.23 laa | ae] 35! 36 |

Figure 4; the BB Ranger eprom program 0 - 255 for the
2716 eprom

13, and s0 on. This will reduce the cost a littie.

The heatsink on the prototype is RS (Blectromat) part number
263251. Unfortunately, this is not available in single quantities.
Therefore the fitting holes have been left undntied so that other
Sutable heatsinks can be used. The heatsink Must have solderable
tabs, to gve support 1o the KC. Dl the holes for the tabs carefully
from the copper side, taking great care not to cut through the
adjacent PCB track.

The power darington ics are ULN and 2003A. These have built
N base resistors, but 100N resistors are required to current imit
each of the segments of the large display. Again, OIL resistors were
chosen. Here, 16-pin sockets are used as these resistors come in

a choce of two
pa(kages:alllu:gl
the crcutt only
required the 14-pin
package, the 16-pin

00000000 %

SCORE 80 |0 \ } a7
SCORE 70 =
scone so |[o—————&——+
SCORE 40 M 1
SCORE 20 ||
SCORE 20 | o
SCORE 10 [ o4
MO
_?_coum

o

* 216 LOADED WITH SCORE PROGRAM

Figure 5: the circuit of the Control Board PCB

package will aiso fit.
Care must be taken

when winng up the
display PCB to the,
control PCB,
bacause athough
they share a

ti6608]
e X

common OV, thetr
power supphes are
different. The +12
voits of the display
board must not be
connected to the
+5V on the control
PCB. A tabie of the
control board
connectons folows:

1A
¥

A Inputs
To targets
1 +5V
2 Scome 8
3 Scoe?

\ \
12V oV
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2V

ov

HOLES TO FIT HEATSINK RS PART NO. 263 251

o 4  Score 6
o B —— 5 Scom§
' 6 Scoed
: ' 7 Score3
8 Scoe?
9 Scomel
10 OV common
Outputs
To large cisplay
B Function To
0 1 oV E10
- 2 Keyway
- 3 +5v
- 4 NMSf ES
3 5 NMSg E2
» 6 NMSa E7
. 7 NMSDb £6
. '8 NMSc E4
{ 9 NMSd E3
NOTE: SOCKETS A. 8, C 10 x 0.1* CONNECTORS 10 NMSe D2
Figure 6: the component layout of the Control Board PCB Outputs
To large display
e C Function To
@ ] ] | e
D D D

i | I PCB SPRAYED MATT BLACK

® = B
E

SOCKETS D AND € ARE 10-WAY 0.156° RIGHT-ANGLE PCB MEADERS  DIL 1,7 AND 3 ARE 14 OR 16-PIN. ONLY 14-P1IN REQUIRED FOR 100R RESISTORS

Figure 7: the layout of the Display Board. The centre bar is not required in the lowest significant digit, as it always shows 0.
80 identical 0.2-in LEDs are used
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rversion takes place as a high on the base will produce a
low on the collector. In order 10 taciitate this, the large

— ";V/ | displays use a common anode configuration. Great care
1 g 7 must be taken when fitting the LEDs - alt 80 of them (see
l f* +{ ;,/- figures 7 and 8). It only takes one LED round the wrong
_\}‘_ ;. way 10 stop the whole segment from ihurninating. ft's a
; good idea to buy all the LEDs at the same time, as this will

.A‘
-
+§
—ty

A INTERMAL

VIA DiL RESISTORS

Figure 8: connecting up the LEDs for the Display Board. The
lowest significant digit has the bottom of 100R grounded, as this

INPUT TO DRIVER FROM
4811 EITHER DIMECT OR

ensure that they are the same type; it will make a Clearer
asplay than using odd ones, as LEDs vary considerably in
] colour and baghtness, If a segment is out when it should
be on, the chances are that one of the LEDs is at faut. The
easiest way 10 find out which LED is out is to short sach
LED on the offending segment out in turn. When the others
fiuminate, the one being shorted out is the one at fault -
aither dead or the wrong way round.
To enhance the contrast of the display, the component
side of the display PCB should be sprayed matt black
| before assembily; this prevents any reflection from the PCB.
A red fiter is required 10 cover the display, which again

always reads 0

13 . improves the look of the final project as well as blanking out
everything but the iluminated LEDs.

1 +5V
2 MS { D8 The battery supply
3 MS g DS The power supply to the display must be capable of producing in
4 MS a D10 excess of 500mA. so a rechargeable battery is a must. Because
5 MSb D9 thes project can only be safely used out of doors, it must not be
6 MSc D7 mains powered for obvious reasons. Too many accidents are
7 MS d D6 caused by the rmisuse of electrical power in the garden, from
8 MS e D4 aexcessive dampness fo faulty extension leads, so to eliminate these
9 ov D2 problerns this project is completety battery powered. The battery
10 Keyway used in the prototypes was a 12-voit 2.3-amp hour, the sort of

When using a darington, or any transistor for that matter, ard

battery used in alarm systems as a battery backup. It goes without
sayng that t will need recharging, so a fused socket is provided for

ALL SWMITCHES, FUSES AND CONTROL PCB MOUNTED ON REAR PANEL

AS WELL AS TARGET SOCKET EXTERNAL BATTERY IN AND CHARGER INPUT,
FIT YO SUIT, GREAT CARE MUST BE TAKEN WATH THE POLARITY OF THE
EXTERNAL BATTERY INPUT AS WELL AS THE CHARGER INPUT.

LARGE COVERED AREA
TO CREATE SHADE.
SPRAY INSIDE MATT BLACK

2mm ALUMINIUM PANEL

M

" /

o

B
! DISPLAY PCB MOUNTED ON PILLARS

g - e
PANELS 2mm ALUMINIUM 4
FROM THE INTERNAL SUPPORTS

¥ x Yain SOUARE WOOQDEN STRIPS
TO ADD STRENGTH

MATERIAL Y0mm MDF

BATTERY HELD IN POSITION
BY WOODEN BLOCKS. FIT TO SUIT,

Figure 8: the structure of the Ranger control box
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NOT WIRED PIN FOR
PIN - SEE PIN OUT
TABLE

. &
& ON
DISPLAY ON ¥ I
INT 2A B I
ol
POWER SELECT 9 EXT W e |
—ty | 0 o—
é EXT. CHARGER IN
EXT 2A
, ONLY CHARGE WITH POWER
- E—: e SWITCH IN OFF POSITION
1N5401 SEE TEXT. EXT. 12V IN

Figure 10: the external connections for the BB Ranger system

thes on the rear of the control box.

The batteries will differ depending upon type, style,
manufacturer and SO on, SO NO precise charging currents or times
can be given. Manufacturers' information must be followed.
Although the internal battery will provide several hours of
continuous use, for prolonged use it is recommended that a car
battery is used as an external source of power. This must be fused
at 2 amps as close 10 the battery as possible, using an iniine fuse
hoider. If It is going 0 be connected by a plug and socket, the lead
from the battery must have shrouded female contacts. This
giminates the possibility of shorting out the pins.

A selector switch should be used to make sure that this extemal  The control box from the rear, showing connections
battery cannot be connected across the intermal battery, as great
damage may result. Only one battery source can be
selected at any one time. Great care must be taken to
ensure the polarity is correct, as, although fuses are fitted, a
tot of damage can result before a fuse blows. A diode can
be fitted in series; this must be the 1N5401 type. Although
it will add a 0.7-volt drop, this should be compensated by
the fact that a 12-volt car battery, when fulty charged, is
well above 12 volts.

The control box Is also constructed.out of MDF board
(figure 9). The design should inciude a lip over the display
fo provide a shaded area so that the display can be seen in
bright daylight. The size of the box is not important so long
as it is large enough to contain all the parts: the main
control PCB, the large display and the battery. Again, only

recommendations are given as the type of battery and other
details will differ from one to another. The power set-up for The control box from the front, showing the score display
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AN B N AN

2u2 16V radial
4T7uF 16V radial

- AL

tors
2716 programmed eprom - see text
4511
7805

¢

= |'. 10-way 0.1 vertical PCB header

10-way 0.1 vertical PCB header v
0.1 vertical PCB header -
e was RS (Electromail) part number 263251. Other su able ¥

L

-

[ S g W P R N

Al ¥ P &

1s for each tall-back target;
foam strip (see text);

the Ranger Is shown in figure 10,

Since the original was built a coupie of years ago, the For a pre-programmed 2716 send a cheque or postal order
control box has found other uses. One, for instance, was for £16 to me, Bob Noyes, 13 Bowfell Close, Tilehurst,
used in a Roll the Ball game at a fete where light-dependent  Reading RG3I 6QR.
cells were used under holes in the game. When a ball

lodged in the hole, it shut out the light to‘the LDR and a Blank 2716 eproms from Farnell Electronic Components:
score was registered on the display. Again, there were eight Canal Road, Leeds, LS12 2TU. Tel 0113 263 6311 or other
holes with scores 10 - 80; the object was to roll five balls sources. Second user ICs are often available as salvage
down a short runway and get them to lodge in the various from Greenweld Electronic Components Tel. 01703 236363.

holes, the winner to score 210 points and win a prize.
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aeneration

Schematic Capture

New Features

®Produces attractive schematics like you see in the magazines.
@Netlist, Parts List 8 ERC reports. ®Hierarchical Design. ®Full
support for buses including bus pins. ®Extensive
componentimodel libraries. ®Advanced Property Management.
®Seamiass integration with simuiation and PCB design.

®Automatic Component Placement. ®Rip-Up & Retry
WMW;&OWWr&
Backannotation. 3 bit high resciution database. ®Full
DRC and Connectivity Checking. ®Shape based gridiess
power planas. ®Gerber and DXF Import capability.

W ROTEDS
g ood

EWW January 1997

®Non-Linear & Linear Analogue Simutation. ®Event driven
Digital Simulation with modelling language. ®Partitioned
simulation of large dww%mwphumam

Wm displayed directly on the schematic.
T

SHAREWARE VERSIONS

| g SOFTWARE 2 AVAILABLE TO DOWNLOAD WithuitsInpup and retny) _ N
ISIS & ARES Lite FROM OUR WEBSITE -1 § o oYUk & -rl
“':w'“ = http/fiwww.labcenter.co.uk J-I--I - JJ -J-J il ,j

Write, phone or fax for your free demo disk, or ask about our full evaluation kit
Tei: 01756 753440. Fax: 01756 752887. EMAIL: info@isboenter.co.uk

53-55 Main St, Grassington. BD23 SAA. WWW.: hitpiwww.lsbcenter.co.uk
Eully dnteractive demo versions available for download from our WWW site.

Call for educational, multi-user and dealer pricing - new dealers always wanted.

E | e ¢ £t r 0 n | € S Fricesexcude VAT and delivery. Al manufacturer's trademarks acknowledged.




Pintole Board Camera (BAW) 12v
DC, 0.1LUX.

380 TV Resolution

Size: 35mmx35mm £35.00

Pinhole Board Camera (Color) 12v
DC, 0.5 LUX

420 TV Resolution

2 board foldabte

W Size 40mimxa0mm £190.00

AudioVideo Transmitter module
12v DC, 4 Channel Selection
900Mhz-1200MH2z, FM Modulation
£120.00

4 Channel Receiver + Switcher
12v OC, Composite Audio/Video
Output £150.00

TFT 4 Colour Monitor
t2v OC

Wae also stock:
Time & Date Generatot, Minature PIR elc.

344 Kilburn Lane, Maida Vale
London W9 3EF
Tel (44)(0) 181 968 0227 Fax: (44)(0) 181 968 0194
Email; 106075.276 @ Compuserve.com

A universal 20 MHz
storage oscilloscope

-

A slimline storage oscilloscope and digital
voltmeter with a sampling rate of up to 20 MHz.
Inclusive software enables the recorded signals to
be displayed simultaneously on a PC screen.
Sample Rates: From 50 ns to 1 ms. Purveyors of Quality

Input Voltage: 1 V, 10V, 100 V s R
Trigger: internal, tExternal, Auto. Elocn'or}m Thlng?os oy
Voltmeter: AC and DC. Very Friendly Pricas
Supply Voitage: 9 V to 13 V DC, 13 mA, external.

Trigger, ground, power & serial cables included.

Also Available;

CCD Camora Modules from £60
Complete CCD Kits, with housing,
cable and connectoras. Raady to run.
B/W + Audio CCD Kt £85

Coiour ¢ Audlio CCD Kit £150

Please add £2 p&p to all orders.

B

SUBSCRIBE & SAVE
WITH ELECTRONICS
DIRECT

Our subscription deals just get better and better - ne
you can save almost £20 if you subscribe todayl

ETl, code: 0215

Ehecironscs Today Inernational - The Project Mogazme for oll
Elecironics (omstrucions

The sngle source guide 1o electronics for todoy and tomortow
packed with numerows projects for enthusiasts of ol obdties.
The detoiled features ond up to-the-minute news ilen keep of
readers fully informed of the lotest, extiing developments in
this ever thangung hobby, whiks! the squipmen reviews ensure
that you abwoys know exoctly whot 10 buy.

15 isswes for the price of 13

UN: NOW ONLY £35.75 YOU SAVE £5.50

Europe: £44.59, Overseos: £47.84, USA: $74.00 |
mﬁwb’mﬂ' of 26 | FLECTRONIC &-2
UK: NOW ONLY £71.50 YOU SAVE £13.75

Evrope: £89.18, Overseas: £95.68, USA: $148.00 I

DICITALY
¢ 160
POWER SUPPLY

ACORE ARCHIMEDES WORLD, code: 0215

; TA-Ts G~
n the comstantly changing world of IT, 1 & witol 1o keep $ & ! .
abrecst of oif the latest trends and developments, Of rourse i & | ™
s s ecser s than dome. However, you (AN keep fully g

informed by reoding Acorn Archamedes World, Britom's most Ly Lot it
respected compufing mogazine devoted 1o il Acorn 32.bit e ‘
RISC 0 systems. The wide ronging edilonal brings you in- - T e

depth hordware ond softwore teviews, evaluales new produck B =

ond forecasts what will hoppen next, ond inchudes ¢ dedicted
educational section. Foch ssue oko romes with o free cover-
mounted disc, often condring complete, usable progroms o5
well a5 workoble and ployoble demos.

15 issues for the price of 13 <z
UK: NOW ONLY £51.35 YOU SAVE £7.90

Evrope: £62.40, Overseas: £66.56, USA: $103.00
31 issves for the price of 26

UK: NOW ONLY £102.70 YOU SAVE £19.75
Europe: £124.80, Overseas: £133.12, USA: $206.00

REMEMBER, it's obways cheaper to subscribe- ond you avoid futwre cover price increases!
All sovings are based upon burying the same numbes of issves from your newsogent, UK only

BINDERS

Keep your favourite magazines in mint condition in one of
our sturdy binders.

Each binder will hold up fo 13 issues.

Code: bind 02

£7.50 U.K. £8.00 Overseas 3
BINDERS AVAILBALE o
@ [Tl @ ARCHIMEDES WORLD %



‘Electronics Direct’ is the One Stop Shop for all your
computing, electronics and amateur radio needs from
Mexus Direct. We are offering some sensational deals on

Subscriptions, Books &

Reader Offers - all available direct

by mail order. Remember, all our prices indude postage
and packing - so there are no hidden extras to add! You
«an order by phone, fax or use the coupon.

SAVINGS ON BOOKS

QROBOT]Q

OIS

AN INTRODUCTION TO ROBOTICS.
A fosungting and unsque book that breoks new gmul\!l fpbf-ﬂg the

proctical aspets ore presented in an uncomplkoted Yoshi

Englsh, which mokes ths on ideol book for the omateu

Divided into two sechioms, the first port explowns how ond why robots work and
re controlled wiule the serond shows you how 10 moke ¢ smple hwo legged
humenoed robot thot tan be progrommed 1o wolk  There ore no complcated
formulas or equotions to grappile with or incomprehensible dirtwit dagroms to
dectpher - this robot con be buil an your kitchen table and <an be rvn from
any personal computer! Al you need cre model oeinplone servos, o controller
o power supply ond some plywood - and oll perks aie eassly ovatiable i the UK
and the USA This i o book thet will be of interest 10 modelers ond everyone
with o oscination for thengs mechonicol and elecironk

(ode: NB299

ONLY £11.95 UK £12.95 Overseas

ETI BOOK OF ELECTRONICS

Thes &8 the pertect ynners offering o1 ond (oaarse introducio

-

§ Code: NB214
B oty £12.95 UK

£13.95 Overseas

\
SCANNERS

Putting Scanners into Practice

Peter Rouse

SCANNERS 3 - PUTTING SCANNERS

n INTO PRACTICE

Thws & the lourth revived ond compietely updoted edition of Sconcers, the complete
YHE/UE rodio ksteners quide, contommg everylhing you need o know I put
your sconner 10 befter use There b o great deal more mformation than ever
before on frequency lising: i porticulor, octuol Frequencies sed by comsal
sofior,_ airtields ond the emesgency services. Ao mouded for the first e is o
sechion on the HF (shor! wove) bond 3 mony sconners now over thes ronge.

{ode: NB217
ONLY £11.95 UK

SCANNERS 2 INTERNATIONAL

The comporivon book to “Sconners’ provides even more informafion on the e
of YHF and UHF communication bonds, and grves detatks on how fo comstix
pcressocies 1o imprave the performonce of sconnieg equipment. The book T
internationol im  scope ond contamns frequericy atiorations fos ali three (T
regions. including country by country voriations

(ode: NB216
ONLY £11.95 UK

£12.95 Overseos

£12.95 Overseas

DI ECTY

AL,

Please order nil your goods using the coupon
below ensuring you Fill in all sections
OR simply use our order hotline. Thoank you.

Code No. of

Issues

Total Subscription Value
Subscnption No. if renewing

READERS OFFERS/BOONS /BINDERS
Title Code Qty Price

LS

[N |
£

£

£

£

‘i’otal Order Value

METHOD OF PAYMENT

The total value of my order is £ -

| enclose a Cheque/P.O. made payable to

Nexus Special Interests Ltd. or please debit my
Mastercard/Visa/AMEX account

CardNo LL L L L L E 1 1 I | 11 1 1]

Expiry Signature

Your Detalls

Name: (Mr/Mrs/Miss)
Initial Sumame
Address:

Postcode/Zipcode
Telephone: .........c.n

Please Note

Send to:
Electronics Direct
Nexus House
Boundary Way
Hemel Hempstead
Herts. HP2 7ST.

Please BCk this box # you do not wish 1o recenve ditect mail from other companas (]

@ EPFSFEECT
Express Order Hotline

9am - 5pm Monday - Friday

Fax order line: 01442 266998

Closing date: 30/06/98




In this senes we are describing some electronic
modules which could be useful to students of

| GCSE Technology or similar courses at school or
=m0 college. The circuits may be used in whole or in
pan for practical prgojects. All circuits have the potential for
further investigative work built in, which could be useful for the
more adventurous student. But you can use the circuits as
they stand or with only "cosmetic™ modifications.

All the designs are laid out on Veroboard. This has the
advantage of being similar in layout to the circuit diagram.
Some students find PCB layouts difficult to relate to the circuit
diagram. Such details as exactly what the circurt is to be used
for and how it will be housed are left to the constructor.

The circuit this month is a Sound Effects Module. This wall

Terry Balbirnle continues a series of adaptable circuits for GCSE projects with a
module based on the HT2860, a three-oscillator sound effect chip

N

provide a effects of four alarms plus a horn and an ambulance
sound, and the effect is determined by the setting of a set of
rminiature switches on the circuit panel. An external push-
button or other type of switch is then used to activate the
clrcuit and the sound will be given as long as it is operated.
Alternativety, the unit can be operated by some other circuit or
system using a reed relay to provide isolation between the
parts. In this way, no particular care need be taken to make the
two sections “rmatch” - for example, if the two circuits use
different supply voltages. Any source of between 5 and 12V
and capable of giving 10 to 20 miliamps will be sufficient to
drive the coil of the reed relay and hence operate the new
circuit.

The Sound Effects Module may be made into part of a toy
or a game. It could be used to provide a different sound with
each aspect of the game, or for different functions of a toy. It
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Figure 1: the circuit of the Sound Effects Module
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] The circuit centres on IC1, which.is a sound
o effects chip. The effects are pre-programmed
s into R, sc very few additional components are

= ?—K-— 5V
[ TRIGGER 1o | - needed to make a working system. The quality

of the sounds are controtied by three built-in
oscillators {referred to as OSC 1, 2 and 3) and
o these require two external resistors and one
capacitor to make them work. R1 is connected
between pin 1 {OSC2) and pin 2 (OSC 1). The
other resistor, R2, is connected between pin 2
and pin 5 {OSC3). The capacitor Is connected
between pins 13 {the OV “negative”™ supply
input) and 14, Pin 4 could be used to operate
an LED while the system is working, but there
did not seem to be any point in using it. In
addition, the ic has several “test™ pins (3, 15.
and 16) and, again, these are not used. The

Figure 2: the stripboard layout of the Sound Effects Mcdule

L. positive of the supply {connected via diode D1)
is applied to pin 6. The.output signal is

may be that, once the sounds have been heard, a little
imagination could be used. They could be called "laser gun® or
*phaser missile” for example! By adding a suitable amplifier, the
moduie could be used as the basis for a burglar alarm system
or another-high-powered warning device.

Circuit description

The circuit for the Sound Effects Module is shown in figure 1.
The circuit requires a supply voltage between 3V and 4.5V.
Here, it is provided by three “AA" size alkaline Ceils in a
suitable holder, giving a nominal 4.5V. Diode D1 provides
protection to the circuit should the battery be connected in the
wrong polarity, since then it would not conduct and no current
would flow. In fact, the voltage applied to the circuit is only
3.8V or thereabouts due to the forward voltage drop of this
diode.

provided between pin 17 and the OV line but
can only give a small current. Some students might like to try a
prezo transducer connected to these pins direct. However,
most people will wish to use a small loudspeaker. This needs a
simple amplifier to provide sufficient current to operate it. This
is the purpose of transistor Q. Current from pin 17 enters its
base via current-limiting resistor R3. The much larger collector
current then fiows through the speaker. Note that the speaker
must be of the high Impedance type as specified. Do not use
an 8-ohm speaker which is the most common type. Note that,
even with the ampilifier, the sound will not be very foud but
should be sufficient for many purposes.

The required effect is obtained by making one of the “effect
pins® 7, 8, 9, 10, 11, or 12 high {that is, connecting it to supply
positive), This is achieved by pre-selecting it using one of the
miniature switches, SW1 to SWB (“effect switches”). These
switches are in a plastic case exactly the same shape as an
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Figure 3: the reverse of the stripboard showing cut-outs

integrated circuit. The required effect pin will then be made
high when the trigger switch Is operated. This switch is
shown as a push-button type although any other type of
switch could be used appropriate to the application. When
the trigger switch is actuated, the loudspeaker will sound
with the desired effect. Some students will wish to provide
individual connections to the effect pins so that different
switches can be used to give the various effects.

The alternative triggering method is via the “make”
contacts of reed relay, RLA1. Its “make” (normally-cpen)
contacts, connected in parallet with the “trigger” switch
works In the same way. its coil could be energised by a
signal from another circuit as described earlier.

Construction

If the circuit is going to be triggered by an external switch,
there is no point in including RLA1. Use this only if the
circuit Is to be operated by some other system.

The topside stripboard layout (component side view) is
shown in figure 2. There are several inter-strip links and a
number of track breaks needed. Make the track breaks first
then solder the iink wires in place. if the circuit does not
work at the end, it is almost certainly due to a strip not
being properly broken, a break or link wire being left out or
a biob of soider or sliver of copper bridging adjacent
copper tracks - you have been warnedl

Solder the ic sockets {one for !C1 and one for the effect
switches) and alf other components in position. The
switches could be soldered to the PCB direct but it is
better to use a 12-pin dil socket for them. This size of
socket is not readily available, However, it is an easy matter
to file a 14-pin unit to size. Alternatively, a 14-pin socket
could be simply soldered to the PCB with the exira two
pins at the bottom left unused as shown in the photograph.
Thereason for using an ic socket for the effect switches is
because all strips to the left-hand side of them are
connected together using a piece of bare copper wire on
the copper strip side of the circuit panel. While soldering
this wire, considerabie heat will be generated and this
could damage the switches. Using an ic socket disperses
the heat and avolds any likely damage. When soldering this
wire, make sure it does not touch anything else and cause
a short circuit. Take care to mount diode D1 and the
transistor with the correct orientation. Soider the PP3-type
battery connector to the “+4.5V and tHe "0V~ points.

Solder short pieces of wire to the trigger (*trigg”) positions.
Set all but one of the effect switches.off (the *on” direction
is clearly shown-on the switch body). If the unit is to be
triggered from another circuit, solder wires to externai
trigger (“ext trigg”) points.

insert IC1 taking care over its orientation. This is a
CMOS device and couid be damaged by statlc charges. To
avoid problems, touch something earthed - such as a
water tap - before handling the pins. insert the effect
switches if they have not already been soldered direct to
the circuit panel.

Testing

Connect the speaker to the wires marked “LS1". insert the
three “AA® size cells into the holder. Touch the two “trigg”
wires together. A sound shouid be emitted by the speaker.
Try using other trigger switches while keeping the rest off.

There is an interesting property of the clrcuit which
shows itself when more than one effect switch is on when
the circuit is triggered. If this is tried, it will be found that
the effects for which the switches are responsible sound in
sequence for a few seconds each. The order in which they
sound depends on an in-built priority, and this may be
found quite easily by trial and error.

More adventurous candidates may wish to try increasing
the volume emitted by the speaker by splitting the supply
into 4.5V to the actual circuit and a higher voltage for the
transistor section. it would also be possible to add an
integrated circuit power amplifier or to use an external
ampilifier.

The standby current requirement of this circuit is only
8uA approximately so it may be connected to the battery
for long periods without the need for.an on-off switch.

holder for three “AA"
fit; PP3-type battery
‘socket for PCB-
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Microchip PIC and Motorola HC11 based development Tools

PIC Microcontrolier Programmers Original - This is our original programmer for 16C5X, 16C55X,16C6X, 16C7x, 16C8x, 16F8X
devices. Price : £40 for the kit, or £50 ready buill. Serial - This programmer programs the newest PIC devices in a single 40 pin muiti-width
ZIF socket. Will program: 16C55X, 16C6X, 16C7X, 16C8x, 16F8X, 12C508, 12C509, PIC 14000. Also in-Circuit programming. Price : £40 for
the kit, or £50 ready built. Introductory - Will program 8 pin and 18 pin devices : 16CS5X, 16C61, 16C62X, 16C71, 16C71X, 16C8X,
16F8X, 12C508, and 12C509. Price £22 for the kit (not available ready buiit). Note : All our programmers operate on a PC, using a
standard RS232 senal intertace (COM1, 2, 3, or 4). No hard to handle parallel cable swapping | All programmers are supplied with
instructions, Windows programming software, MPASM, MPSIM and PICDE (Windows based PIC assembler )
PIC or HC11 Windows Ba Development: PICDESIM and HC11DE allows assembly and simulation of your PIC or HC11 projects in
one Windows program. Incorporate multiple files, view help file information directly from the code, edit within project, build and track errors
directly in the source, then simulate. Simulator allows 3 breakpoint types, follow code in the source window, set breakpoints directly in code,
Run programs, or single step, or step over subroutines. Track variable values and trace for display on the Trace Anatyser. Input stimuli include
clocks, direct values and asynchronous senal data. Profile your program - examine frequently called routines which are timed and use the
information 1o optimise out bottle necks. PIC Version Simulates up to 50 timaes faster than MPSIM | NEW | - 32 bit version allows full use of
Windows '95/NT4.0 faciiities. Cost £30.00, or £25.00 for existing and new purchasers of any of our programmers, Please specify
Windows 3.1, or Windows *95 (32 bit} and either PIC or HC 11 version
PIC BASIC FED's PIC BASIC products - straightforward, capabie, powerful, rapld deveiopment. Operating in a Windows
Development Environment our modules need no assembler or UV eraser to program your PIC's, and operate from a serial link 1o your PC,
The 16C74 module features - 8k EEPROM, up to 2000 lines of BASIC, 27 lines of programmable /O, 8 A/D inputs, Interrupt driven serial
RS232 intertace, Peripherai 12C bus interface, LCD display driver routines, up 1o 178 bytes for vanables and stack. extendible with optional
external RAM and all the standard 16C74 features, Ask about the 16C57 version.
Compiler - The FED PIC BASIC compiler for the 16C74. It produces hex code to program your 16C74 directly with no need for external
EEPROM. Compatible with the EEPROM versions of PIC 16C74 BASIC modules - develop on an EEPROM based module then compile and
program your PIC chips directly.
16C57 Module Kit (8k EEPROM, 4MHz) £25.00, Pre-bulit £30.00 16C57 Modute Kit (8k EEPROM, 10MHz) £31.00, Pre-built £37.00
16C74 Module Kit (8k EEPROM, 4MHz) £35.00, Pre-bulit £42,00 16C74 Module Kit {8k EEPROM, 20MHz) £40.00, Pre-bullt £46.00
16C84 chip programmed with BASIC - £25,00 Compiler - £60.00, or £50.00 when ordered with a module

PIC and HC11 devices

PIC16CT4/0W Erasable 20MHz £24.00 PIC16C558 £5.00
PIC16C74-04P oTP 4MHz £8.00 PIC16C74-20P OTP 20MHz £11.00
PIC16C57-04P oTP 4MHz £5.00 PIC16C57-10P OoTP 10MHz £6.00
PIC16CB4-04P 4MHz £6.00 PIC16C84-10P 10MHz £8.00
PIC16F84-04P 4MHz £6.00 PIC12C508-04P oTP 4MHz £2.20
PIC14000-04P OTP AMHZz £10.00 PIC 14000/JW Erasable £23.00
PIC12C508-04P OoTP 4MHz £2.70 Motorola MC68HCB11E2 Ring for details

Ask about other chips!
Forest Electronic Developments

B

10 Holmhurst Avenue, Christchurch, Dorset, BH23 5PQ 01425-270191 (Voice/Fax) .

hitp//www.lakewood.win-uk. neted htm e-mail: fed @lakewood win-uk net . Pnces are inclusive, please add £3.00 tor PAP and handling % each order.
Cheques/POs payable 10 Forest Electronic Developments, or phone with credit card details. Serial Cabies - £7.50

Advertisers
Please note

copy date for issue 6
is the 15th of April 98"

Argon ion / Helium Neon / Diode / Carbon Dioxide

Colours include red,yellow, green,turquoise, blue and
infro-red. Oulput powers range from 0.2mW to
over 20 Wotts. Applications include reseorch,
light shows, imoge projection, medical or
industriol. New and Second hand.
Pictured here is 0 50mW cyon/blue orgon
ion oir cooled loser head ond @ miniture
1MW red HelNe laser tube only 147mm long
Second hand blue (488nm) orgon ion
losers start from only £100 +VAT.

Mill Roaa, Great Barton, Bury St. Edmunds, Suffolk, IP31 2RU
Telephone 01284 788108 Fax 01284 788135

v

CHELMER VALVE COMPANY

If you need Valves/Tubes or RF
Power Transistors etc. ...then try us!

We have vast stocks, widespread sources
and 35 years specislist experience in meeting our
customers requirements.
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Tuned to the needs of the Radio Amateur

d. E

Tel: 44-01245-355296/265865
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8 CAVANS WAY
BINLEY INDUSTRIAL ESTATE
| COVENTRY CV3.2SF
| Tel: 01203 650702
Fax: 01203 650773
Mobile: 0860 400683

(Premises situated close to Eastern-by-pass. in Coventry with sasy access
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Intron 2020 - 20MHz Sommge INEW).. oo e D850 Hewlet| Packard B165A ~ SOMHz Programmable Sorai Gowee .. ... _Z1H60
Iwatsu S5 STIWSS S702 - 2000 . = - e SO 128 Mawiet! nmme—SmoomuMm(thnM]m L2850
Kikpsyl COS 6100 — 100MHz, 8 Channgl, l2 Trace . . £a7s Hewiet Packara 5152A = Optical Average Power Mater ..._..___.ll
Kikusul 5100 = 100MHz — Dus! Channe! _£380  Hewlett Packard 81588 = Ophcal Atlenuator (OPTS 002 » o"l . SN
Meguro = M50 1270A = 20MH2 Dm%m lltr‘g £850 Hewiell Packard 81804 — Data GNerBior - ... ooyt b ..-£1500
Nicoiet 310 - LF. D.8.0C. wen twan i £550  Hewient Pachard §152A - Data Analyser . L1500
Nicolet 3091 = LF, D.S.0. 900 Hewiett Packard 83508 ~ Sweep Oscillaior Manframe (vanous GpSord avasdeble) (2500
Lecroy BASO0A ~ ~ 300MMZ/400 Msis 0 5.0, 2 ch. .. L2250 Hewlet! Packand 83554A ~ Wave Source Module 28.5 10 S0GHT . o o e e £ IS0
Phlo‘ PM 3211/PM 1212/PM 3214PM 321 1/PM 1234/PM 1240/PM 3243PW HMPM 3281/ Mawiet! Plolurd 8820C Smm OBCERMON MBrITEITY . from €250
M 1262/PM 128 0PM 35“....., S trom £128 Hawiett P uau Synthesised Signal Generator (M), _._.....-....l...,-c_..... 3..£2000
Phllp‘ PM 3293A - Ol Channel . - EVIS0  Mewief! Pac - Synth-hoa Sugnas Generaikor ... o~ 15000
Phitipe Pal 3338 - SOMHLMDI.O 2av. £1500 WPMO?MA&U normakesr _ L i L L£378
Phifips PM 3058 - 50 MHz DUAL Timebase p——-— _C450  Hewiett Packard 8TS6A - Nobwors ARBIH . —igl1500
Tekironix 334 ~ 25MHZ ~ 2 Channel Anaiogue Slo'ng. 2 _£2%0 Mawiet! Pachurd 8757A = Scalm Network & L2250
Tektronix 454 — t50MHz - 2 Channel . 400 Hewiett Packard 8903A — Audo Andiyser | = 100t - L2000
Tektronix 468 = 100MH2 DS.O.. .LTS0 Hewiett Pechard 8903E - Dwtorkon g ... £2000
Tektroniz 2213 - 50M+z Dual Channel . Tazs Hawietl Pachard 8958A = Colular Rado -£2000
Toktrontx 2221 = 60MHz Dgrtal Storage 2 Channe). £1500  Hewlan Packard mu-uoml»on .£3400
Tekironix 221§ - S0MHz Dusl race . . L450 Hewiett Packard B920A - RF Comme Tes: Sef R - SO— ]
Tektromix 2238 = 100MHz Dual trace . £800 Mewiett Packard 89220 ~ GSM Rado Comme Tes! Sei. - 999s
Tektronix 2336 — Dusl Irace 100M; w) 750  vewlett Packard P32A vanatie AT uaicr. - l:zuo
Yoktronix 2225 - SOMH7 dual ch . i - fAS0  Hewieft Packard 16300 = Logc Anshyser (43 Channel)
Toktroniz 2440 — 300 MHZS00 Mas 0.80.2C EITSO  Mewiett Packard 18500A — Fied wih 165 HOANS815A/ 185504185314 - Loﬁ Lnaivw_..hooo
Toutronix 458 = S0MH7 Dua) Channel . £3%0 Hewiett Packard 117298 — Casvigr Nome Test 5¢ e ——— - ]
Tektronix 484/486 = 100MHz An slorags = - .. trom £350 Krohn-Hite 2200 Lnﬁ Swoep Generstr ]
Tektronix 465/4658 - 100MHz dusl ¢t trom £350 Krohn-Hite 4024A WS -]
Toktroniz A7S/ATSA ~ 200MHL/25008z Duai Channel, s Srom CATS Keohn-Hite 5200 Sweep Fm Generator — ]
Tektronix ‘“—M--?m £900 Krohn-Hite 8500 Phase Met — ]
Tektronin 5403 — BOMHz ~ 2 of from £250 Lsader J?lﬁowmvaw(lm T40KH' 1) AMFIATW with bulli-n FI 516760
Tektronix 7313, 7603, 7613, 7523 ?IBJ.MCd\L — L ] ﬂw& - _— ]
Tektronix TP04 - 2500H7 4 ch / . trom [850 Marconi - WH{-'O‘M: ﬂ Gen -adl 1480
Tektronia 7904 - S00MH2 i - " —.odrom CBS0  Marconi 2019A = BOKHz = 1040MMz _..£1600
Trio CS-1022 - 20MM2 - Dual Chlnn‘l IS o Marconi 2022A - 10KHz = 1GH; AMW Segral Genersior £2000
Other scopes avaitabie oo Marconl 2041 = (10KH2 - !TBNz)La-No‘. £7500
P 1 Marcon 2305 ~ Modulstion Met: L1995
SPECIAL OFFER Marconi 2610 - Tria FAMS Vostmeter. 8350
| HITACH V212 ~ 20MMZ DUAL TRACE £180 |  Marconi 2871 Data Comme Analyser .. £1000
1 HITACHI V222 — 20 MHZ DUAL TRACE ¢ ALTERNATE MAGNIFY - £200 | Marconi 2955 = Aace Comme Tast Set . .. .£3000
= - Marcon! 8980 — Power Meter & Sensor . from £950
Philips P S187MH7 funchon e 400
Philips 5190 LF, S-wmm mhﬂ. JJ.OO‘W
Advantes! 41338 - 10KHz - 2oormeocﬂ.--mmrumhen Keyboard,. £T350 L R T}
Advantest 41318 - 10KHz - 3 SGHz L4950 ‘ . B3SO
Ando AC8S211 - Spectrum 1.7GHz Philips PMST18 - S0MMHz Putse Gonericr. €328
Anvitsu MSS108 - 10KMH2 - 5 . — L4750 phitips PMO8S2 - | SGM2 Py, Resohution TimenCounter ... L9900
Anritoy MSIIA usuom-’mm-mu _£3998 + £4995 Philips PM6673 - 1200z Resonpon Courner ]
Ancflay M5628 - 10MMz - 1 - Prema 4000 = 8 § Dignt Muitimeter (NEW) £450
MPGACSS-J'OOOMW-W- £1500  RAscal 1992 - 1 IGHI Fraquency Counter . AR *
Hawigtt Packard 35804 - My ek 995 Rgcal Dane 90819082 Syrth g gen m trom £500
Mewiet! Packard 1827 with B550A (1002 = 21GH2) -£3TS0  Racal Dana 9084 Synth - -
Hewloft Paciard 35601A ~ Spectrun Analyser indertacs . . L1000 Racal Dana 9303 AF Liz\m -
Hewielt Packard 33624 Dual Channel Dynamae Sig. Anaiyser. ., -2 — ] Ascal Dans n|7wmmm 078
Mewiet! Packard 3582A Dual Channel Dynarmec Sig Analyser. 7800 Aacal Danas §302A AF ( g _£37%
Hewiett Packerd 8534 « 85538 - 0.1 16 1500MMI = = 3250 Racs) Dana 9082 Syrthesmed smim sig gen TR - ——" ]
Hewistt Packard 1827 o+ 85585 — (.1.1c 1S00MHy ___ 3 SIS v Lo Racal 93014 - True RMS FUF Mulbvolrmeter . SR £300
Hewiett Packard 5754A = Network Analyser 4-1300MHI — 2000 Racal 511148151 ~ GSM Rado Comme Test Sef LPOA
Hewiell Packard 8591A — 9KHz ~ 1 9GHT . 4995  Rohoe § Schweorz LFMZ - 60MIZ Group Delay Sweeo Gen_ 1500
Hewlett Peckard 8594€ - 9KHz = 2 D0Hz ~£7000  Aohde & Schwarz Scud Redo Code Test Set R —————
Hewtelt Packard 3582A — 0.02HY = 25 SXH2 (ousi oh) £2000  Rohoe B Schwerz CMS 54 Raco Comme Monsor. 6250
Packard 35054 —20Hz ~ 40MH7 _ 4998  pohos & Schwarz CMTA 94 GSM Aado Comme Analysel £7300
Hewiett Packard 8734A {opt. H26) - 40y — 2 8GH2 ~£2950  gohaftner NSG 203A Line Voltage Vanation Simudelor . . .. A
WA 7730 10MHz =1 1 L3250 NSG 2224 intedarence SavuAsiorn_ . £850
Morcond 3370 = HI0MMz 995 Schattner NSG 22 interterence Generstor | = | ol
Marconi 2371 — 30KHz ~ 200002 mensassonnnnen EVZS0 Goiafiner WSG 431 Erectrosiatc Discherge Simutator. s o 1250
Meguro MSA 4901 = 1-3000Mz (ASNEW) . ~£1500  Seniumberger 4031 - 1GMz Radko Comms Test Set. " L4995
Meguro MSA 4812 — 1-1GHz (AS NEW) —— £1905  Scniumberger 2720 1250MH2 Fraquency Couer. - £500
Poirad &41.1 - 10MM2 - 18GHx £1500 T080/7085/7075 Multmeters . — . _romE£3%0
Rohde & Schwarz = SWOE 8 Polysiop 0.1 = 1300MMT.. el e ET800 Schilu Stabitock 4040 Rado Comms Te) Set £3500
Takeda Riken 4132 ~ 1.0GHz Spectrum Anaiyser .. e -£2500 Solartron 1 = Freq Response £2500
Tektronix 7LIE with mantrarne (1 5-80GHI with external rmers) -£2000 Stantord Research DS 340 - 152 2,,......... Funcion (NEW) and arbarary
Toktronix 496P — 100Mz ~ 1 BGHZ programmabie L4950 w0 Qener 8o 200
- Systron Donner 6030 - Mcrwive Friquency Coutte (28 SOM2) .......... s msernows assissossreomen pRR DN
MISCELLANEOUS Tesequipment CT71 Curve Tracer
Tokironix TMSO03 « AFG 8101 Arvitrary Funclion Gen. ... B e £1500
Adret T40A = 100KHZ = 1120MHz s,«nmwua Sonal Generstor ... €800 1240 Logc Anatyser “ _...£500
ANRITSU ME 4628 DF/3 Transmepson A - - -.£3000  Tektronix DASS10D - Senes L. Arpices €500
D.%A - 30KV insulation Toster - _..Z1500 Tm:-l’l?‘ wich as SC804, Smm
Anritsu Putse Panem Generator £1500 PGas08. FGSO4. FGS03. TG5C1, TRSOS ¢ many more .. o B MR i TSR
Drangty 576 = AC/DC = Muittunction Anahyssr . _ 1850 Tedtroniz AMSO3 ¢ TMS0T « PEI02 — Cument Probe Anw-.._.,_.___-.....n._.-_ . S8
EIP 331 ~ Frequency counter 1BGHZ ... £700 Tektronix PG508 + TGS01 + SG503 « TMS03 = Declloscops Calbrator . oo oo L1998
EIP 548 - Frequency 18GHz — £1500 AASO01 § TMSO0S MF — Programmaiie Datoron ANBVIK ... ... ..o L1998
EIP 5484 — Fraquency coume: 18GH? £1800 STT-CorveVimoor £1150
EP 578 - F 18GHy . £175%0  Time 9811 Programmabis Resstance n— Y .,
Farnall lmg Power {0-TOWI0A} Ao £7s0 Time 3814 W Canbrator . — i kit et A
Farnell TSV-T0 MIKH Power (7W SA o0 38 )] £230 10MHZ Funchion Gen (ASNEW) ... . .  ZM8
Farnell DSG-1 128 Valhalla id-amc 2724 Programenabie Resstance St g £P.0.A
Farneil ESG-1000 S S\v\d Genersior 1GHZ (a8 ﬁ_—____.gou w-nool l Goltermann PFJ & = Error/Jmner Tost Set. L — T £12600
Flure 5100A ~ Calbraior . & Goltermann £11000
Guhaline 152 = T12 Batiery Stancard Ced - £550 lhodol & Goltermann PQN {+ opione) . NS VS — ]
Hewiett Pachard 3314 ~ Dwtornon oo T L i e —
Hewlet! Packard 3336C - Syrthetined S Gor\omornou: nﬂq — . £1000 Wayne Kert 8425 ~ Procigion Anshyid ST Tiimes S sons i oor s B AEAND
Hewigtt Pachard J4ITA Sysiem volimeier £330 Weyne Kerr 8905 - Precison LCR Meter -
Hewiett Pachard 3456A Digtal vollmete: - . A £as0 Waveisk 171 = Synthetised F Ge
Hewiatt Pacikard 34384 mbmgtes L£200 Wayews 1728 Programmabie Source (0.000THE = 1M oo e E PO
Hewiett Packard J488A ~ ut.‘vaoMmi Unnt SRRy .| Waversk 184 = Generator = SMH7 v L2580
Hewiett Packard 3IS800A m il £3I750 Waveteh 3010 = 1-1 Signel Genera: .. e . 21250
Hewlett Packsrd :munmn1 o Link Anaryser . . £2250  Wiitron 6409 -+ RF Analysers (1MHZ - 2GMZ) e £P0A
Hewlett Pachard 3328A - 21MH2 Gen L1500  Wiltron 88205 - Prograrvnabie Sweep Generalor (38 -8 5GMr) - £850
Hewiett Pachard 34884 = HP - 18 control unil (varous Mug-int svelabiel................ 0000

Hewietl Pachard 34554 84 Miteter (Autocal).
Hewlett Packard J476A = vor (3% &).- (L | T
Howietl Packard 315864 ~ Selecive Level -

Packard 3776A = PCM Termanal Test Set.

Hewletl Pachard 4
H-Mon Pachard 4342A ﬁ Weate?

MANY MORE ITEMS AVAILABLE -
SEND LARGE S.A E FORLIST OF EQUIPMENT
ALL EQUIPMENT IS USED .
WITH 30 DAYS GU&
PLEASE CHECK FOR AVA
ORDERING -~ CARRIAGE &
TO ALL




The Orphan

Decibel /

Power variations are better represented in a logarithmic rather than a linear
manner. This is accomplished by the use of the decibel - but what is a decibel?
By E.Chicken MBE FIEE

*Decibel” clearty means one tenth of a bel, but have you wondered
why one never hears of a “bel”, or for that matter a millioel,
megabel or Kilobel? Wel, the truth is that they do not exist. This i
not quite the truth, perhaps, because in theory the “bel” is stil out
there somewhere but its story is rarely told - or perhaps that should
be “tolled”, as the bel lost one “1" when it first appeared more than
70 years ago. The lone bel was doomed to disappearance
pecause of its nconvenient dimension, somewhat like (and likewrse
despite its eminent inventor) the farad.

Named after Alexander Graham Bell, inventor of the telephone
the bel replaced in 1924 the “transmission unit” which had been
introduced the year before Nto the fieid of ine telephony by the
Amencan Telephone and Telegraph Comparnty (ATT). The bel was
ntended 1o equal 10 of ATT's “transmession units

The ‘transmission unit’ tself had replaced an even earfier
concept based on the ratio between the decrease in signal power
produced by a given telephone cabie and that produced n one
mile a of standard cable. In 1924, an intemational advisory
committee on long distance telephony 1N Europe, in cooperation
with Amencan representatives of the Ball telephone systerm, agreed
to recommend the adoption as standard of efther the bel or the
neper, both of which were lposaly referred to as units.

The bel was to be a unit based on logarthms to the base 10,
whike the neper (named after Napier) would be based on Naperian
logarithms 1o the base 2.71828. The neper was later used to some
extent in Europe, but is not often met today. Both units were
intended as a means of expressing power ratios, and gain or 108
of power-related quantities such as voitage and cument. But in
practice, one bel was 100 large, sc it was scaled down some 5
years later t0 one tenth of a bel, becoming the decibe, abbreviated
to 0B. (And in retrospect, it looks remarkably iike the equivalent of
the earfier ‘transrnission unit’ that it sought to replace.). But since
then, the decibal {dB) has become a very useful and much used
mathermatical tool, particulany in electncal engineenng and
acoustics, athough | will onty consider the former here.

Power

Stnctly speaking, the onginal mathematical expression for bel
relates onty to power ratios. Two powers (say P1 and P2) are sald
10 to differ by N bels (where N is a number), when:
the!rpowerrabOP'IP2=10N

which when converted into logarithm form becomes:

N beis = log,, P, / P, )

and because 1 bel = 10 decibels , this becomes

ft is important to note that this expression defines a number of
decibels, not the decibel as a unit, so, stnctly speaking, one can
refer 10 @ decibel or 10 one decibal, but Not to the decibel. Nor is
aecibel a metnc unit of measurernent or quantity, which s why it
does not appear in the Systeme International d'Unites or Si
Systern. In that metnc system, the product or quobtent of any two
quantities is the unit of the resuttant quantity: for exampie. voit x
ampere = watt, each of which can be expressed in decrmal
multiples or sub-multiples such as mega-, milh-, and so on.
Decibel however , cannot be mutipied or dvided by any SI Unit
to produce another S Unit, nor can it adopt other decimal mustiples
or sub-muttiples 1 place of dedi-. It is an orphan in the fieid of
slectncal engineering measuremeant, because it is really no more
than a mathematical tool (as 1§ the logartthm), wherety the
proaucts or quotients of large NuMbers can be more sSMply
handied by the addition or subtraction of dB quantities. Examples
of this are gven later.
Note that a ratio such as 2/1 produces a positive number of
decibels, whergas a 1/2 ratic would produce a negatve loganthm
and a negative number of decibels. Positive decibels acd to
simulate muitiplication, whereas negative decibels subtract to
simulate division , for exampie:

(#1008 -3dB) = x 10/2) = x §,= 7d8

But for convenience of use, rather than refemng to power ratios, it
is better 1o refer to power gain or loss. In which case, +dB
represents a power gain, and -dB a power loss or attenuation.

Voltage

As said earfier, dB can aiso be, appiied to denvatives of power such
as voltage and cumment, but using a siightly modified expression
based on the rlationship power P = E/ R, as folows:

N dB = 10 logso PyPy)

now re-written as:

N dB = 10 logyo €4} R
3

and cancefing the R/R = 10 logy, EN/AE,) = 10 log,o E/E)
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i £1 BARGRIN PACKS

|

if you would like to receive the other four £1 Nsts and @ iot of other
Nats. rquett these when you order of send SAE.

TEST PRODS FOR MULTIMETERS with dmm sockets. Good length
vary bouibie load_ Ret: D86

B OHM PM SPEAKERS. size 8° 2 4, pack of two. These may e
slightty rusty and that is why they are 50 cheap but are shectrically
on, Ret: D102

PAXOUN PANELS, size §° 1 6°. approaimately 1/18° thich, pack of
134 SOCHET, virtually unbreakabie, ideal for tralling lead. Ret: D95,
PIEZC BUZZER with slectronic sounder circuit, 3¥ to 9¥ 0.C,
opeented, Ref D76,

OITTO bat without Infernal slectronics. pack of two, Ref:D7S.
LUMINOUS ROCKER SWITCH approximately 30mm sq. pack of two,
Ret D64,

ROTARY SWITCH. 9-pole. Sway, small sire 77 spinde, pach of two,
Ret: D54

FERRITE RODS. 7" with colls ior Long and Medium waves. pack of
two. Ref: D52

DITTO but without colls, pacik ¢of three. Ret: D52

MAINS DP ROTARY SWITCH with 1/4° control spinde, pach of e,
Ret: D49

ELECTROLYTIC CAP, BOOWF at 6.4V, pack of 20, Ret-D48
ELECTROLYTKC CAP. 1000uF o 100uF 12¥, pack of10, Ret: D47,
MIN RELAY with SV coll, size onty 26rm 1 190wn X Lmwn, has two
sets of changeover contacts, Ret: D42

MAINS SUPPRESSOR CAPS ).1pF 250¥ A.C.. pack of 10, Ret 1050
TELESCOPIC AERIAL. chwome plsted. extendabis and foids over for
improved F. M. reception. Ret 1051

MES LAMP HOLDERS, siide on to 1/4” tag. pack of 10, Ret 1054
PAXKOLIN TUBING 3/18" internal dlameter, pack of two, 12° iengths.
Ref 1056

ULTRA THIN DRILLS. O.4urwn. pack of 10, Ret 1042

204 TOGGLE SWITCHES. centre off, part spring controlied. ulll sty
on when pushed up but will sprng beck when pushed down, pack of
two, Ret: 1043

HALL EFFECT DEVICES. mounted on smail heatsink. pach of two,
Ret: 1022

12¥ POLARISED RELAY, two changecver contacts. Ref. 1032
PAXOUN PANEL, 12° x 127 17007 thick. Ret 1033

MiN POTTED TRANSFORMER, only 1.5VA 15V0V.15V or 3OV, Ret
964

ELECTROLYTIC CAP, 32pF at 350V and S0uF section M 28V, m
shuminium can ior uprgt mounting. pack of two, Ret: 995,
PRE-SET POTS, one megohm. pack of fve, Ret 994

WHITE PROJECT BOX with rocker switch in top left-hand side. sizw
78mm x 115mm & 35mm, unprinted. Ret: 1008,

SV SOLENOID, good strong pull but quite small pach of two. Ret

1012,
FAIGURES MAINS FLEX, aiso makes good speaer load, 15m Ret
1014

CAMCHARGER
CAMCORDER BATTERY
QUICK CHARGER (WITH

RECONDITIONER & TESTER)

Brand new and bored. Normal price £35. youns lor [18. Ovder Ret
18P73.

TOROIDAL MAINS TRANSFORMERS

AN with 220/2407 primary winding,
0.30V ¢ 0.30V ot 120VA. would give
you 30V at 4A or 6OV st 2A. price £8
Ordes BPEL Order Ret: BPG2. 0.110V ¢
0.110V ot 120¥A would give you 110V
#t Just over BA or 2207 at 1/2A, price
£8. Order Ret 8PG3. 0.35V ¢ 0.35V ot
150VA would fhve you 35V st 44 o TO¥ st ZA Prics £8. Oroer Ret:
8PGY. 0.35V ¢ 0.35V at 220VA would ghve you 35V ot 61/24 of 70V
ot JL/4A, price 9. Order Ret 9PG4. 0.110V ¢ D.LI0Y ot 220VA
would give you 110V st 2A @& 220V st 1A, price L£10. Order Ret
10PGS, 0.45V ¢ 0.45V gt SO0VA wowid give you 45V ot 114 or 30V
ot §1/2A, price {20. Order Ret 20PGY, 0110 ¢ 0.110V ot 500VA
would ghve you 110V ot SA er 220¥ st nearty JA. price £25. Order
Ret 25PGT.

SUPER WOOFERS. A 107 dohm with 8 power rating of 250W music
and normal 150W. Normai selling price for this | £55 ¢ VAT, you can
buy st £29 nchuding VAT and camiage. Order Ret: 29P7. The second
one 18 2 87 dohm. 200W music. 200W
normal. Again by Challenger, price £18,
Order Rot 18P9

Deduct 10% from these prices It you
orded im pairy or can collect. These are
off brand new (B maker's packing.

SOLDERING IRON

Super mains powered with long life ceramic eiement, heary duty
40W ior that extra special job. Complete with pisted wire stand and
2450wn leacs, 3, Ovder Ref 3P221

YOU SAVE £40

THE JAP MADE 12V
12A-SEALED BATTERY
from regular suppliers
costs £50, you can
have one from us tor
only £10 including VAT
N you collect or £12 I
we have 10 send. Being
sealed # can be used I .

any position and in maimtenance free. All in tip top condition and
fuity pusrartesd, Order Ret: 12P32. Or N you want & smalier one Wi
have 12V 2 JAH. reguiar price £14, yours ior onty £3.50. Ovder Ret
3.5P11

FLASMING BEACON. Uses an XEMON tube and has ambes-colowred
dome with saparste bracket. 12V opersted. Price ondy £8 Order Rel
SP 267,

HIGH RESOLUTION MONITOR. 9° by Philips. in metal frarme lor sasy
mounting. Brand new, offered &t |48 than the price of the tube
sione. £15, Order Ret 15P1

15W 8" SPEAKER AND 3° TWEETER. Amstrad. made kor their tigh
quallty rusic centre. £4 per pait. Order Ret 4P57,

INSULATION TESTER WITH MULTIMETER. Internally generates |
voftages which snables you to read insuistion dicectly in megohoms.
The multimeter has %ow ranges. AC/DC Volts. 3 ranges millamps, 3
1anges resistance and 5 aaip range. These instruments are o3
Beftisr Tolocom but I8 very good condition, tested and cuaranteed
OK. probably cost st keast L£50. yours tor only £7.50 with leads,
carmrying cass £2 extra. Order Ret T.5P4,

We have some of the sbove testers bat slightly faulty, not working
on ol ranges. should be repairable, we supphy. diagram, £3. Order
Ret. 3P176€.

2S0W LIGHT DIMMER. Wl # I pisce of normal wad! switch. only £2
sach. Order Ret 2P380. Note thess are red. blue, preen of yellow
but will take emubsion to suft the colowr of yeur room. Please state
colour required

LCO 31/2° O4GIT PANEL METER. This Is & muiti-range
voltmeter/ammeter ysing the A0 comverter chip 7106 to provide
five ranges each of voits and amgm. Suppiled with full dats sheet
Spacial snip price of £12. Oroer Aet 12919,

MiNI BLOW HEATER. 1hW. ides far uncer cesh or airing cupboard,
1. Noedt only B sirnple mownting rame, L5 Order Ret 5921
MEOQICINE CUPBOARD ALARM. Wil wam when cupbosrd S0of Is
opened, Light makes the bell ring Nesth cased, requires only B
battery. £3. Order Ret 3P155

DONY LET [T OVERFLOW. Be R bath. sink. collas. sump, elic.. this
device will toll you when the water TE8 en 10 the pre-set lvel.
Adjustable, nesthy cased ior wall mounting. £3, Order Ref: 37156, |
DIGITAL THERMOMETER. Surtabie ior outdoors ar indoors, hes an
ortra wide tempeentive range -850 to «70°C. complete with heavy
duty battery which shovid iast several YOars. (ts seasor Can be
outside. but with the read-owt meide. 4, Order Ret: 4P104.

HIGH CURRENT RELAY. 24y A.C. or 12V 0.C., three g
contacts, Ret: 1016
LOUDSPEAKER, 8 Ohm SW. 3.7" round. Ret: 962.

NEON PILOT UGHTS, oblong ior front panel moumting. with intermnal
tesistor ior normal mains operation. pack of fou. Ret 970

31.5MM JACK PLLGS. pach of 10, Ret 975

PSU. maine operated, two outputs, one 9.5V st S50mA and the
othet L5V st 150mA. Ret: 968

ANCTHER PSU. mains opersted. output 15V AC. st 120mA. Ret
989

PHOTOCELLS, sliicon chip type, pack of four, Ret 939
LOUDSPEAXER, §° 4 Otwn SW rating, Ret. 939
LOUDSPEAXER, T" x 5% 4 Otwn 5w, Ret 949

LOUDSPEANER. 4" circular 6 Ohwm 3W. pach of 2. Ref: 951

FERRITE POT CORES. 30mm & 15mm x 25mm. msetching pair Ret:
901

PAXOLIN. PANEL. 82/2" 1 31/2 width electrofytics 250pF and
100yF. Ret. 905

CAR SOCKET PLUG with P.C B. compartment, Ret 917.

FOUR-CORE FLEX vultabie for teleghone extensions, 10m. Ref: 918,
PROJECT CASE. 95mm & 66mm & 23mm with removabie Bd. heid by
fowr scrows. pach of two. Ret 876

SOLENOIDS, 12V to 24V, will push o pull, pack of two, Ret OTT.
2M MAINS LEAD, 3core with imstrument plug mowided on. Ret 879
TELESCOPIC AERIAL. Crwome pisted. extendabie, pack of two. Ret
E54

MICROPHONE, dynamic with normal body lor hand holding, Ret: RSS
CROCOOILE CUPS. supssdor quality fles, can be sttached without
soidering. five sach red and black. Ret:-886

SATTERY CONNECTOR FOR PP3. superior qualtty. pack of foum. Ret
887,

UGHTWEIGHT STEREQ NEADPHONES Ret 936

PRESETS. 4T0 Ohm and 220 Miohm, mountad on single panel. pach
of 10, Ret 849

THERMOSTAT lor ovens with 1/4° spindle to take comtrol knob, Ref
857,

12VQV-12V 10W MAINS TRANSEORMER. Ref S11

1V-QV-12V 10W MAINS TRANSFORMER, Ret 813,

AIRSPACED TRIMMER CAPS, 2pF to 20pF, pack of two, Ret 818,
AMPLIFIER. 9¥ of L7V operated Multard 1143 Ref: 823

2 CIRCUIT MICROSWITCHES. Scon. pach of &, Ret 825

LARGE SIZE MICROSWITCHES changsover comtacts. pach of two.
Ret. 825.

MAINS YOLTAGE PUSHSWITCH with white dolly, through panei
mounting by heragonsl rut. Ret: 829

POINTER KNOB for spindie which ls just undes 1.4°, like moat
thermostats, pach of lour. Ref 833.

SMART HIGH QUALITY ELECTRONIC KITS

All kits are complete with PCB and other componerits 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. L

1003 § watt electronic siren 2.5%
1005  Touch switeh bE Y
1008  SF henction generator 6.90
1010 S-nput stersc minee with monitor output 1931
1016 Loudspeaier protection unit an
1017 Unear CB 30W amp 470
1020 0.5 min. time switch %]
1023  Dynamic headphons preamp 2.50
1025 7 wott hifl power amoitfer 25
1026  Running lights 4.80
1027  NCad battery charger in
1030 Ught dimmer 253
1032  Stersc tone control 3.5%
1035 Space sound effects 230
1039  Stereo YU meter 480
1042  AF generator 250M- 16k 170
1043 Loudness sterss mmit in
1047  Sownd switch 529
1048 Eloctronic thermostat 168
1050  Jnput WA sterec preampiiier 1242
1082 Fngut mono Mmixer 21
1083  Electronic metronome n
1054 Ainput instrument mizer 76
1056  8V-20V B4 stabiised powsr supply 1242
1057 Cassetts head proampifier n
1059 Telephone amphfier 4.60
1060  +40V B A power suppty 8.28
1061 12V 4/2A stabilised power supphy 1%
1062 SV 0.5A stabilsed supph far TT pE )
1063 12V 2A power sepply 130
1064  +12V 0.54 stablined supply n
1087  Sterec YU meter with weads 920
1068 18¥ 0.54 stablleed power bupply .53
1070 HI-A preamplifier T4
1085 D.C. converter: 12V to 6V a9 7.5V or 3¥ 253

1086 Music-to-sgit e your car 460

Cat. Descrigtion Price
No. £

1089  LED, Seeher/ 555 tester 161
1090  Stress meter In
1093 WIROMCIeen wipsd controlher 368
1094 Home slarm system 1242
1095 Load ackd battery charger 348
1100 2 x 1B watt imtegrated smpiifier 1839
1101 Dollar tester 470
1103 LED. power mater 1
1108 Tharmomaeter with Le.ds. 6.90
1107 Elactronics to help win the poois 188
1112  Lowdepeshsr protection with deisy 4.60
1113 2 x 18 wott power ampiifier $.98
1115 Cowrtesy light celdy 207
118 Xznaswitch. with trisc. 0.10 mins 414
1119 Telsphone Ine recorfing device 525
1123 Morse code fenerator 184
1124 Bectronic kel .16
128 Talephone lock 268
1126 Microphone preampifier 460
u Microphone tone comtrot 4.80
11285  Power flasher 12V dg. 25
1133 Stereo soundto-Rght 5.2

TERMS
$end cash. PO. cheque aF quote credit card number — orders under
128 sd £3.50 service charge.

J & N FACTORS

Pilgrim Works (Dept. E.T.I.)

Stairbridge Lane, Boiney,
Sussex RH17 5PA
Telephone: 01444 881965




mm.byushgthemamernaﬁcalwmonbgwooz=2bgwbd.
can be re-written as:

2x 10 logyo (E+/E))

hence, in terms of voltage E:

N. dB = 20 m|o (EJE@)

Current
Similarty in terms of cument |, usingtfereﬁtionshbpowerP:lzR.
yelds :

N dB = 20 logyo (1/1)

Some exampiles foliow. Note that all examples deliberately use
approxaimated numencal values:

In power termns:

a power-gain of x2 ( ratio 2/1), gives:
N =10l0gy (2} = 10x0.3=3dB

a power-gain of x5 (ratio 5/1), gves:
N=10l0g, (6} = 10x0.7 =7 dB

a power-gain of x10 (ratio 10/1), gves:
N =10log,, (10) = 10.x 1.0 = 10 dB

In voltage terms:

a voltage-gain of x1.4 (ratio 1.4/1), gives:
N=20log,; (1.4) =20x0.15
=3d8

a voltage-gain of »2 (ratio 2/1), gives:
N= 20 logyg (2) = 20x 0.3
=6.08

a voltage-gain of x3 (ratio 3/1), gives:
N =201l0g, (3) = 20x 05
=10dB

a voltage gain of x10 (ratio 10/1), gives:
N = 20l0g, (10) = 20 x 10
=20 dB

Appiying the above dB values 1o obtain an acceptably near
approximation of power or voitage gain:

Example 1: Power-gain of 33dB is here converted 10 its numencal
power gain,

33dB = 10dB + 10dB + 10dB + 3 dB
=10x10x10x 2
= power gain of x2000 (cf x1995 true)

Example 2: Power-gain of 67dB is here converted to its numencal
power gain.

67dB = (10+10+10+10+10+10+7) dB

= (10:10x10x 10x10x10 x5)

= power gain of 5x10' {cf 5.01x10)

Example 3: Voltage-gain-of 36 dB is here converted to its numencal
voitage gain.

3608 = 20dB + 10dB + 6dB = 10x 3 x 2
= voltage gain of x60 (cf x63.1 true)

Example 4: Voltage-gain of 126d8B is here converted to its
numencal voltage-gain.

12608 = (20+20+20+20+20+20+6) dB
= (10x10x10x10x10x10x2)
= vottage-gan 2x10 (cf 1.995x106 true)

It is clear from the above that:
In terms of power:

3 dB means a multipication by 2, e twice the onginal power
10dB means a multtiphcationby 10, ie ten times the onginal power

Similarty, a negative dB figure imphes division:

-3dB means a dmsion’by 2, ie half the onginal power
-10B means a division by 10, ie one tenth the onginal power

And in tems of voltage;
6dB means a muttiplication by 2, ie twice the ongnal voltage
20dB means a mutipication by 10, ie ten tmes the onginal voitage

Smiarty , a negative dB figure IMplies dMsIorN:

-6dB means a dimsion by 2, ie half the onginal voitage
-20dB means a division by 10, ie one tenth the onginal voltage

In amateur electronics and radio, decibel usage leans more to
power and voltage and rarely to cument. Now, bear in mind that to
produce a two-foid increase in recenved radio-signal voltage
{considered by some 1o be = one S-point) requires not just
doubing , but guadrupiing of transmitted power (=+3d8+3dB) It is
then obvious that 1dB (= x1.26 power or x1.2 voltage ) and even
2adB (= x1.6 power or x1.3 voltage ) represent not very significant
gains/losses aither in power or voltage terms, hence can be
ignored for many-practical purposes, especially if only approximate
values are sought.

In this case, It is possible to ‘guesstimate’ quite easity the power or
voltage gain/loss equivaient to a given number of dB, by
committing to memory the following six relationships:

Power:

3dB = multiply or dvide by 2
74dB = muttiply or dvide by 5
1008 = muitiply or divide by 10

Voltage:

608 = muttiply or dvde by 2
10dB = muttiply or dnvide by 3
20dB = multiply or dvide by 10

Example 5:

Antenna gain of-16dB:

=(power) 10dB + 3dB + 3dB

=% 10 x 2 x 2 = x40 gain {cf 39.8 true}
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or:

= (voltage) 10dB + 6dB
=x3x2=x6gan (cf 6.3 true)

Example 6;

Power gain of 4708

= 100B8+10dB +10dB+10dB+7dB
= x10 x10x10x10 x5

= 5x10' (cf 5.01x10")

Example 7:

A coaxial cable is quoted as having attenuation of 6dB per
100metres at 100MHz. This means a power loss of 6dB/100m = (-
3dB-3dBy100m = (22)/100m = "4/100metre. Signal power is
thereby reduced progressively by cable kasses, to one quarter of its
former value for each 100m of the cable’s length, or to one half
power per 50m of cable. and so on.

Absolute power , voltage, or current

The previous section showed decibal or decibets as applying 1o
power or voltage ratios, that is, 1o relative power or voltage, and
not to absotute values in watts or voits.

This difference is important in practice. For exampie, if a racho
amateur were t0-say “ have increased my power by 20 watts”, that
would be of no signficance if his onginal power was 1000w, but
very significant if he had increased from 1watt to 21W. Similarty, a
3dB increase in power could mean a change from 2watts to
4watts, or from 4kW to BkW, so to be meaningful in absolute terms
one would need 10 also state the onginal reference power level,
There is however a way around this, and that s to express the ratio
in +/-dB relative to some arbitranty chosen datum or * zero level’.
Datum leveis have been intemationally adopted to suit different
purposes, three of which are grven below as being of direct ntarest
to the radic amateur:

dBm = dB relative to one milhwatt (mW) of electrical power,
whereby 0dB = 1TmW

dBW = dB relative to one watt W) of glectrical power, whereby
0dB = 1W

dBd = dB power or voltage gain (typically of a beam anterna)
retative to a half-wave dipole antenna.

Note that dBd as apphked to antenna gain is stil only relative, n that
it does not provide an' absolute power in watts or level in volts. it
implies an increase in power or voltage over whatever is expected
from tha major lobe of a dipole antenna in a similar location. and
that apphes equally to ether reception or transImssion.

Example 8

33dBm = power increase of x2000 above 1 milfiwatt = (1/1000 W)
x 2000 = 2 watts

-33dBm. = power decrease of 2000 below 1 milwat = (1/1000W) ™
2000 =0.5 microwatt

33dBW = power increase of x2000 above 1 watt = (1W) x 2000 =
2000 watts

-33dBW = power decrease of 2000 below 1 watt = (1W) ™ 2000 =
0.5 millwatt

26dBW = power increase of x400 above 1 watt = (1W) x 400 =
400 watts

16dBd = power gain of x40 relative to main lobe of dipole antenna
16dBd = voitage gain of x6 ralative to main lobe of dipole antenna

In electnical engineering, 0dBmM is taken as being 1miliwatt into 600
ohms (hence 0dB=0.775V ms pd), whereas in radio it iIs more

ikedy to be 1mW into 50 ohms_thence 0dB = 0.224V ms pd). This
is important, for example when using a signal generator the output
attenuator of which s calibrated in dB , and you might wish to
convert that into microvolts pd to determine the sensitivity of a
recever.

Some other dB terms of radio interest are:

dBV = +/-dB relative to 1 volt

dBuV = +/-dB relative 1o 1 microvolt

dBi = antenna gain relative to the theoretical “isotropic” (equal
response N all directions) rackator

dBc = dB relative to camer level, for use in spectrum analysis to
quantify noise, spunous signals and distortion products such as
harmmonics

Cther applicatons of dB in radio nciude the measurement of
receiver sensitivity, adjacent channel selectivity, squelch sensitivity,
ntermaodulation regection, image reyaction and S-meter linearity.

Power v voltage galn
Voltage (or current} gain of an amplifier can correctly be
quoted in dB, even if the input and output impedances are
not equal. if however the input and cutput impedances really
are equal, then voltage dB will numernically equal power dB
and vice-versa, that is, 3dB voltage-gain = 3dB power-gain,
but only when Zin = Zout. That is because there can only be
a direct relationship between voitage dB and power dB if the
impedances across which the voltages are measured are
equal, to cancel out in the previously stated dB formula
based on P=E2/R. But in real life, amplifier voitage-gain Is
often quoted in dB, even when the input and ouput
impedances are unequal, so it must be treated with due care.
Antenna gain is often quoted in dB. This is an example of
where Zin = Zoutt because the feed impedance is a constant,
so that the dB figure applies equally to power-gain or voltage-
gain.

Example 9:
A 16dB gain antenna would produce:

a power-gain of 16aB = (10dB+3dB+3dB}
= (x10 x2 x2) = x40

or,

a voltage-gain of 16dB = (10dB+6dB)
= (x3x2) = x6.

Conclusion

It is useful for all radio and electronics enthusiasts to have at
least a basic understanding of decibels, even if only to
appreciate the meaning of those mystical figures that appear
in antenna adverts and equipment reviews, or to translate
into watts the 26dBW given as permitted transmitter output
power in the UK Amateur Radio Licence. Of course, the full
utility of decibels really comes into its own in complex
calculations such as those for radio link-paths for earth-
moon-earth or meteor-scatter communications. But whether
it be for simple or complex calculations, a pocket scientific
calculator makes light work of conversion from numerical gain
or loss into +/-dB and vice-versa, by using the log key when
converting from gain to dB, and the inv. log key for dB to
galn - not forgetting of course to multiply or divide by 10 for
power and 20 for voltage.
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www.crownhill.co.uk

CROWNHILL ASSOCIATES LIMITED

The Old Bakery, New Barns Road, Ely, Cambs. CB4 7PW
Tel:+44 (0)1353 666709 Fax:+44 (0)1353 666710

sales@crownhill.co.uk

www.lowitoko.co.uk

CHIP DRIVE - PROFESSIONAL
Smart Card Programming System

Crownhill Associates Research & Development
- The Smartest Solution -

Crownhill stock a full range of Smaricards. Smaricard Programmers
and Accessores. From 256 bit memory cards through to RISC
processor cards, tfrom Towitoko professional CHIPDRIVE systems to
OEM IS0 imerfaces. Crownhill offer the widest range ol cards at
some of Europes lowest prices - tull spec’ 1ISO smaricard sockets
from just £1.45 each and RISC processor based Smaricards from
just £3.45 each. Crownhill offer design sarvices for both Hardware
and Software, from feasibility through prototype 10 production.
{volume production facilities are based outside of EC)

Intelligent programmer for Smarn Cards
using the International Standard T=0 or
T=1 protocols also Memory and Secure
Memory using I’C, 2-wire & 3-wire
interfaces. Supplied with software to read
and write to most popular secure smart

cards, inc GSM, PHONE and ACCESS.
CONTROL cards.

T=0or T=1 @ 3.579MHz
RS232 @ 9600 - 11500 bps
Internal Supply / Ni-MH
Size: 100x70x80 mm
Weight 660 Gram

CE compiliant

£79.95

e

CHIPDRIVE starter kit

All you need to develop
applications for the CHIPDRIVE
terminal tamily containing:

& CHIPDRIVE (see left)

& WINDOWS drniver software
with detailed documentation,
many sampie routines with
source code

¢ a selection of Smart Cards

£125.00

PIC Microchip™ Development Systems & Components

PIC Programmaer KIT £18.00
components and high quality PCB
with instructions & circunt diagram.
Complete Micreship™ hibrary on
CD-ROM, assembler, simulator
and program dnver
Programs 16CB4, 16F84 & 24xx

PIC12C508 Development System
Real Tune In Circutt Emulator.
Programmer, Editor/Assembler

10 fully sample programs inciuding
source code

PIC16C84 - £2.00 each
PIC16F84 - £2.10 each
PIC12C508/509 from 80p

Smant Cards
PIC16x84 10MHz
PIC16x84 & 24cl6

24c0l - 65
Phase I ‘phone cards

Urnuversal Programmer
programs all PIC Devices
12¢. 16<. 16F, 17¢, 24c
Includes assembier/editor

Fully Cased with Manual. Leads High Qualty PCB inc ZIF
£ and AC P Supply Ul Skt
‘.’ www. towitoko.co.uk M~ £40.95

Crownhill Associates Limited
Sole UK Distributor

All prices exclude P&P + VAT @ 17.5%

PHONE, FAX OR WRITE TODAY!

GREENWELD

ELECTRONIC COWVIPONENTS

27E Park Road - Southampton - SO15 3UQ
TELEPHONE: 01703 236363 FAX: 01703 236307
E-Mail: greenweld@aol.com INTERNET: http://www. greenweld.co,uk
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SPICED
CIRCUITS

Circuit simulation with software, by Owen Bishop. This month, part 7 - Logic
simulation and a maths package.

n the previous part (Vol 27 issue 1) we looked at

simulation of logic circults by conventional

SPICE-based simulators. But even SPICE

cannot be axpected to be all things to all

designers. It was written for designing integrated
circuits. Subsequently it has been very useful in numerous
applications relating to discrete analogue circuits, but it has
limitations with logical circuits. When we describe a logic
circuit, we do it in terms of gates, and assemblies of gates
(such as flip-flops, counters and registers). Logical analysis is
based on fruth tables.

When we simulate a logical circuit using SPICE, the
nature of SPICE makes it operate at a more fundamental
level, calculating the currents through the transistors and
resistors that go to make up each gate. Analogue analysis is
based on Ohm's Law, Kirchhoff’s Laws and transistor output
characteristics, plus a great deal more. This is siow if the
circuit contalns more than a few dozen components. Logic
gates usually consist of several transistors and other
components, so that they perform in a very robust and
repeatable way. Analysing them by analogue methods
involves many time-consuming calculations for which, In
practice, there Is no need.

For instance, if the voltage at the input of a CMOS gate is
greater than half the supply voltage., it rates at a high input.
With a 5V supply, it does not matter if the voltage is 3V, 4V,
or 5V or something in between, So there is no point it
making the simulator iterate around a resistor/transistor gate
circuit to calculate the voltages to 12 decimal places. A logic
gate can be taken as a black box; given certain inputs, it
gives a predicted output, with vanous but small and
dependable time delays. The whole approach 1o modeling
digitat circuits is different.

The completely SPICE-modelled gate has uses for
simulating mixed-mode circuits but the time that this takes
limits the. number of gates that can be included in a circuit.
And we are tatking about gates, which is still a long way
from modelling logic clrcuits with counters, shift-registers,
arithmetic units, and even further from LS} and VLS! devices.
There Is another reason why SPICE is inherantly unsuitable
for simulating logic circuits. Logic gates change state in a
few nanoseconds but, once changed, may remain in the
same state for microseconds or milliseconds. These are
periods several thousand or million times fonger than the
period of change. It makes no sense to repeatedly’ calculate
voltages and currents for these static periods. The simulator

i Ednt Joem Gimulste O

put  Liwery YWindow

Taots & Time

Figure 1: this version of the JK ripple counter uses a 7449
decoder and a 7-segment display to read the output states

must be event-driven, leaping from one voltage change to
the next. The iterating procedures of SPICE do not fit in with
logic gate timings.

Simulators such as SpiceAge, on which we based the
first five parts of this series, minimise these disadvantages
by breaking away from SPICE in certain respects. SpiceAge
has recently added logic gate primitives and other function
biocks to its range of ‘components’. It also has aigorithms
for automatically calculating the size of the time step, to
produce longer fime steps when feasible and so decrease
analysis time. Going even further, some simulators have
started again from scratch and use a purely l0gic-based
approach to digital analysis. One such simulator is described
below

B2 LOGIC, V3.0

B2 Logic 3.0 is published by Beige Bag Software, of Ann
Arbor, Michigan, who also publish the analogue simulator B2
SPICE which we looked at'in the previous article. B2 LOGIC
is avaiable in Windows and Macintosh versions, and is an
impressive piece of software which is very easy to use.

The first stage in setting up a logic circuit is to draw its
schematic on the screen. As a simple demonstration, we set
up a ripple’ counter, one of the logic circuits that we analysed
last month. Logic elements are seiected from the device
library (right of screen in figure 1, though it can be moved
around). There is a very extensive library including everything
from a plain inverter gate, through all kinds of registers and
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Zoom Simulste Qutput Library Window

Elle Edit

Tools & Time

end of the run we can ask for a
trace, which plots the levels
detected by probes. To
examine these we first need to

attach probes td the three
counter output fines. The 10ns

delay in each flip-fiop is then
clearly seen. Alternatively we
can call up a table of probe
logic levels at preselected time
intervals during the run,

This circuit demonstrates

1-t0-3 Bus Connector
1-t0-4 Bus Connecto
1-t0-8 Bus Conneclor
2-0-1 Bus Conneclo

Figure 2: a simulation of one of many possible simulations of a digital die: The operator has just

‘thrown’ a five

fip-flops to a 74646 octal bus transceiver and register. The
devices are dispiayed as standard JEC (International
Electrotechnical Committee) symbols. There are several
libraries to choose from, including Generic devices, TTL,
LSTTL and CMOS technology. For this analysis we selected
from the Generic library and built a three-stage ripple
counter (it was two-stage a few months ago, but we can be
a bit more ambitious with a dedicated digital simulator). B2
Logic has a usefut set of input and output devices. The high
voltage device (Vcc) provides logic high to inputs that need
it, such as the J, K and reset inputs. Another device, a
clock, is set to have a period of 80ns, with a pulse width
(length of time for which 1t is high) of 40ns,

A probe is a handy device for reading output levels. We
attached one to the clock and set it to display ‘0" for logic
low and ' 1’ for logic high (you car also make it display 'L’ or
‘H'). We could have done the same with the outputs from
the counter but, if we have a ready-to-use 7449 decoder
handy, why not use this instead? The 7449 is a BCD to 7-
segment decoder and the library also has a 7-segment LED
display which is easily attached (by dragging it with the
cursor - simulation has that big advantage over real life). Al
we have to do now i$ to run the simulation angd watch the
display. The ‘Tools and Time' window has buttons like those
on a tape player for reset to zerc time, stop, single step
forward, and continuous run. Single-stepping (for presettable
time intervals) shows the clock alternating between high and
low and the 7-segment display goes through this sequence
repeatedly:

01(0123(2)(0)4514)67(6)(401etc

With 10ns steps, the numerals in brackets are displayed for
a relatively short time. They are the glitches on a ripple
counter that we explained last month. A continuous run
makes the glitch perioas so short that you can hardly notice
them and the counter appears to be running correctly. At the

how a counter can be built up
from flip-flops and then
analysed. f you need counters
in other circuits, you would dig
into the Library and use
complete counter devices
ranging from the 7493 binary
ripple counter to the 74169
synchronous up/down binary
counter with parallel load.

The ultimate
simulation

in the world of simple circuits
there are probably more
designs for egg-timers than for any other function. Second
on the list comes the digital simulation of roliing a die, with
LEDs displaying a random count from 1 to 6 when you press
the stop button. Figure 2 is a simulation of one of the many
digital. die circuits. This is a simulation of a simulation - but it
works. The circuit is driven by the ciock we used in figure 1
but this time its output goes to a counter, a model of the
74L892 counter wired to count repeatedly from O to 5.

The output is decoded by various logic gates, 10'which
seven probes are connected. We have arranged these so
that, if you look for the ‘1's, they produce the conventional
patterns of spots on the face of the die. The number of
gates is fewer than would usually be the case because it
would be uneconomic to use four different kinds of gate,
when building a real circuit. We would probably manage it
just with NANDs and NORs and the simulator could be used
to check out the slightly more complicated logic invoived.

To start the die rofling, click on the continuous run arrow.
Whén you click on stap the display shows the score, in the
figure, the pattern of ‘ONs’ displays ‘five’ . Here we must
reluctantly ieave B2 Logic, which has in fact shown us the
last simulation of this senes, and move on to something
entirely different.

MEXPRESS 1.1

This is one of the newer maths packages, and has a lot to
offer the electronics designer. The simplest way to use it is
as an on-screen calculator. For example, type 25 * sin (1.2)
4 3.27 at the prompt, press ENTER, and back comes the
result, 26.570. it can handle imaginary numbers too. For
example 3.4 + 0.2i multiplied by 2.1 - 5.67i gives the resuit,
8.274 - 18.858I, although entering the calculation is slightly
more involved, The package has a range of over 250
functions, including matrix algebra, statistical functions and
equation solving. Another strong feature of this package is
its flexible system of plotting graphs, both 2D and 3D, and
its ability 1o produce real-time animations. Before we look at
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its graphics we will consider how the mathematical functions
can be of use to the electronics designer. Although
MExpress probably could simulate whole electrenic circuits,
we are not likely to use it for this purpose because it would
take too long to set up the equations and plotting routines
required. Regular simulators have all the required functions
built in already. But there are numerous Instances of design
calculations that we need to perform over an over again, yet
are thaty bit more complicated than can be handled easily on
an ordinary calculator.

To take one very simple example as an illustration, we
often need to find suitable resistor values for a potential
divider, For instance, there is a need for this when we are
trying to bias a transistor, You can, of course just make thig
a one-oft calculation, type in the variables according to the
tormulae and obtain the results. But MExpress goes one
better (actually two better, as we shall see later). We can set
up the calculation plus a few frills in a special .X file. Then all
we do it type the name of the X file at the prompt and the:
routine is automatically called into action. Figure 3 shows
the notepad with the routine entered. The Input statements
ask the user to key in the three values needed for the
calculation. Then the routine calculates ‘outres’, the vaiue of
the output resistor, and also the current through the network,
After printing a heading, the calculated values are displayed.
The contents of Notepad are then saved in a file called
potdiv.X.

Figure 4 shows thé outcome when, back in MExpress,
we type the file name ‘potdiv’ and press Enter. We are asked
to enter the values of input and output voltage and also the
intended total resistance of the chain. The displayed results
show that the output resistor should be 2.2k and the other
resistor 7.8k. Probably the nearest £24 value, 7.5k ?would be
acceptable, Current through the network is 9mA. To recall
the routine for another calculation, simply press the cursor
‘up-arrow’ key a few times until {he original *potdw’
command reappears at the prompt. Key *Enter’ and repeat
the calculation with new values.

This is only the barest routine. Several refinements are
possible, including routines to select the nearest £24 values.
As an illustration of what can be done we-

and input voitage and calculate output voltage. Then, turning
your attention to the 555 timer ic, there are several more
routines which would be very useful to have handy.

Graphics

A picture Is said to be worth a thousand words (or perhaps a
thousand data values) and sc the 3D graphics of MExpress.
are specially useful for portraying the results of certain types
of circuit analysis. As an example, take the response of a
simple RC lowpass filter network, consisting of just one
resistor and one capacitor. Their values are selected 1o give
the fitter a cut-off point of 1kHz. The transfer function of the
filter is given be:

Fis) = wp/(s + ap)

where s is the complex frequency variable, which is
equivalent to (o + jw). These two vanables are measures of
signal frequency (w) and the rate at which amplitude is
changing (o). For a signal of constant amplitude, o= 0, and
we can substitute jw for s in the equation.

MExpress is based on matrices, so the first step is to set
up a matrix s containing the values of s for which we want to
plot values of F(sf. This will be a 2-dimensional matrix with
rows for each value of ¢ and columns for each value of jo
(actually o because MExpress uses the symbol i instead of
i). Values of ¢ are 0 to -8000 in steps of 2000, and values of
jor from Qi t0-3i1in steps of tl. We then form a matrix t,
holding of values of F(s} by using the command:
t=abs(6283/(s+6283));. The term ‘abs’ gives the absolute-
value of the expression, since we are concerned here onty
with the amplitude of the output signal, not its phase. The
value wq =-6283, is obtained from:

oy = 21y

when fg=1kHz. Ali that remains Is to type MPlot(t). to obtain
the 3D graph shown in figure 5. The axis running off to the
left is frequency (jw) and the axis running to the right is the

have added a ‘message screen’. This
comes up on the screen as a typical
Windows message, to warn you if by
accident you have typed in the Ihput and
output voltages the wrong way round. The
message screen can be tallored to fit your
needs. This one has a bold exclamation
mark on it and an ‘OK' button for
acknowledging the message.

We said we could go two better, and the
next step could be to compite the potdiv
routine to produce a free-standing program.
You need a C++ compiler for this.
MExpress translates your .X file into C++,
to which you can add any C++ code of
your own, and compile the lot to produce
your faster-running and more sophisticated
potdiv software. Whether you compile or
not, you can quickly write a number of
variants of the potdiv routine. Another
variant could ask for voitages and network
current and calculate both resistor values.
Another could ask for both resistor values

|oivider
10 *

Help

Edit Search Help

// Potential divider

vin=Input(“Supply voltage? “);

vout=Input( Output voltage? ');
total=input(Total resistance? ~);
outres=total/vinsvout;

othres=total - outres:
currt=vin/total«1000;

if voutd>uin then msgbox{“Error’, "Output exceeds input’,2,1);
end if;

head = {10, “RESULTS DF CALCULATIONS' ,90);
Display{head);

pisplay(“Output resistor = “);
Display(outres) ;Display("” ohms™)
Display(''Other resistor = );
pisplay(othres) ;Display(™ obms™)
Display({Divider current = “);
bisplay(currt); ;pisplay(” ma");

Figure 3: in MExpress, users can type often-used routines into Notepad and save
them for instant use later. This is *potdiv’, a routine useful for calaculating values for
transistor biasing resistors
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Figure 4: the results of a calculation using the potdiv routine

rate of change of amplitude (o). The vertical axis is the
transfer function, or gain, (F(s)). At the orgin (centre front) the
gain is 1, as is expected for a DC signal. Running along the
left-hand edge of the plot we have the response of the filter
1o increasing frequency at constant amplitude - the usual
plot of gain against frequency. Gain falis with increasing
frequency, as would be expected in a low-pass fiiter, but this
does not show up on the graph because the vertical scale is
too large. The reason for this is the tall peak we have
discovered at the point where s = -6000 + 0i. Substituting
this value Into the equation gives F(s) = 6283/283 = 22.2. i
we made g equal to 6283, the resuit would be infinitely large,
and project infinitely upward. We call this a pole. The pole
and fts surrounding region represents a set of conditions

[Me Edit Window licip

Figure 5: the gain of a lowpass RC filter plotted against frequency
and rate of change of amplitude

at which the filter enters a resonant state, perhaps briefly,
and its output voltage exceeds its input voltage by a
considerable amount. Looking for poles is an important
aspect of design because, If there is a chance of the
clrcuit operating in the region of a pole we can expect
severe distortion. Plots such as figure 5 can help in
locating poles.

This ends our brief survey of software useful to the
electronics designer. New programs are coming onto the
market all the time, but we hope that the examples we
have used here wilt help you think ciearly about simulation
and to choose one most suited to your needs.
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TIC TAC TOE

(NOUGHTS AND CROSSES)

A game-In-a-box with a PIC, by Rose and Andy Morell

his is an slectronic game of Noughts and Crosses
which allows you to play against the ‘computer’,
- that is, the PIC 18C64 microcontrolier.

The PIC contains a long program designed to
aliow one or two players to play the game. The
source code Is available (see below). The 16C64 is the

“intelligence® of the unit, and the playing board consists of nine
5mm tncolour leds (LED1 to LEDS). In this way, the lights can
be either green or red when selected, depending on whose
tum it is, as the colour changes automatically. There are alsc
two further leds, LED10 and LED11), which indicate whose
turn it is. The eventual winner is heralded by a tune, which
plays when a game has been won (or lostl), while-the winning
line flashes on and off. Theré are ten pcb-mounted push
switches, including one reset switch. The position of the
buttons corresponds 10 the position of the tri-colour leds, that
i8, it is a 3 x 3 matrix

How to play
With the power on, select either push-switch 1, push-switch 2,
or push-switch 3. To play against an opponent, select switch
1, and to play against the computer, select switch 2 or switch
3. Switch 3 will allow the computer to make the first move, and
Switch 2 leaves you to make the first move. After that, you can
press any one of the nine switches 1o commence play and
make your move. Should you opt to play against the PIC, be
prepared for a rapid responsel

If there is stalermate in the game. you will have-to press
Reset t¢- start a new game. Jf, on the other hand, you or the
PIC should win a game, you will hear a tune {exactly which one
depends on your choice of the sound generator chip during
the construction stage). No further moves will be possible once
the winning move is made. To stop the tune and start a new
game, press ‘reset

How the software works

There are nine memory locations representing the nine leds. On
reset or power-up, the nine memory locations are filed with the
number '8’. The software uses this information to determine
what move to make. Now the game is being played, and you
have just made the first move. Next, it's the PIC's turn, so the
computer scans all three rows of leds, followed by the three
columns, and lastly, the two diagonals, looking for a 'good
move'l

1t does this by looking at the nine memory locations that
represent the nine leds. Once a move has been made, the PiC
puts a *1' in the chosen location for an X", or a '2° for an ‘0",
while a space remains an '8', (The microcontroller is always the
'O’ ) On subsequent moves, the computer scans the memory
locations and adds up the numbers i each row, column, and
diagonal, looking for a line that contains two ‘O’s to win , or
two *'X's 50 that it can block the third *X’ and at least not iose.
To summarise:

1} A win in one movei the PIC only has to put its ‘O’ in the
appropriate space to win.

2) A lose in one move: the PIC must block the *X's’ next move
to avoid losing

3) Neither is possible yet: the PIC will check the centre led 1o
see if it has been occupied. If it has, it will look for *any space’,
and if not it will bag the centre led!

For the ‘computer’ to find a win in one move, there must be
three consecutive locations resulting in a total count of *12
decimal’, that is, two 'O's , and one space: 2 + 2 + 8 = 12.
Therefore, if any row, column and diagonai totals 12, a win in
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Figure 1: the circuit of the Tic Tac Toe
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one move is possible, and the computer only needs to put its
‘O’ mark in that space to win - and celebrate by turning on the
appropriate led. Flashing the winning line, it then lcops away
until Reset is pressed, or the power is interrupted.

Should no total of *12’ be found in any one of the eight
possibilities, then it wil scan again, this time locking for a count
of 1 + 1 + 8 = 10 decimal. This Is *may lose in one move’, and
as before the corresponding space will be taken up with the
computer’s 2, to block that move.

If the computer cannot find a place to put the first ‘O, it will
check the address that represents the middie led, to see if it
has been taken. if not, then it puts its 2 or O in the centre or, if
it has already been taken, it just 1akes any space it can for the
first move only.

A check is made at the end of every move to find a possible
winning row, column or diagonal.

Construction
The foliowing should be sufficient for any hobbyist to build their
varsion of Tic Tac Toe with the pcb and software provided.
There are a number of finks, which should be fitted first.
After that, fit the 40-pin dil socket, taking care not to bend the
pins. Next, fit the single-in-line resistor (SIL1), taking care to put
the ‘dot’ at the 5V pin on IC1, followed by R2-R8. This in turn
is followed by the ten key-switches, SW1-SW10, and the leds
LED1 to LED11, ensuring that the side with the flat edge/short
lead (cathode). is inserted correctly. Next, carerfully insert the

[ PLAYER MAKES A MOVE ]

’_
-«
i -

—+[ FLASH WINNING LINE

COMPUTER SCANS THE MEMORY]
LOCATIONS FOR WIN IN 1 MOVE

3
A
:
§
A

l_BL(XZK OPPONENTS MOVEJ—D

r GO "ANYWHERE'

N

Fm*o-oucsmae LED ]
T

L j

Figure 2: a flow diagram shows how the game program
progresses
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sound generator, IC2, the comrect way round with the ‘flat’ side
facing the keys. There are three capacitors, of which one (C1)
is polansed (and optional). The voltage regulator (also optional)
is fitted next with the "curved’ side facing the leds. A battery
clip or power socket can be fitted to the Veropins, perhaps
with a 9V battery providing the power. A good dc power
supply can be used instead, if required, but please consuit the
section ‘Using the unit’.

Crystals are not used for the timing components. To keep
costs down, a resistor/capacitor network (R10,C3) is used
instead. C3 is from 20 pF upwards, but it is not definitely
needed. The oscillator operated quite happily with a 100k
rasistor on its own on the prototype.

Finally, a piezo speaker is fitted. A suitabie one can be
obtained from Mapiin.

Casing the unit

The pcb was found to fit neatly in a small box, with the two
hatves held together by a ‘hinge’ made of adhasive electrical
tape. Real hinges could have been used, if they are small
enough. We stuck the pcb down with double sided tape inside
one-half of the box, with the other half holding the battenes
(side by side}, and the piezo sounder stuck there also. So the
components are then protected from damage, and the box
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easity opens when it is required. The
box we used was from Maplin and
measured 145mm x 80mm x 32mm,

Using the unit

Once the PIC has been programmed
and the hardware constructed
satisfactorily, the game can be played.
At the start of the game select one
push-switch 1, 2 or 3. This determines
piay (see above). Press the buttons
gently. The game provides endless
hours of enjoyment for children or
adults.

Batterles can be used, but we found
that while the unit (including the PIC)
worked quite happily on a 3-voit
battery, without the vottage regulator,
the display s not so bright.




Line-Up Oscillator
with Glitch

A glitch is a good thing if it tells

you which channel you are in,

according to Tony Sercombe.

hen sending an audio signal to a remote
destination, or to a tape recorder, ft is necessary
to know the average sending levels, and also, in
the case of a stereo signal, 1 know which leg is
stereo rght and which is left. The following circuit
fulfils both these critena.

Tha circuit Is intended to be included within existing audio
equipment, and as such a separate power supply is not
provided, since its requirements are very modest, and it can be
run from vanous voitages.

The circuit

The oscillator consists of a singie transistor, working at 1 kHz.
The output is fed to Q2, which is an N-channel fet connected
as a buffer. This is necessary to prevent loading of the
oscillator, which would lead to severe distortion of the

waveform. The output of the buffer is fed to a resistor network
consisting of three resistors. The two series resistors have the
same total value as the single resistor in parallel. However, at
the junction of these resistors is the point at which the glitch in
the output of one leg takes place. The 220 uF capacitor in
series with a P-channel fet and a 1k2 resistor-form a switch
from this output feed to earth, controlied by IC1. Under non-
glitch conditions. the two output resistances are equal. When a
glitch is applied, the resistance of the fet Q3 is reduced,
aeffectively reducing the signal by the potential divider action of
R12 and R11, the resistance of the fet being negligible.

IC1 operates in the astable mode. R7 and R8, connected
between pins B8, 7 and 6, charge C6, which is connected
between pins 2 and 6, and ground, When this charge reaches
two-thirds of the supply voltage, C6 discharges via R8 into pin
7. The standing voltage on pin 3 feeding the gate of Q3 now
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Figure 1: the circuit of the Line-Up Oscillator with Glitch
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Figure 2: the component layout of the prototype

ramps low-switching Q3 to the low (resistance) state, thus
producing the glitch. The IC is a standard NES55 timer. The
somewhat heavy decoupling on pins 4 and 8 prevents
disturbance on the supply line. The component values shown
at IC1 provide for a half-second glitch every 10 seconds. If
desired, these times may be modified to sult indvidual needs,
and the vailues changed accordingly. However, the values
shown seemad to be about nght in the prototype. It is
important that the glitch should not take place too frequently,
otherwise the frequent repetition may interfere with the line-up
procedure.

In the prototype the signal output level was 150 millivotts,
Measured as 146 mV with a 15-voit supply, dropping to 130
mV with a 9-volt supply. The outputs should be fed to a load of
10k. Much less than this will produce a disturbance of the un-
glitched output. If this is unavalable, you may have to resort to
bufter amplifiers

A circuit layout is provided. When construction is complete,
it is a good idea not to fit the ic immediately, so that the
oscilator may be adjusted more conveniently. | always
recommend the use of ic sockets, so that this is a minor
matter.

Testing

After checking for any construction mistakes, dry joints, etc.,
set the two preset controis to their midway positions. if
possible, connect an oscilloscope 10 one of the outputs. Failing
this, a pawr of medium to high impedance headphones may
suffice. Connect a voltage of between 9 and 15 voits, and
switch on.

At this point, oscillation may not take place. Slight
adjustment of the presents RVt and RV2 will remedy this
situation.

Remember here that these two controls are interdependent,
and since RV1 sets the frequency, and RV2 the purity of the
waveform, there may be a small compromise in frequency
Aaccuracy 10 be made. However, the prototype provided an
extremely good waveéform at a frequency of 1.02 kHz. In any
event, a precise value is not of paramount importance, but
rather a well-defined waveform. if listening on headphones,
check for the purest-sounding note.

Once ttes has been completed, the glitch-can-be-checked.

Remove the supply and put the ic into its socket, After
restoring the supply, the glitch should be noticed as a sharp
dip In output of half a second, every 10 seconds.
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SKVA ISOLATION TRANSFORMER

Secondery 120240V 5000 ME 008 oF Capactarcs
OUTPUT 0-260vV Sae L37 1 W19 1 M. 18cm Weagre 42 Klics. PRICE
Price  PAP £120.00 + VAT

n-werervuse Carvage on gt
05avA25amp m (B0 DRI M50 0
1KVA § amp max

Q500 25 amp man
TKYA § pvp s

fming. Sus M 120 x W éS 1
0.75mem. Brana New Prioe £7 &0 el PP ana VAT

240Y AC WESTOOL SOLEMODS

150 ool approu. Prce sl plo & VAT TT2 B8.08 TTE
€8 81, SERIES 400 {744,

AXIAL COOLING FAN

sonnecta § 200w &C PR, 50400 16120 & Soman far. IR 10 5
Som MY 5 13 ) 10 Py £ 0C Cax € 0 €40 M Bl)

I RANGE A Rumcvestie front end rew panel kr easy ssasmesy of
Wrate/Phone oGt componeay. Grey fren chad Inat
T = PRICE £18.48 INCL. PP VAT 2 off £24 20 inchusve

BLACK LIGHT BL
FLUORESCENT TUBES OVE CAST ALUMINIUM BOX

(£18.45 mg VAT | with intomal PCE gusttes. indernal size 265 x 165 &
£10.58 me W 50mm deep Price (5 90 ot pdp & VAT 2 of E17.00
L -8

12 8 mall £4.80 + TS0 phe 18 52 e VA

B @ wall £3 98 ¢ SO0 plo B3.24 nc WA

On 4 wall £3.98 + $0p pho 3.4 o WA 230V AL SYNCHRONOUS GEARED MOTOAS

T3 AC BALLAST KT Brang new Ovird Gearbor Crouzel type molom
Mm&;&‘:-.mﬂﬂ-ﬂﬂ H 85mm 1 W 58mm 1 D 38mem smm B anatt 1
10mm Wng. & RPM SN ow €999 el pdp & VAT,

The sbove Tubes are JB0A000 arpei. (300 .

soove mad tor oty el i 20 RPM g cw Depth a0 £11,16 incl pdp & VAT

wpon

‘w"o": m’;"p;‘;s 11t.50 « €248 pap (1281 e vAT) ros
500 0P 158 nomd 3 mrp (1008 EPRCHM ERASURE KIT
1780 GPY 190 howt § oo (0 58 Bt ying o EFROM ERASUAE for & fracion of the
230 o pvstutee 20V DG 1730 0PV 138 gt § omp £35.58 || Prow of & mede-up e 4 of parts ipas caee INCR9E 120
AL IGO0 umie) w LeTvrge PTRCES SICLUDE ©45 & VAT 1 8 vl 2537 Ange? Tubs Badast undt. pair of bi-pin leads.
SUPER MY-LIOHT GTROBE PON WBetor. VOGS SWADH. aately WECIOBIRH and

Owesget fur Dbeco, Wu::'u arcust £15.00 « 200 pdp (19 98 s VAT)
[Agcrca 19 puiee m—wm&.g::ﬂn WASHING WACHINE WATER PUMP
jCass ot sedacss £24.08 « 300 plo (F31.79 v AT} BnG new 240v AC. fan cocted. Can D et o 8 varialy
SAE v WS deleds  Wuiulng MpLgM and e (O OUpORes. inel 1vin culiet 1 i s Prios ncludes po &

VAT €11 20 sach o 2 for (20.50 ARty

‘B™w SERVICE TRADING CO

ST BRIDGMAN ROAG, CHISWICK, LONDON W4 588
TEL 0181-995 1560 FAX 0181-995 0!
ACCOUNT CUSTOMERS MiIN, onoen £10

4

Ampls
Purtang Spoce

PROGRAMMES

MICRO - ISP
In- system 8051 Progranmhg m a FLASH!

supports the AVR Microco
Code development for the 8051 family coukd not be easier. Simply
plug the “Socket Stealer Module™ into your existing 8051 socket and
then use the Micro-ISP Programmer to download codeY{and data) to your
target microcontroller without even remowving it trom the target socket.

EQUINOX

TECHNOLOGIES
The Embedded Solutions Company

Sales: 01204 492010 Technical: 01204 491110 Fax: 01204 494883
Visit our web page al: www.equinox.tech.com

Email: sales @equinox.tech.com

e

r All advertisaments in this section must be pre-paid
PPy | Advertisements are accepted subject 10 the terms and conditions

Classified B *

Andy Forder
01442 266551

Send your requirements to:

ETI Classified Depariment, Nexus, Nexus House,
Boundary Way, Hemel Hempstead, HP2 7ST
Lineage: 85p per word {+VAT) (minimum 20 words)
Semi display: {minimum 3cms)

£12.50 « VAT per single column centimetre

Ring tor nformation on senes bookings/discounts

printed on the advertisement rate card {avaiable on request)

S |

Professional 88-108MHz FM Broadcasting Kits

T PR, i chamaten

High Quatity Screen Printed PCBa
High Quaity Components

...

| FM Rerec Coders
Audio Compressor Limiters
Antennas RF Powsr Amps
Link Transmitters and Receivers

I ST WORL DR As
ACCEPY 100N CIIET CARDS

~

ta NO
ontact Us Now

—N A A AL A
Tel 01274 883434 Fax 01274 816200 | \Veronica

omall veronicaiegend.co.uh 1 e % Gusemstry Ent
werw I8N0, 0. LI/ —reroniCel  Matlerd ADYY 1AR
SCIENTIFIC

S W WIRE COMPANY

ENAMELLED COPPER WIRE
TINNED WIRE SILVER
PLATED COPPER WIRE
SOLDER EUREKA WIRE
NICKEL CHROME WIRE
BRASS WIRE LI TZ WIRE
BIFILAR WIRE MANGANIN

http://www.dontronics.com ls
DonTronics Home Page.
Hardware: Atmel and PIC
Microcontrolier prototype and
development boards, Program:
mers, SimmStick (tm

Software: Basic Stamp ||
Windows 95 Front End,
AVRBasic for the AT90S1200,
BascomLT for the AT89C2051,
WIRE TEFZEL WIRE NICKEL Multi-media “Pacman-like” Tutor-
SAE BRINGS LIST 18 RAVEN |  jaj for the PIC16F84 and lots
RD LONDON E18 1HW more

FAX 0181 559 1114

: PRINTED CIRCUIT BOARDS
Postyour 1 W e TESGA QYR 7Y
advert to:

- EDWIN -
NEXUS HOUSE, - EED3 -
BOUNDRY WAY, ~ CADSTAR -
WE COULD BE THE ANSWER.
HEMEL ContaCT SWIFT DESIGNS LTD
HEMPSTEAD' Des-gns@anTlél')’Zsugns.oo.uk
Phone:

HERTFORDSHIRE 01438 310133 - 01438 821811
HP2 7ST -

‘ www.swiftdesigns.co.uk ‘
CLASSIFIEDS
GET RESULTS

<« ASSEMBLY & TEST AVARLABLE
TELEPHONE 01232 738807
— a?rmrm.u-mr-r
sen me o

A
DESIGNED & MANUFA CTURED
* PROTOTYPE OR PRODUCTION OUANTITIE!
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TRANSFORMERS VALVES

| Vvarable vottage
Technology Ltd

TRANSFORMERS
For valve and transistor circufts

PLANS QUARTZ CRYSTALS

ELECTRONIC PLANS, laser
designs, solar and wind
generators, high voltage teslas,
surveillance devices, pyrotechnics
and com-puter graphics tablet. 150

QUARTZ CRYSTALS 100 KH2 -
100 MHZ at low cost. Full list
available and technical advice.
Electronic Design Associates.
Tel: 0181-391-0545. Fax: 0181-
391-5258.

projects. For catalogue, SAE to

HT Filament chokes h age e
i cuﬁ”o,: :;;n 0 o Arerive e Moo Plancentre Publications, Unit 7 CALL ANDY TO
large and small quantities E3 ot O gadsse = 8;‘3“ Oc":";;‘a L Industrial ijélajt;- PLACE YOUR ADVERT
Unit 24€, Samuve! Whites E. Medina Fas: 01484 655899 | \
Roa: éomr:;ufﬂs o’” S talo, ~ oo Email; witsonvaives @ surflink co uk Herelordshire, HR8 2HS. ON 01442 266551

ITB' 01983 280592 Fax 01983 280593|

ATTENTION ALL NORTH AMERICAN READERS!

Did you know that you can order an annual subscription
to this magazine direct from our official
U.S. subscription representative?

For more Information and rates contact:

Wise Owl Worldwide Publications 4314 West 238th Street,
Torrance, CA 90505 4509 Tel: (310) 375 6258
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BASIC Stamps-

repragrammable stamp sired computers

Easy to use BASIC language

@ 8 ot 16 InputOutput lines each 20mA capability

@ 80 or 500 Program lines

® Re-programmable thousands of times from PC

or Mac @ 5-12vO0C Supply. Stamps from £25.00 each.
Development Kits Including programming software,

DISTANCE
LEARNING COURSES in:

Analogue and D|g|ta| Electronic Stamp, Cable, ProjectBoard and 25+ Application
Circuits, Fibres & Opto-Electronics notes*from £79.00.

Programmable Logic Controllers :

Mechanics and Mechanisms MUSCLE WIRES
Mathematics Wires that contract approx 5% when heated

(eg 250mA current) -120 page Projeca book

. and 3 one metre lengths of wire. £40.60

i Courses to suit beginners

and those wishing to update STAMP BUG
5 o p Autonomous roving insect ustng the BASIC Stamp
their knowledge and practical skills » a3 118 *hrain”. Approx 300mm overall length,
% Courses are delivered KITS FROM €29.00 ) -

as self-contained kits
No travelling or college attendance
} Learning is at your own pace

@ Courses may have ‘r" -

BTEC Certification and Tutoring LYNX ARM
S Axis robot arm kit; approx size 300mm

Control from any serial comms port or Stamp.

Inc ludes software to run from PC. KITS FROM £85.00

For information contact:

NCT Enterprises

Barnfield Technology Centre

Enterprise Way, Luton LU3 4BU

Telephone 01582 569757 - Fax 01582 492928

Electronic T e M T
SUfPIUS Components [Pt e,

Example price each for 25 off quantity: v e (12v 1 gnd end deo out) Now
27256-2 75 78M09 .20 ﬁ&'ﬂ?ﬁ'&fé‘.‘ﬁ.‘.‘&%.:m‘u’?’ e T R e T Er e
270256' 120 .75 78M12 20 Bowe carpras o w0 3120500 ety 4,4x) Jrvn pendor  Diards [2.95
27C512-2 1.80 7812 .20 :‘L‘:ﬁﬁi“w:ﬁ:;; E.&A.""m:':"_..""?..:mnm&‘%u
27C1001-20 2.60 7815 .20 B o P S
CD40468CN .20 7906 20 :d?.::‘?wm: [=" %, 3 00:’..:: m"ﬂ' LW:P:S:LC 18 surtare moueng

3382 drwr apy Corwrs i § hmed focus pan hole lerg ﬁwhm £1.9%
o huing et & vty wral ROl £57.vel w (8498 DC-OC corwerter Relabsily modsl V1268 12y i Sy 200me
SOMC wze Judtx28rvn comers iy C mout iers e out 300v nput 10 cudput ipolation: with dats £4.95 sach or

CD4066BCN .10 4N25 10
MC74HC373 .16 LM339N .09 !
Write, FAX, Phone or e-mall for full list

Harrison Electronics e T T
Century Way, March, Cambs. PE15 80W
email: harrison.electronicsemcmall.com

Tel/Fax:(01354) 651289
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; —Lm STEVENAGE i T B e )
Professional Sub-Contract Manufacturing & Suppiiers to the rau g S, R dal e o i e Yo e
Electronics Industry o i g ey tag 85907 Y 200 480 o £1.49 0o 100 Vectam RX91
pree S npe Yy wsed on Nt
Do you have a requirement for any of the following services: e - i A I e e i T 1 T
PC8 Assembly {Conventional and  Produc! Design/Consuttation 1" = ot rormelly &1 siock elow | wwsk o devery) compaund hie CO.98
Surlace Mount} Full Procurement Service B e O .
Wave & Hand Soldering PCB Test & "Bum In* Facilities gm 2xV90WTS (4ohm oadh) 11k §339.00 LM 555 tmar &£ 189, 8 pn DI sockel 85 & products
i ASD0 21 400Wrrme, load) €588 00 n
Complete Equipment Enclosure Design & Manufacture LB o > o ,:.'," e .“'“..,. yoiow 11p m‘; g-m“mm#uwmmw
Manufacture PCB Artwork Manufacture S8ch Catie Sos 15 ach £5.98 per 100D £40.50 per 10,000 kit rechargeabi hafienss Capecaons Yook $IE wways iy
Device Programming from hand Circuits Drawn Professionally Bacperpage banades swoc
witton shis.of PC 34" disc Kit Procurament & Supoty AR doon e, oo o i s £t 2010119 s 1 st o S
Cable Hamess Assembiyfioom Component Sales 2001 e gcker 1000 ::: m V2 1280 g @riraees may be witdect 0 heper P45 0 Npary Bei
| Manufacture Refurbishment a speciality o b U i e s e e il
Card Cage and Module Wiring Top Quality Work at Reasonable bapagreiire-hy e o ::A'::»::
Full Inspection Rates st piser-dueindll JPG ELECTRONICS
Phone Steve on (01438) 360406 or fax detalis of your requirements to us mm&mm "
on ;01433) 352742 SOeca ety Divase Chich for vidabiity 4ick
ECT LTD, Cromer House, Caxton way, STEVENAGE, HERTS, SG1 20F P A ot
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Peak Electronic DCA50
Component Analyser

A neatly made analyser than can
identify transistors, diodes and LED and
give the pin-outs quickly and without
fuss.

he DCAS0 is an anatyser designed to identify discrete
sermiconductors and ther connections. It can test a
vanety of two-terminal or three-termmal devices,
chiefty diodes, mostets and bipolar transistors. 4
Three-terminal diode networks can be tested for the
presence of diode junctions, and the indndual junctions can be

The analyser has three leads - in red, green and biue for quick
identification - each terminated in a mintature crocodile clip. The
readout is a two-line liquid crystal dot matrix display. The heart of
the instrument is a PIC16C64.

Components are tested simply by connecting each of the two
or three connections of the component to the crocodile cips in
any order and operating the one button on the front panei. For a
couple of seconds, the urt displays the message “DCAJS0
Component Analyser (R1010)", and then the analysis. such as
“NPN Transistor RGB=>BEC Hfe=460", appears. This message
was displayed when testing a BC109 transistor, The second time
tested the same dewvice, the Hie reading came up as 445.

The tester can identity signal diodes, rectffier diodes, zeners
and aiso identify the terminals of a hight emitting diode, and flash
the component for a visual indication that it is functioning
(regardiess of which way round it is).

At more length, the main components that can be tested are
P- and N-channel enhancement mosfets; NPN and PNP
transistors; diodes and-diode networks, anct LEDs. It can indicate
Hfe for bipolar transistors in the range 5 to 955, with an error of 5
Hfe and +/- 4 percent of the reading. Darfington transistors can be
tested, but are likely to exceed the maximum range of
measurement, in which case a reading of 955 is displayed.

The DCAS0 cannot, apparentty, test depletion mode mosfets
and junction fets (which are inevitably depletion devices, and
therefore not supported. They are, in any case, not in such
widespread use as they used to be) but it will ndicate the anode
and cathode of any diode junctions, which effectively dentifies the
gate, and detenmines whether the device is N-channel or P-
channel. The same method is used to read faulty transistors (if
they are readable at all). f the current gain is very low or non-
exdstent, the DC50 should be able at least to identify one or both
diode junctions. Some dicde-protected transistors cannot be
accurately identified.

The analyser's crocodile clips are small, but they are not small
enough to make easy contact with the thin wires of TO92
transistors. Surface mount devices are even harder to connect to.

It is very useful in that it can identify the pin connections of
unknown demvices, iIncluding the determination of which is the
collector and which the emitter in junction transistors. it is easy
enough to identify the base by using an orcinary muftimeter on the

diode test range, but to identify collector and emitter automatically
saves a lot of effort.

Black and blue

The black case feels robust encugh for general use, and fits neatly
n the hand. The styish metallic biue lettering on the case s more
eye-catching than easy 10 read, but this may actually be an
advantage, as it does not distract from the display.

The unit is specfically for examining components out”of circuit,
and inciudes a waming agamnst tnang to test components in a
powered circuit, as damage to the analyser and possibly the test
crcuit may occur,

it will be a useful aid in replacing components N equipment
which Incorporates discrete semiconductors, particularty
semiconductors with indecipherable markings. It will also help in
making sure that semiconductors are connected up comectly in
prototypes.

in operation, 1t is handy and trouble-free. You simpty connect it
up to the component, press the single button, and it gves you a
readout. The readout is clear, and as long as you have read the
nstruction booklet 1o make sure that you understand the
comespondences on the readout, you should know at cnce which
leads are the collector, base and -emitter, or cathode (k) and anode
(a), depending.on the kind of readout gven

The instructions give a table of testable component types and
the parameters within which they can be tested accurately. The
makers say that the anatyser is optimised for the vast majonty of
supported component types; a minonty will fall cutside the
required operating conditions.

Maintenance on the component analyser amounts to making
sure that the PP3 or equivalent battery is changed at least every
18 months to guard against inadvertent battery leaks. A battery
warning appears when the battery is nearing the end of its Ife.

Although it may be more than the hobby user would spend in
order to identify the occasional recalcitrant transistor, the DCAS0's
basic Iist price of £49 is good for a PIC-drven instrument with this
much functionality, and is well worth considenng if there is much
component identification to be done. We found it particularty
useful for quick-testing diodes from the diode box before using in
displays Or prototypes.

The 8-page instruction booklet is easy to follow and clearty
flustrated, and includes the parameter kst for components capable
of being tested accurately.

For information, prices etc. contact Peak Electronic Design, 70
Nunsfield Road, Budon, Derbyshire SK17 78W, UK.
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than the much finer beams used in more
aexperimental research. it had been
expected that technology still in very earty
stages of development, such as extreme
ultraviolet or x-ray lithograptiy, would be
needed o achieve such small lines, but
instead it has been done with the same sort
of optical technology used for the current
generation of 0.25 mécron semiconductors.

it is not yet known whether this wil tum
out to be a commercially viable process,
and Rt is likely 10 be several years before this
is determined. One interesting things is that,
using the 193-nanometre wavelength of
hight, the features etched are effectivety finer
than the etching beam used.

But beside this dramatic progress, in the
USA, as in the UK, there is a shortage of
technical skills. Amencan companes have
asked the government to increase the
number of foreign workers who can be
given temporary visas, Companies as
reputable as Microsoft, Cypress
Semiconductor, and Texas Instruments are
all reported 10 be lamenting the skills
shortage.

Texas Instruments’ Stephen Leven is
reported to have found evidence that the
image of high tech workers is distinctly
uncool with American youth. *Recentty, |
was shown a drawings by children asked to

~aLL8 A Ll L\ LN

pocket protectors,
umpled clothing ..."

that the engineering
an more comic. The

Dher salanes to attract the
are avalabie, whie'in Britain,
Baianes are not 100 bad for
people, they are not in the same
aa. As an exampie, $40,000 (about

£25,000) was offered for graduates with a..
very modest bacheior's degree from an
average colege.

Britain's attitude is compounded by
some of the great and the good who think
that the ability to understand anything
technical means an inferior intellect. There is
certainly a difference in outiook between
engineers and polticians, As we know,
engineers tend 10 regard facts as
reasonably fixed and verifiable, while
pofticians sometimes seem 1o regard them
as infinitety mutabie.

The attitude is typified by an MP on the
first day TV cameras were used in the
House of Commons. The interiewer asked
whether he would watch his performance
on video afterwards, and he replied, with
pnde nnging in his voice, that although they
had a video recorder, neither he nor his wife
knew how to operate it.

This was an extreme indication of the
ignorance of the true economic significance
of science and technoiogy. Despite, or
perhaps even because of this, governments
the world over react slowly 10 most
technological advances.

Speaking of which, we hope o have an
ET page on the World Wide Web soon. The
url will be published as and when fl is set
up. if you try a search engine, you may get
a preview before the magazine containing
the ur is published.
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; ¢ ) 'mte 8051 Pft‘)g‘rafém’er r‘:t:ac hware for W:ndows'
l'* ' S " M‘ crocontrollen?ngramme@ - - :

> ":‘ JWNLASHS!ZQSS
0 » \ Generic 87CS1/52/FA/FB/FC
: , “microcontroller derivatives

K Stamer System

_ .ina FLASH
valuation Mule‘andfl(ﬂ 2K >

A Keil 8051 C compiler, Assembier,
Simulator (2K code), Windows™ IDE

) Order Code: PKS1-2K

89S Socket Stealer
Module

Simply plug this into your existing 8051 or AVR™
socket for MSTAMT In-System Programming
] - MO Target -
. : System
= !! ' redesign
5 Order (¢ _“ UISP-v2.§° required

fitimel 905 (AVR)

J!r-- ntroller family

arallel Programming
mode in ZIF socket 2

* Supports In-System Programr&og
via ribbon cable (provided)

* Equinox FAST ISP Progrémmmg
Algorithm )

* All on-chip fadilities supported eg RC Osc.

SYSTEM CONT

FTECHNOLDGIES

The Embedded Solutions Company

PROVIDING THE
SOLUTIONS T0

» Professional Device Programmet Power Supply l
o Atmel AVR™ Assembler C ISP Ribbon Cable Y R B
= AVR™ Basic Lite Compiler (NEW)_ " {to target) 0

+ Atmel Databook on CD ROM *_Serial Cable (to host PC} — (0) 120 ——
' el: +44 1204 529
Fax: +44 (0) 1204 535555

For product information visit our web site at:
www.equinox-tech.com
E-mail: sales@equinox-tech.com
3 Atias House, St Georges Square, Bolton, BL1 2HB UK

« Compiled BASIC generates tijht AVR™ machine code
* Not a Run-Time Interprater; NO code averheadl:

¢ Target speeds comparable with assembler

* Breaks the cost barrier for small prajects

From Only £24.95! e« Ideal for adycational, hobbyist and prafassional use

Equinon reserves the nght to change prices & speutications of amy of the above pmducts W BROE. K1 ricws s oxchisrve of. VAT & carviage. AVR™ is 3 trademark of the Atmel Corporation




DATAMAN-L4BLYV

+ Plugs straight into parallel port of PC or
laptop

* Programs and verifies at 2, 2.7, 3.3 & 5V .
+ True no-adaptor programming up to 48
pin DIL devices .

+ Free universal 44 pin PLCC adaptor

« Built-in world standard PSU - for go-
anywhere programming

+ Package adaptors available for TSOP, .
PSOP, QFP, SOIC and PLCC "
+ Optional EPROM emulator "

DATAMAN S4 '

* Programs 8 and 16 bit EPROM;,
EEPROMSs, PEROMs, 5 and 12V FLASH,
Boot-Block FLASH, PICs, 8751
microcontroliers and more

* EPROM emulation as standard

* Rechargeable battery power for total
portability

+ All-in-one price includes emulation
leads, AC charger, PC software, spare
library ROM, user-friendly manual

* Supplied fully charged and ready to use

S4 GAL MODULE

Still as unbeatable as ever. Beware of
cheap imitations. Beware of false
promises. Beware of hidden extras.

If you want the best, there's still only one
choice - Dataman.

Order via credit card hotline - phone
today, use tomorrow.

Alternatively, request more detailed
information on these and other market-
leading programming solutions.

ll“llllllllllllllll
g L3

SURELY NOT.
SURELY SOMEONE SOMEWHERE HAS
DEVELOPED A PORTABLE PROGRAMMER
THAT HAS EVEN MORE FEATURES, EVEN
GREATER FLEXIBILITY AND IS EVEN
BETTER VALUE FOR MONEY,

ACTUALLY, NO. BUT DON'T TAKE OUR
WORD FOR IT. USE THE FEATURE
SUMMARY BELOW TO SEE HOW OTHER
MANUFACTURERS  PRODUCTS COMPARE.

Programs wide range of 20 and 24 pin
logic devices from the major GAL vendors

Supports JEDEC files from all popular
compilers

3 year parts and labour guarantee
Windows/DOS software included
Free technical support for life

0130
wEYE O

Orders recerved by &pm will normally be despatched same day
Order today, get'it tomorrow!

DATAMAN

Dataman Programmers Ltd, Station Rd,
Maiden Newton, Dorchester,

Dorset, DT2 OAE, UK

Telephone +44/0 1300 320719

Fax +44/0 1300 321012

BBS +44/0 1300 321095 (24hr)

Modem V,34/V.FC/V.32bis

Home page: http/iwvww.dataman.com
FTP; ftp.dataman.com

Email: sales@dataman.com

Next day delivery - always in stock
Dedicated UK supplier, established 1978



