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PCPAL VGA TO TV CONVERTER Converts a colour TV into
8 basic VGA screen. Complete with built in psu, lead and s/ware.
£49 95. Ideal for laptops or a cheap upgrade.

EMERGENCY LIGHTING UNIT Complete unit with 2 double
bulb Aicogights, builtin charger and auto switch. Fully cased 6v 8AH
lead acid req'd (secondhand) £4 ref MAG4P11

GUIDED MISSILE WIRE. 4,200 metre reei of ultra thin 4 core
insulated cable. 28ibs breaking strain, less than 1mm thick! Ideal
alarms. intercams. fishing, dolls house's etc. £ 14.99 ref MAG15P5
SINCLAIR C6 13" WHEELS Compiete with centre bearing
(cydetype), tyre and inner tube. £6 ea ref MAG 6P10. Ideal go kart
300v PANEL METER 70X60X50MM, AC, 90degree scaie. Good
Quakty meter. £5.99 ref MAG 6P14 Ideal for monitonng mains etc.
ASTEC SWITCHED MODE PSU BM41012 Gives +5 @ 3.75A.
+12Q1.5A -12(0.4A 230/110, cased. BM41012 £5 99 rel AUGEP3.
TORRODIAL TX 30-0-30 480VA. Perfect for Mosfet amplifiers
etc 120mm dia 55mm thick. £18.99 ref APR19.

AUTO SUNCHARGER 155x300mm solar panel with diode and
3metrelead fitted witha dgarplug. 12v 2watt. £9 99 ea ref AUG10P3.
FLOPPY DISCS DSDD Top quality 5 25° discs. these have been
wrtien to once and are unused. Pack of 20 is £4 ref AUG4P1
MOD WIRE Perfect for repaiing PCB's, wire wrap etc. Thin
insulated wire on 500m reeis Our pnce just £9.99 ref APR10P8.
12v MOVING LIGHT Controiler. Made by Hella, 6 channels rated
at S0watts each. Speed contral, cased. £34.99 ref APR3S
ECLATRON FLASH TUBE As used in police car flashing ights
etc. full spec supplied, 60-100 flashes a min. £9 99 ref APR10P5.
24v AC 96WATT Cased power supply New £13 99 ref APR14
MILITARY SPEC GEIGER COUNTERS Unused and straight
from Her majesty’s forces £50 ref MAG 50P3

STETHOSCOPE Fully functioning stethoscope. ideal for listening
to hearts. pipes. motors etc. £6 ref MAREPS

OUTDOOR SOLAR PATH LIGHT Captures suniight dunng
the day and autamatically switches on a bult in lamp at dusk
Complete with seales lead aad battery etc £19 99 ref MAR20P1
ALARM VERSION Of above unit comes withbuilt in alamm and pir
to deter intruders Good value at just £24 99 ref MAR25P4
CLOCKMAKER KIT Hours of fun making your own clock. com.
plete instructions and everything you need. £7.99 ref MAR8BP2
CARETAKER VOLUMETRIC Alam, will cover the whale of the
ground floor against forcred entry. Includes mains power suppty and
integral battery backup. Powerful internal sounder, will take extemal
beil f req'd. Retasl £150+, ours? £49.99 ref MARSOP1
TELEPHONE CABLE White 6 core 100m reet complete with a
pack of 100 dips Ideal ‘phone exins etc. £7 99 ref MARBP3.

IBM PC CASE AND PSU ideal base for building your own PC
Ex equipment but OK £9.99 each REF: JUN10P2.
MICRODRIVE STRIPPER Small cased tape dnves ideal for
stnpping, lots of useful goodies Induding a smart case. and lots of
components £2 each ref JUN2P3

SOLARPOWER LAB SPECIAL You get TWO 6°x6° 6v 130mA
solarcells, 4 LED's. wire, buzzer, switchpius 1 reiay or motor. Superd
value kit just £5 99 REF: MAG6P8

SOLID STATE RELAYS Wil switch 25A mains Input 3.5-26v
DC 57x43x21mm with terminal screws £3 99 REF MAG4P 10
300DPIA4 DTPMONITOR Brand new but shop sailed so hence
bargan pcelTTUECL Inputs, 15° landscape, 1200x1664 pixel
complete with circuit diag to heip you interface with your projects
JUSTE14 99. REF JUN15P2

MULTICORE CABLE 300 metre reel of grey 8 core cable ideal
for ‘phones, intercomms, computers. alarms etc. Comes In
specaldispensing container to avoid tangles. £15 ref AUG15
BUGGING TAPE RECORDER Smallvoice actvated recorder,
usesmicro cassette complete with headphones £28 99 ref MAR29P1
ULTRAMINIBUG MIC 6mmx3 5Smm made by AKG. 5 12v electret
condenser. Cost £12 ea, Our? four for £9.99 REF MAG10P2
RGB/CGA/EGA/TTL COLOUR MONITORS 12 in good
conditon Back anodised metal case. £79 each REF JUN79
GX4000 GAMES MACHINES retums so ok for spares o repair
£9 each (no games) REF MAGIP1

C64 COMPUTERS Retums. 50 ok for spares etc £9 ref MAGIP2
FUSELAGE LIGHTS 3 foot by 4° panel 1/8° thick with 3 panels
that glow green when a voitage s applied. Good for night ights front
panels signs,disco etc. 50-100v per stnp. £25 ref MAG25P2
ANSWER PHONES Returns with 2fauts. we give you the bits for
1 fault, you have to find the other yourself. BT Response 200's £18
ea REF MAG18P1. PSU £5 ref MAG5P12

SWITCHED MODE PSU ex equp, 60w +5v @5A. -5v@.5A.
HX@2A-12v@.5A 120/20v cased 245x88x55mm 1ECinput
socket £6.99 REF MAG7P1

PLUG IN PSU 3V 200mA DC £2 99 each REF MAG3P9
PLUG IN ACORN PSU 19v AC 14w . £2 99 REF MAG3P 10
POWER SUPPLY fully cased with mains and o/ leads 17v DC
900mA output Bargain price £5 99 ref MAGEP9

ACORN ARCHMEDES PSU +5v @ 4 4A onjoff sw uncased,
selectable mains input. 145x100x45mm £7 REF MAG7P2
GEIGER COUNTER KIT Low cost professional twin tube, com-
plete with PCB and components. Now onty £19 REF AUG19.

9v DC POWER SUPPLY Standard plug in type 150ma 9v DC
with lead and DC power plug pnce for two 1S £2.99 ref AUG3P4
AA NICAD PACK encapsulated pack of 8 AA nicad battenes
(tagged) ex equip, 55x32x32mm £3 a pack. REF MAG3P11
13.8V 1.9A psu cased with leads. Just £9.99 REF MAG10P3
360K 6.26 brand new half height floppy drives IBMcompatble
industry standard. Just £6.99 REF MAG7P3

PPCMODEM CARDS. These are high spec plug in cards made
for the Amstrad laptop camputers 2400 baud dial up unit complete
with ieads Clearance pnce is £5 REF: MAGSP1

INFRA RED REMOTE CONTROLLERS Orginalty made for
hi spec sateilite equipment but perfect for all sorts of remote control
projects. Our dearance price is just £2 REF: MAG2

TOWERS INTERNATIONALTRANSISTORGUIDE. A very
useful book for finding equivalent transistors, ieadouts, specs efc.
£20 REF: MAG20P1

SINCLAIR C6 MOTORS We have a few ieft without gearboxes.
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SNOOPERS EAR? Onginal made to ciip over the earpiece of
teiephone to ampify the sound-it aiso works quite wall on the cable
runming along the walll Pnce is £5 REF: MAGSP7

DOS PACKS Microsoft version 3 3 or higher complete with all

Spec is12v DC 3.300pm £25 ref MAG2S.
-..........-......NEW pRODUCT.-..-..-............
200 WATT INVERTER Converts 10-15v DCinto
either 110v or 240v AC. Fully cased
115x36x 156mm, complete with heavy duty power
lead, cigar plug, AC outlet socket Auto overload
shutdown, auto short circuit shutdown, auto input
over voltage shutdown, auto input under voltage
shutdown (with audible alarm), auto temp control,
unitshuts down if overheated and sounds audible
alarm. Fused reversed polarity protected. output
frequency within 2%, voltage within 10%. A ex-
tremely well built unit at a very advantageous
pricelitPrice is £64.99 ref AUG6ES.

UNNVERSAL SPEED CONTROLLER KIT Designed by us for
the C5 motorbut ok for any 12v motor up to 30A Complete with PCB
eic A heat sink may be required £17.00 REF: MAG17
MAINSCABLE Precut black 2 core 2 metre lengths ideal for
repairs, projects etc 50 metres for £1.99 ref AUG2P7.
COMPUTER COMMUNICATIONS PACK Kit contains 100m
of € core cable, 100 cable dips, 2 line drivers with RS232 interfaces
and all connectors etc. Ideal low cost method of communicatng
betweenPC's over along aistance. Completekt £15 99 ReMAR 16P2
MINICYCLOPS PIR 52x62x40mm runs on PP3battery complete
with shnll sounder. Cheap protection at only £5.99 ref MARGP4.
ELECTRIC MOTOR KIT Comprehensive educational kit in-
cludes all you need to build an electnc motor. £9.99 ref MAR10P4
VIDEQ SENDER UNIT. Transmits both audio and video signals
from either a video camera, video recorder. TV of Computer etc to
any standard TV setin a 100" rangel (tune TV to a spare channei) 12v
DCop Pnceis£15 REF: MAG1S 12vpsuis£5 extra REF: MAGSP2
*FM CORDLESS MICROPHONE Smal hand heid unt with a
500 range! 2 transmit power leveis. Reqs PP3 9v battery. Tuneabie
1o any FM recewver Priceis £15 REF: MAG15P1

LOW COST WALKIE TALKIES Par of battery operated units
with a range of about 200" Ideal for garden use or as an educational
toy Pnoets £8 apair REF: MAG BP1 2x PP3 req'd
‘MINATURE RADIO TRANSCEIVERS A parr of wallde talkies
with a range of up to 2 kilometres in open country. Urits measure
22x52x155mm Complete with cases and earpieces. 2xPP3 req'd.
£30.00 par REF: MAG30 .

COMPOSITE VIDEO KIT. Converts composite video into sepa-
rate H sync. V sync, and video. 12v DC £8.00 REF: MAGSP2.
LQ3500 PRINTER ASSEMBLIES Made by Amstrad they are
enbre mechanical prnter induding printhead, stepper
motors etc etc In fact everything bar the case and eiectronics. a good
stnpper £5 REF: MAGSP3 or 21or£8 REF: MAGBP3
SPEAKER WIRE Brown 2core 100 foot hank £2 REF- MAG2P1
LED PACK of 100 standard red 5m leds £5 REF MAGSP4
UNNERSAL PC POWER SUPPLY compiete with fiyleads,
switch, fan etc. Two types available 150w at £15 REF-MAG15P2
(23x23x23mm) and 200w at £20 REF: MAG20P 3 (23x23x23mm)
*FM TRA NSMITTER housed in a standard working 13A adapter]
the bug runs directly off the mains so lasts forever! why pay £700? or
price is £26 REF: MAG26 Transmits to any FM radio

*FM BUG KIT New design with PCB embedded coil for extra
stabiity Works o any FM radio. 9v battery req'd £5 REF. MAG5P5
*FM BUG BUILT AND TESTED superior design to kit. Supplied
to detective agencies. 9v battery req’d £14 REF MAG14
TALKING COINBOX STRIPPER onginallymade to retail at£79
each. these units are designed to convert and ordinary phone into a
payphone. The units have the locks missing and sometmes broken
hinges However they can be adapted for the:r ofiginal use or used for
something eise?? Price is just £3 REF: MAG3P1

100 WATT MOSFET PAIR Same spec as 25K343 and 2SJ413
(BA.140v,100w) 1 Nchannei, 1 P channel, £3 a pair REF: MAG3P2
TOP QUALITY SPEAKERS Made for Hi Fl teievisions these are
10 watt 4R Jap made 4° round with large shieided magnets. Good
quality. £2 each REF: MAG2P4 or 4 for £6 REF: MAG8P2
TWEETERS 2* diameter good quality tweeter 140R (ok with the
above speaker) 2 for £2 REF: MAG2PS or 4 for £3 REF: MAG3P4
AT KEYBOARDS Made by Apricot these quality keyboards need
justa small modtorunon any AT, they work perectty but you will have
1o put up with 1 or 2 foretgn keycaps' Prce £6 REF: MAGSP3

PC CASES Againmixed types so you take a chance nextone off the
ple £12 REF:MAG12 of two the same for £20 REF: MAG20P4
HEADPHONES Ex Virgin Atlantc 8pairsfor£2 REF: MAG2P8
PROXMITY SENSORS These are small PCB's with what iook
ke a source and sensor LED on one end and lots of components on
the rest of the PCB. Complete with fiy leads. Pack of 5£3 REF: MAG:
3PS or 20for €8 REF: MAGEP4

*SOME OF OUR PRODUCTS MAY BE UNLICENSABLE M THE UK
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PORTABLE 12V

Is or price just £5 REF: MAGSP8 Worth it just for the very
comprehensive manuall 5 25° only
DOS PACK Microsoftversion 5 Onginal software but nomanuals
hence only £3 REF: MAG3P8 5 25" only
PIR DETECTOR Made by famous UK alam manufacturer these
are hi spec, long range internal units. 12v operation. Slight marks on
case and unboxed (although brand new) £8 REF: MAGBPS
WINDUP SOLAR POWERED RA DIO AMFM radio complete
with hand charger and solar paneil £14 REF: MAG14P1
MOBILE CARPHONE£6.99 weil amost completein carphone
g the box of nomially hidden under seat. Can be
made to illuminate with 12v also has bult in ight sensor so display
only lluminates when dark. Totally convincingl REF MAGEP6S
ALARM BEACONS Zenon strobe made to mount on an extemal
beil box but could be used for caravans etc. 12v operation. Just
connect up and it Nashes regularly) £5 REF: MAGSP11
FIRE ALARM CONTROL PANEL High quality metal cased
alarm panel 350x165x80mm With key Comes with electronics but
no informaton sale price 7 99 REF: MAGSPS
REMOTE CONTROL PCB These are recever boards for garage
door opening systems. Another use? £4 ea REF: MAG4P5
8"X1Z° AMORPHOUS SOLAR PANEL 12v 1565x310mm
130mA Bargain price just £5.99 ea REF MAGEP 12
FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99
ref MAGSP 13 ideal for expenmenters! 30 m for £12.99 ref MAG13P1
LOPTX Line outputtransformers beileved to be for IBM hi res colour
monitors but useful for gettng high voltages from low ones! £2 each
REF: MAG2P 12 bumper pack of 10 for £12 REF. MAG12P3.
HEAT SINKS (Anned) TO220, designed tomount vertically on a pcd
50x40x25mm you can have a pack of 4 for £1 ref JUN1P11
WATERPROOF JUNCTION BOX 65mm dia 33mm deep. Four
cable entry exit paints (adjustable for any size cabie) snap fitid Ideal
for TV, sateilite use. £2 ea ref APR2 or 6 for £10 ref APR10P7

BOTH SHOPS OPEN 9-5.30
SIX DAYS A WEEK

INFRARED LASER NIGHT SCOPES
Second generation image intensifier
complete with hand grip attachment
with built in ad justable laser lamp for
zero light conditions. Supplied with
Pentax 42mm camera mount and
normal eye piece. 1.6kg, uses
1xPP3,3xAA's (all supplied }£245+Vat
NEW HIGH POWER LASERS
15mW, Helium neon, 3 switchable
wave lengths .63um,1.15um,3.39um
(2 ofthem are infrared) 500:1 polarizer
built in so good for holography. Sup-
plied complete with mains power
supply.790x65mm. Use with E
TREME CAUTION AND UNDER
QUALIFIED GUIDANCE. £349+Vat.
£LECEEEWE BUY SURPLUS STOCKEE£E££S
TURN YCRIR BURMLUS K INTO CASH
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3FT X 1FT TOWATT SOLAR PANELS
14.5v/700mA
£33.95

(P SAAC WRTIAL P ACKA GG CHASSE)
TOP QUALITY AMORPHOUS SLICON CELLS WA
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DIGILOGUE CLOCK by John Scott Paterson 730
Slim-line displays give clock watching a different perspective
VISUAL/AUDIO GUITAR TUNER by Robert Penfold 742
Ringing the tuned truth from your musical tones

HOBBY POWER SUPPLY by Terry de Vaux-Balbirnie 766
Essential safe power controller for electronic experimenters

AUDIO AUXIPLEXER by William E. Chester 770
Multiplexing audio extras saves perplexing cable replugging
EXPERIMENTAL SEISMOGRAPH -2 by John Becker 786

Interfacing a computer to the vibrant world of seismography

Serzes

CIRCUIT SURGERY by Alan Winstanley 738
D.C. motor controlling, Ni-Cad charger, and inviting your ingenuity
ELECTRONICS FROM THE GROUND UP-1 748

by Mike Tooley M.A.
First steps in understanding electronics, with optional computer aided
design software

CALCULATION CORNER - 10 by Steve Knight 780
Removing the fear from circuit design calculations
INTERFACE by Robert Penfold 794
The page for computer enthusiasts
AMATEUR RADIO by Tony Smith G4FAI 804
Enigmatic numbers; Amred and Stellar; Improved outback radio
EDITORIAL 729
INNOVATIONS 736
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Our range of educational videos to complement your studies
NEW TECHNOLOGY UPDATE by lan Poole 765
Latest research into optical and organic electronics
SHOPTALK with David Barrington 783
Component buying for EPE projects  *
FOX REPORT by Barry Fox 784
Recognising Photo-CD as a professional product with consumer potential
DOWN TO EARTH by George Hylton 796
Graphs save maths
ELECTRONICS PRINCIPLES Il SOFTWARE 798
Educational software - plus Electronics PC Toolbox 2.0 and GCSE
Mathematics
DIRECT BOOK SERVICE 799
% - y K>, A wide range of technical books available by mail order
y \@‘ 3 _' ; p PRINTED CIRCUIT BOARD SERVICE 802
— ~§e. 4 PCBs for EPE projects — some at sale price!
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THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

5:3;:1‘:::::;!' THE ORIGINAL SURPLUS WONDERLAND!

SPECIAL BUY ~ PC SCOOP oo
COMPLETE .
¢ AT 286 COLOUR SYSTEM ' Laser Video
S— 40Mb HD + 3Mb Ram amy £99.00 One of e most amazing sursis seas DISK PlAYyEF
L“TEDW&WMM!MHIWDE A us 1o bring you a COMPLETE wmuw%wx&w&w}hllmm“h-

buk p
Made in the USA to an ‘""US'"" Wﬁ“"“‘ the sysiem was ceady to run colouv P systom at an unheard of ricel ;
the e PCIo o o muMmmm:d.Physw:-m 12* LaserVision disks with

umd":m s'uwmmd ""u""d'%mmmm o k.w When controlied by a computer, it may also be used as a versatie
mw \s provided as standard. Supplied in good used condkion MS DOS and all connecling cables - just I ideai ON Quality / retrieval medium, It will piay back eithes
compiete with enhanced keyboard, 640k + RAM, DOS 4.01 students, schools or anybody wishing 10 mm. of PC's UWVWCAV(WP‘!VWCLV(LWMMW
and 90 DAY Full Guarantee. Ready to Run | on an ultra low bu(&ol Don‘t mias this opportunity. .n::n"mhcl'urw.n‘oidmmnu:y m“b“ . ). Some of the
e ONLY £149.00 ) oo sspeocoL £99.00(E)  RS-232 INTERFACE RGB / COMPOSITE VIDEO OUTPUT
. BNC+SCART INTERFACE PAL / RGB DECODER

Optional Fitied extras: 640k RAM ;
2% oppy s pecly S 300k o 3W- 720K JR+WIRED REMOTE CONTROL FAST RANDOM ACCESS

TR PURCHRSE or, £399.00
VIDEO MONITOR SPECIALS _ [FAkaiis ony £ ~

Superd quality 14° FOREFRONT MTS-9600 SVGA Multisync -
Multimode monitor 0.28° dot with resolution of

Opﬂondmbdonns VGA graphics card £29.00
1.4Mb 3%° floppy disk drive (madiam) £32.95
INE2000 Ethemet (thick, thin or twisted) network card £49.00

FLOPPY DISK DRIVES 3.5"- 8"
5 25" from £22.95 - 3.5" from £24.95

£100 CASH FOR THE MOST

present prime nwwys ﬁ."“’%im. AR ks (0 i
L al units (un
mlod) Bmzﬂl nmov-dhom often brand new equip- NOVEL DEMONSTRABLE
mAl sﬂfrc um(nas- PP onyourPC) Yt 8B8C Model B typs com um-MAmwm.mum
mmﬂdmummm £24.95(B )Synadomlols 10 offer you the SSIONAL version of the ounﬂnouu
15‘uan-NMF3550-L 4 Meg. Laptops only * £36.95(8 Jtle used condition with full 90 day guar-  Parts only price. Used as a front end ics system on large net-
15‘uanMF36SC-D HMog Non laptop £29.95(8 Y of the board has so many sim-
525" Teac FD-55GFR 1. £29. Order as MTS-9600/H for ATAR! £150.00 Hariies 10 the reguiar BBC model B thal we are sure that with a bt of
szs'snmonswunwu:r?lwwteaeox £22.95(8) A modes ss above Order as MTS-9600/ S £130.00 p and ingenuity many useful app will be found
* Data cable included in price. LECTRONOHEECM—I!HSBUI!'VGAMU monitor with for this board!! It i with a connector panel which
Shugart 800/801 8° SS returbished & tested £195.00(E 480. Multi input selection; Spin 3 brings all the O's to D’ and type connectors - afl you have 1o
Shugert 851 8° double sided refurbished & tested £250.00(E d?hpmblosmoizvoc.mAPMMdlshﬂPca
Mitsublshi 8° sided switchable £250. with most m. ic's socketed. The ic’s are too numerous to list but
Mitsubishl M2896-63-02U 8° DS skimiine NEW £285, HT\hetha;‘” E’I’gsol’isCPU. QAA:'lndnnSMsOﬂ_)_Woﬂﬂ‘b-
Dual 8° drives with 2 m! cape houudhlsmanauwkh KIAEIO'h ddhlioneotouvmonhm Nice i 00 e g sy on
buikt in power supply. ldm.u £499.00(F) xwwmmq»mu m"‘ have no data, On application 0"3"6'90"0'“" mﬂ

and p
.nylsszsmmcne video source, with RGB bolvdD.IrPswil ' 3 the

jumper
ECONET address and enabile the four ext

EPROM sockets for user software. App: only £29‘95
dims: main board 13° x 10°. VO board 14° x 2 £53

3. Su Iiod tested with clrcun diagram, for (8)

19" RACK CABINETS
Superb quality 6 foot 40U
Virtually New, Ultra Smart

Less than Half Price!
Top quality 19° rack cabinets made in UK by
Optima Enclosures Ltd. Units feature
er, smoked acrylic lockable front doo It
hesght lockabie half louvered back doov md
removabie side paneis. Fulyudnmbb
nal fixing struts, rndy
uration of equipment mounlmg plus vn y
mounted integral 12 way 13 amp sockel
switched mains distribution stnp make these
racks some of the most versatlle we have

HARD DISK DRI VES

! Brand new NEC 022“ 8° 8S Moyte
dmquFm D imtertace. Ultra hi
speed data transier and access time, nplaeosﬁaﬁuuoqu jont
o e R NEC CGA 12* colour [BM-PC compatidle. High quali
3.5° FUN FK-309-28 20mb MFM UF RFE £59.95(C quali-
3.5° CONNER CP3024 20 mb IDE UF (or equiv JRFE £69.05(C) 1y ex-equipment fully tested with a 90 day guarantee.
35° CONNER CP3044 40mb IDE UF (or equiv.)RFE £99.00(C) !N an attractive two tone ribbed #.:y ph:(ic case
3.5° RDDIME RO3057S 45mb SCS! F (Mac & Acom £99.00(C) Measuring 15°L x 13'W x 12°H. front cosmetic:
525" MINISCRIBE 3425 20mb MFM UF (or squiv) RFE  £49.95(C) Dezel has been d for
Roturb £69.95(C Only £49.00)

£108.00(€ 20" 22" and 26" AV SPECIALS
&mmtymmuxmamﬂm Lalsoldmueoloumonlou.
video sound inputs. Attractive
Periect for Schools, Disco, Clubs, etc.In
EXCE ENT llm. used condition with full 90 day guarantee.

20"...£135 22"...£155 26"...£185¢

9* Mono cased, Black & White for CCTV Used /Tested £49.00 (C}

DC POWER SUPPLIES
ever sold. Racks may muckod side by side and therefore require

10,000 Power Supplles Ex Stock
only two side panels
mmsruoo'-s’z(wf’%oxn m/w{'n:k') vy Semoriiona are: TT.1/2* 3 % 32-172° D x 22 W. Order 8s:
giving +5v 35a, -5v 1.5a, nzvn(a.puk). 12v15. +24v Rack 1 Complete with removabie side panels. £295.00 (G)
4a (Ga peak). Al outputs fully d with over Rack 2 Rack, Less side panels £175.00 (G)
on fhe +5v output. AC input selectable for 110240 vac. Dgg'i” x Over 1000 racks in ali sizes from stock !

DL ) b Sl Call with your requirements.

130 walts. Selectable for 12v(4A)or24?/°(B)
a LOW COST RAM UPGRADES

(2A)5vomav2v0!5Amm £59.95(8)
ggEL ABOVE’ lhmonExpmdewd Full length PC-XT and

analog and composite sync such as Alari,
CommodonM\lgl.AcomNJmm

&
Measures only 13.5° x 12° x 11°, Only :1:5 {E)
Good used condition. Doaéymmu. "
KME 10° as above for PC standerd £145.00 (E)} daie

§
3
g
g
g

b os
§§
E £
555
3
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The TELEBOX consists of an attractve !uly uud mains powered
unit, containing all electronics ready 1o plug into a host of video moni-
tors made by manufacturers such as MICROVITEC ATARI,
SANYO, SONY, COMMODORE PHIUPS. TATUNG, AMSTRAD
and outpul v]:_llv also plug divectly

not nor-

Astec AC-8151 40 watts. Switch mode. +5v @ 2.58.+12v O 2a.

-12v @ 0.10. 6-1/4° x 4" x 1-3/4° RFE tested m
Lambeda LYS-PV-12 200 watt switch mode.+12V OC @

semi enclosed, 10° x 5° x 5°. RFE and fully tested.

Conver AC130 130 watt hi-grade VDE spec. Swldtmooo 05v
152,-5v @ 18,+12v @ 63.27 x 1 25:65@“st
Boshert 13090.Switch mode.|deal for drives & system. osvo Ga
+12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a.
Farnell GE/40A. Switch mode. Sv @ 40a.Encased

SPECIAL INTEREST

INTEL SBCA86/133SE Multibus 486 €1975
Zeta 3220-05 A0 4 pen HPGL RS232
Avitel VDA-3100 Video Drstribution Amps. 1 n ou
Trio 0-18 vdc bench PSU. 30 amps. New
itsu M3041 600 LPM band printer
VG Ejectronics 1035 Decoding Margin Meter Rack
Andrews LARGE 6 m Sumobhomlgrvw)

‘oﬂ air' UHF colour television

all television frequencies VHF and UMF including the HYPER-
ANDnuudbymoncathVopomon A composite video
ou‘\gm is located on mo rear panel for direct connection to most

i tibility - even for monitors

mbomsomd lntloguuwmnudnam and low level Hi Fi
audio output are provided as mndud
TELEBOX ST for composie monitou
TELEBOX STL as S nh'?l
TELEBOX MB Muhbm VHF—U -Cable- Hyporbnnd tuner £69.95
For overseas PAL xmlossor&nhzwnspoclfuion
“For cabie / hy MB should be connected
10 cable type socket. smomoodnonalnbbomu(e)

above)
eormm tully losl.d and gu'arun

ABOVE CARD £59 95(a1)
for PC AT XT expands

£3295
2k

1 MEG x 9 SIMM 9 chip 120ns only 23 i

No Break Uninterruptible PSU s

rupt is 15 minutes. .
Order as: MUD 1

EMERSON ACCUCARD UPS, brand new a B4t hat bnw' com-
patible card for all IBM XT/AT compatibles. Card provides DC ronm
to all intemal ooﬂwmsnunmdpow il

systam

ure. ThcAccuuv« soﬁw-roprovidodumonly

and My copies sil vidoomomovylo
the hard disk in the event of loss of hmumod

power.
momumm::mmdwmoondmlmmmopmv v
‘lhoumlulwos!ulsd'dhmonmonbootw .uppﬁodwmm

H high speed drum plotter
5,000,000 items EX STOCK ickup simutato nstructions and manusl. Normal price £189.00
For MALOR SAVINGS = SAE or CATLL FOR| LATESTAIST) Sorte s AL s o it Rt & Only £99.00) or 2 for £195¢

Issue lz of {DLsplhy News now available - send Iurge SHE PACKED with bargains|

LONDON SHOP jj [DSTELO The Orig: ALL MAIL & OFF;css ALL & ENQUIRIES

Open Mon-Sat 9:00-5:30 [ | FREE On line Databas: pen Mon-Fri 9.00-5:30 08] 679 44]4

VERO rack mount Iles'fnr;my
WMHOF B26 1900 rack mnt 3U x 19' smnorzwmsw £79.95
Shipping on all fans (A). Blowers (B). 50,000 Fans Ex Stock CALL

IC's TRANSISTORS DIODES

OBSOLETE - SHORT SUPPLY - BULK

L4
L
e
8 Info on 1000's of Itoms
L]

. E 15 Whitehorse Lane Dopt EE. 32 Biggin Way
e °°° ° South Norwood v21,v22, v22 BIS lorwood
= E E[ TRO/Y/(g 2z LONDON SE25 081 679 1888 LORB:)N SE19 3XF FAX 081 679 1927
Mmb:uxmmuxammns%vnnanmm Mnmumordu:lo Bona Fide account nmogt-dmw
order £50. C mw)-uoo (s)-:sso (C)=£8.50, (D)=£12.00, (E)-i:lsw
suppiied to Condttions of Sale and

Schools, Universities and Local A
? ESTABLISHED -:moo G ummaa for shipping - mcmmﬁm Al goods our Standard
[ ] @ 2VEARS (F) ( i for 90 da! Wmnmmlommnww ptmlspecaubmsmlwbmotbo Orders
ubpcnosl Dmmbvmno Top CASH prices paid for surplus goods. Al trademarks etc . © Display Electronics 1994. EAOE
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DUAL VOLTAGE
INSULATION TESTER

A simple to use hand-held meter which tests insulation at 500 and 1000 volls d.c. Finds potentially dangerous
laulls in wiring, domestic appliances, and industrial equipment.

The unit employs a safe, high vollage supply produced from batteries via an efficient in verter circufl,
It gives a clear read-out of insulation resistance from 0 to 100 megohms.

POWER CONTROLLER

Have you got an electric fire blazing away, racking up a large fuel bill? The Chancellor of the Exchequer will be
delighted! For the benefit of our many overseas readers, Her Majesty’s Government has now laken a shine to our
fuel bills, so much so that it has added Value Added Tax to them. Hence any device which helps lo cut those
electriciy bills will be welcomed, by everyone apart from the Chancellor that is!

This 13 amp burst firing controller is designed for immersion heaters, electric fire elements, large healers elc.
It uses zero crossing to ensure freedom from radio interference.

VIDEO MODULES

The rise in popularity of camcorders and home video
productions over the past few years has been phenomenal,
Camcorders are now standard consumer items which are
available in every high streel, and al surprisingly low prices.
Most users probably do not bother with editing their tapes, but a
tape of recorded highlights is much more watchable than one
which simply includes all the recorded material,

A good video production is generally reckoned to be produced
by using about 10 per cent of the recorded footage, and
discarding the other 90 per cent. With practically any camcorder
and video recorder combination it is possible to achieve the
required editing, but results will not necessarily be particularly
polished.

Most video editing is easier if 8 lew accessories are added lo the system. Devices such as faders and wipers to
process the video signal, and a mixer in the audio signal path, permit much more professional results to be
oblained. In this series of articles seven video modules are covered, as follows:

Simple Video Fader; Improved Video Fader; Horizontal Wiper; Vertical Wiper; Video Enhancer; Four Channel
Audio Mixer; Audio Dynamic Noise Limiter.

A modular approach makes it easy for constructors to build a video conlroller which only provides the functions
that he or she really needs. There is actually an eighth module, which is a simple mains power supply unil. Mains
operation represents the most economic means of powering the modules, but baltery operation is also possible.

OUR NOVEMBER ISSUE WILL BE ON SALE FRIDAY 7th OCTOBER

Everyday with Practical Electronics. October, 1994
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€1 BARGAIN PACKS BARGAINS GALORE BARGAINS GALORE

Infact . cheaper than £1 because if you buy 10 you
can choose one other and receive it free!

1212V Stepper Motor, 7 Sdegree Order Ref 910,
1x10 pack Screwdrivers. Order Ref* 909

2 x 5 amp Pull Cord Ceiling Switches. Brown Order
Ret: 921

5 xreels Insulation Tape. Order Ref 911

4 x 14mm Bull-races. Order Ref 912

2 x Cord Grip Switch Lamp Holders. Order Ref. 913

1 x DC Voitage Reducer. 12V-6V Order Ref: 916.

1x 10 amp 40V Bridge Rectitier. Order Ref: 889,
Lightweight Stereo Headphones. Moving coil so
superior sound. Order Ref: 896

2 x 25W Crossovers. For 4ohm loudspeakers Order
Ref: 22

2 x NiCad Constant Current Chargers. Easily adapt-
able to charge almost any NiCad battery. Order Ref:

18V-0-18V 10VA mains transformer Order Ref. 813.

2 x White Plastic Boxes. With lids, approx 3° cube
Lid has square hole through the centre so these are
ideal for hght operated switch. Order Ref: 132

2 x Reed Relay Kits. You get 8 reed switches and 2
coll sets Order Ref* 148

12V-0-12V 6VA mains transformer, p c.b. mounting
Order Ref: 938

1 x Big Pull Solenoid. Mains operated. Has %" pull
Order Ref 871

1 x Big Push Solenoid. Mains operated Has “:” push
Order Ref- 872

1 x Mini Mono Amp. 3W into 4 ohm speaker or 1W into
8 ohm, Order Ref. 495

1 x Mini Sterec 1W Amp. Order Ref 870.

15V DC 150mA p.s.u., nicely cased Order Ref, 942

1 x In-Flight Stereo Unit s a stereo amp Has two most
useful minl moving coil speakers Made for BOAC
passengers Order Ref* 29

1 x 0-1mA Panel Meter. Full vision fact 70mm square.
Scaled 0-100 Order Ref. 756

2 x Lithium Batteries. 2 5V penlight size. Order Ref"
874

2 x 3m Telephone Leads. With BT flat plug Ideal for
‘phone extensions, fax, etc, Order Ref: 552.

1 x 12V Solenoid. Has good %" pull or could push if
modttied. Order Ref 232.

4 x In-Flex Switches. With neon on/off lights, saves
leaving things switched on Order Ref 7

2 x 6V 1A Mains Transtormers. Upright mounting with
fixing clamps. Order Ref 9

2 x Humidity Switches. As the air becomes damper,
the membrane stretches and operates a micro switch.
Order Ref- 32

5 x 13A Rocker Switch. Three tags so on/off. or
changeover with centre oft Order Ret 42

Mint Cassette Motor. 9V Order Ref. 944

1 x Suck or Blow-Operated Pressure Switch. Or it can
be operated by any low pressure variation such as
water level in tanks Order Ref. 67

1 x 6V 750mA Power Supply. Nicely cased with mains
input and 6V output lead Order Ret 103A

2 x Stripper Boards. Each contains a 400V 2A bridge
rectifier and 14 other diodes and rectifiers as well as
dozens of condensers, etc Order Retf* 120

12 Very Fine Drills. For PCB boards etc. Normal cost
about 80p each Order Ref- 128

5 x Motors for Model Aeroptanes. Spin to start so
needs no switch Order Ref 134
6 x Microph: Inserts. Mag
as speakers Order Ret- 139

6 x Neon Indicators. In panel mounting hoiders with
lens Order Ref 180

1x in-Flex Simmerstat. Keeps your soldering iron etc
always atthe ready Order Ref 196

1 x Mains Solenoid. Very Powerful as %" pull, or
could push i moditied Order Ref 199

1 x Electric Clock. Mains operated. Put this in a box
and you need never be late Order Ret 211

4 x 12V Alerms. Makes a noise about as loud as a car
horn Allbrand new Order Ref 221

2 x (6" x 4”) Spoakers. 16 ohm 5 watts, so can be
jJoined in parallel to make a high wattage column
Order Ref 243

1 x Panostat. Controls output of boiling ring from
simmer up to boil Order Ref 252

2 x Oblong Push Switches. For bell or chimes, these
can switch mains up to SA 30 could be foot switch if
fitted In pattress Order Ref. 263

50 x Mixed Silicon Diodes. Order Ref. 293.

1 x 6 Digit Mains Operated Counter, Standard size but
counts in even numbers Order Ref 28

2 x 6V Operated Reed Relays. One normally on, other
normally closed Order Ref 48

1 x Cabinet Lock. With two keys Order Ref. 55

6 862 5 Watt Speaker. Order Ref 824

1 x Shaded Pole Mains Motor. %° stack, so Quite
powerful Order Ref' 85

2 x 5 Aluminium Fan Blades. Could be fitted to the
above motor Order Ref' 86

1x Case, 3% x 2% x 1% with 13A socket pins, Order
Ref: 845

2 x Cases. 2% x 2% x 1% with 13A pins. Order Ref
565

400 ohm, also act

4 x Luminous Rocker Switches. 10A mains. Order Ret
793.
4 x Different Standard V3 Micro Switches. Order Ref:
340

4 x bl"eronl Sub Min Micro Switches. Order Ref 313

Intra Red Controller. Made for Thorn TV sets bul suitabie for
other control purposes Fully built and ready to operate, real
bargain, £2, Order Ref 2P304

Hall Efect. Give positive or negative pulses when magnet
passes over Mounted on small PCB, 2 for £1, Order Ret 1032
Dighai Mutti Tester. 30 range, model no. 3800, normal price £40,
our price £25, Order Ref 25P14 Brand new and guaranteed
Water Pump with spindie for operation by portable drill, £5, Or-
der Ret 5P240

Three More Transtormers. Order Ref 4P81 s a 12V-0-12V 40W,
clamp mounted, price £4 each less 10% for 10 or more Order
Ref 5P236 13 a 43V at 24A, frame mounted, heavy construc-
tion, will withstand considerable overloads, price £5. Order Ref
3P181 15 a 12V 3A frame mounhing type but without the frames.
price £3. We have tested this and find 1t quite sustable for S50W
lamps

Multi Yoltage Auto-Transiormer. Couid be used to give 350W at
115V for operating reguiar 115V equipment or it could give this
some current at 85V, 120V or 130V, Another use for 1t 1s to boost
the output from a leng line Could give a 30V or 50V boost up to
300W Probably has many other uses for its outputs are B85V,
115V 120V, 130V. 200V, 220V and 240V A big transformer, price
£4, Order Ref 4P79

£1 Super Bargain
12V axial tan for only £1, 1deal for equipment cooling, brand
new, made by West German company. Brushless so vir-
tualiy everfasting Needs simgle trans:stor drive circult, we
include diagram. Only £1. Order Ref 919 When we supply
this we will inciude a hst of approximately 800 of our other
£1 bargans

High Current AC Mains Relay. This has a 230V coll and
changeover swilch rated at 15A with PCB mounting with clear
piastic cover, £1. Order Ref 965

Ultra Thin Drills, actually 0 3mm To buy these reguiar costs a
fortune However, these are packed in half dozens and the
price to you is £1 per pack Order Ref 797B

You Can Stand On it! Made to house GPO telephone equip-
ment, this box I8 extremely tough and would be ideal tor keep-
Ing your small tools in Internal size approx 10%" x 4% " x
6" tugh Complete with carrying strap, price £2. Order Ref
2P283B

Ultra Sonic Transducers. Two metal cased unis, one trans-
mits, one receives Built to operate around 40kHz Price £1.50
the pair Order Ret 1 5P 4

Power Supply with Extras. Mains input is fused and filtered
and the 12V DC output 1 voltage regulated Intended for high
class equipment, this 1s mounted on a PCB and, also mounted
on the board, but easily removed. are two 12V relays and
Piezo sounder, £3. Order Ref 3P80B

Insulation Tester with Multimeter. Internally generates
voltages which enable you to read nsulation directly n
megohms The multimeter has four ranges. AC/DC volts, 3
ranges DC milllamps. 3 ranges resistance and 5 amp range
These instruments are ex-British Telecom but in very good
condition. tested and guaranteed OK, probably cost at least
£50. your for only £7.50 with leads, carrying case £2 extra
Order Ret 7 5P/4

This instrument siightly faulty but movement and casing
guaranteed okay Should be repairable. Supplied complete
with circuit diagram, £3, Order Ref 3P176

Mains Isolation Transformer. Stops you gefting “to earth”

H You Use An Invertor to operate radios or TV and similar fre-
quency controlled equipment, then it is advisable to know the
frequency ol the Inverter, otherwise this and/or the equipment it
operates can be damaged We have 100mm square faced panel
meters which electromcally display the frequency of the supply,
providing it it between 45 and 55Hz Really top class instrument
price £15, Order Ret. 15P19

Masins Klaxon Type Alarm. Very loud output but adjustable Com-
pletely encased, shelf or wall mounting, £5, Order Ret: 5P226
12V 10A Switch Mode Power Supply for only £9.50 and a Iittle bit
of work because you have to convert your 135W PSU. Modifica-
tions are relatively simple — we supply instructions. Simply or-
der PSU Ref 95P2 and request modification details, price still
£9.50.

Speed Controlier lor 12V DC Molors. Suitable for motors with
horse powers up to one third and drawing currents up to 30A
Grves very good control of speed Uses mostets and 1s based on
a well thed circuit which appeared in the Model Engineer some
time ago. The compiete kit with case and on/off switch, price £18,
Order Ref 18P8

Fig. 8 Flex. Fig. 8 fiat white pvc, flexible with 4 sq mm cores
Ideal for speaker extensions and bell circuts Also adequately
insulated for mains lighting 50m coil, £2. Order Ret. 2P345 12m
coil, €1, Order Ref 1014

Friedland Underdome Beil. Their ret 792, a loud ringer but very
neat, 3° diameter, complete with wall fixing screws, £5. Order
Ref 50232

Molorise that Trolley!
You couid with Sinciair C5 'srd hp
12V battery motor
Still available, price £21. Order Ret: 21P1

12V 10A Switch Mode Power Supply. For only £9.50 and a
little bit of work because you have to convert our 135W PSU
Modifications are relatively simpie - we supply instructions
Simply order PSU Ret 9 5P2 and request modification details,
price still £9.50

Medicine Cupboard Alarm. Or it could be used to warn when
any d door is The hght shining on the unit
makes the bell ring Completely built and neatly cased, re-
quires only a battery, £3, Order Ref 3P155,

Don’t Let it Ovarfiow! Be it bath, sink, cellar, sump or any
other thing that could flood This device will tell you when the
water has risen to the pre-set level Adjustable over quite a
useful range Neatly cased for wall mounting, ready to work
when battery fitted, £3. Order Ref 3P156

Very Powerful Mains Motor. With extra long (2% ") shahs ex-
tending out each side Makes it ideal for a reversing arrange-
ment for, as you know, shaded pole motors are not reversible,
£3. Order Ref. 3P157

Solar Panel Bargsin, Gives 3V at 200mA Order Ret 2P324
40W-250W Light Dimmors. On standard plate to put directly in
place of fiush switch Available 1n colours, green, red, biue
and yellow, £2.50, Order Ref 2 5P9 Or on standard 3x3 cream
metal switch plate, £3, Order Ref 3P174

45A Double Pole Mains Switch, Mounted on a 6 x 3%
aluminium plate, beautitully finished in gold, with pilot hght
Top quality, made by MEM, £2. Order Ret 2P316

Touch Dimmers. 40W-250W, no knob to turn, just finger on
front piate, will give more, or less light, or off Silver plate on
white background, right size to replace normal switch, £5.
Order Ret 5P230

LCD 3'% Digit Panel Meter
This 1s a multi range voltmeter/ammeter using the A-D
converter chip 7106 to provide 5 ranges each of volits and
amps Supplied with full data sheet. Special smip price of
£12. Order Ret 12P19

12/24 DC Solenoid. The construction of this is such that it will
push or pull, With 24V this 18 ternifical’y powertul but is still
quite good at 12V £1, Order Ref 877

Don’t Stand Out In The Cold. Our 12m telephone extension
lead has a flat BT socket one end and flat BY piug other end
£2. Order Ref 2P338

20 W 5" 4 Ohm Speaker. Mounted on batfle with tront grille,
£3, Order Ref 3P145 Matching 4 ohm 20W tweeter on
separate batfle, £1.50. Order Ret 1 5P9

Telsphone Extension Wire, 4 core correctly colour coded, in-
tended for permanent extensions, 25m coil, £2, Order Ref
2P339

High Power Switch Mode PSU. Normal mains input, 3 out-
puts +12V at4A, +5V at 16A and ~ 12V at A Compietety
enclosed In plated steel case Brand new. Our special ofter
price of £9.50, Order Ret 9.5P1

Philipe 9' High Resolution Monitor. Black and white in metal
frame for easy mounting Brand new, still in maker's packing,
offered at less than price of tube alone, onty £15. Order Ref'
15P1

shocks 230V in and 230V out 150 watt, £7.50. Order Ref
7 5P/5 and & 250W version is £10. Order Ret 10P97

Mains 230V Fan. Best make 'PAPST', 4%4” square, metal
blades. £8. Order Ref. 8P8

2MW Laser. Helium neon by Philips full spec £30. Order Ref
30P1 Power supply for this in kit form with case s £15, Order
Ref 15P16, or in larger case lo house tube as well £18, Order
Ret 18P2 The larger unit, made up, tested and ready to use.
complete with iaser tube £69, Order Ret 69P1

12V 8ohm speaker, only £1.50 and walerproot.

Solar Charger. Holds 4AA NiCads and recharges these in 8
hours, In very neat plastic case £6. Order Ref, 6P3

Ferrite Aerial Rod. 8 long x &” diameter, made by Mullard
Complete with two coils, 2 for £1, Order Ref: 832P

Air Spaced Trimmer Caps. 2-20p!. ideal for precision tuning
UHF circutts, 4 for £1, Order Ret 8188

Modem Amsirad FM240. As new condition but customer
return, 30 you may need to fault find, £6, Order Ref: 6P34.
Amstrad Power Unit. 13 5V at 1 9A or 12V at 2A encased and
with leads and output plug. normal mains input, £6. Order Ref
6P23

80W Mains Transtormer. Two available, good quality, both
with normal primaries and upright mounting. one is 20V 4A,
Order Ref 3P106, the other 40V 2A, Order Ref 3P107, only £3
each

Project Box. Size approx 8" x 4” x 4% " metal, sprayed grey,
louvred ends for ventilation otherwise undrilled. Made for
GPO so best quality, only £3 each Order Ref- 3P74

Sintinel Component Board. Amongst hundreds of other parts,
this has 15 ICs. all plug in so do not need desoldering Cost
well over £100, yours for £4. Order Ref: 4P67

Sinclair SV 2-1A Power Supply. Made to operate the 138K
Spectrum Plus 2, cased with Input and output leads. Originally
histed at around £15, are brand new, our price s only £3.
Order Ret 3P151

Experimenting with Valves, Don't spend a fortune on a mains
transformer, we can supply one with standard mains input
and secs of 250-0-250V at 75mA and 6 3V at 3A, £5. Order Ref
5P167

15W 8 Ohm 8” Speaker & 3" Tweeter. Made for a discontinued
fugh quality music centre, gives real hi-f and only £4 per pair
Order Ret 4PS7

Water Pump. Very powerful, mains operated, £10. Order Ref
10P74

0-1mA Full Vision Panel Meter. 2" square, scaled 0-100 but
scale easily removed for re-writing, €1 each. Order Ref- 756
VU Meter. llluminate this trom betund becomes onfof in-
dicator as well. 1% " square, 75p each Order Ref 366.
Amstrad Keyboard Model KBS. This is a mest comprehen-
sive keyboard, having over 100 keys including, of course, full
numerical and qwerty Brand new, still in maker’s packing,
£5. Order Ret 5P202

1 RPM Molor. This 1s only 2W so will not cosl much to run
Speed 15 ideal for revolving mirrors or hights £2, Order Ref:
2P328

Unusual Solenoid. Solenoids normally have to be energised
to puli in and hold the core, this is a disadvantage where the
appliance 18 left on for most of the time We now have mag-
netic solenoids which hold the core until a voltage 1s applied
torelease it £2. Order Ref. 2P327

Mains Fliter. Resin impregnated, nicely cased, pcb mounting
£2. Order Ref 2P315

220VA Mains Transtormer, Secondary voltages 8V-0-8V So
you could have 16V at 12A or BV at 25A. Could be ideal for car
starter charger, soil heating, spot welding, carbon rod weld-
ing or driving high powered amplifiers etc £15, Order Ret:

15P51
Prices inctude VAT, Send cheque/, | order or ring and

quote credit card number, Add 'l':J post and packing.
Orders over £25 post iree.

M & B ELECTRICAL
SUPPLIES LTD

Pilgrim Works (Dept. E.E.)
Stairbridge Lane, Bolney,

Sussex RH17 5PA

Telephone: 0444 881965

(Also fax but phone first)
Callers to 12 Boundary Road,
Hove, Sussex.
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Take the

Quickroute

to successful PCB &
Schematic Design /

from
£99.00

Design PCB's and Schematics quickly g 2 9% z9 =9
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Telephone or FAX POWERware on 061 449 7101 ] (e

Quickroute 3.0 for Wlndows 3.1
POWERware, 14 Ley Lane,  Jeo - en099.00 DESIGNER+ £149.00 DISK
Marple Bridge, Stockport, PRO £199.00 PRO+ £299.00 r
SK6 5DD, UK. ' : Available

All prices exclude post & packing, and V.A.T.
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NEW EDITIOM

The new enlarged
Catalogue is out now!

Included in this issue:

» A further 16 extra pages

» £200 worth discount vouchers
» 100’s new products

» “256 pages, 26 sections, over 4000 products from
some of the worlds finest manufactures and
suppliers

» Expanded entertainment section with in-car amps,
speakers, crossovers and low cost disco equipment

» Further additions from Europe's leading kit
manufacture - Velleman

» Available from most large newsagents
or direct from Cirkit

» Send for your
copy today!

[ ] [ ]
Cirkit Ly =
CIRKIT DISTRIBUTIONLTD

Park Lane - Broxbourne - Hertfordshire - EN10 7NQ
Telephone (0992) 448899 - Fax (0992) 471314
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SYSTEM 200 DEVICE PROGRAMMER

SYSTEM: Programs 24, 28, 32 pin EPROMS,
EE-PROMS, FLASH and Emulators as
standard, quickly, reliably and at low cost.

Expandable to cover virtually any
programmable part including serial E2,
PALS, GALS, EPLD’s and microcontrollers
from all manufacturers.

DESIGN: Not a plug in card but connects to the PC
serial or parallel port; it comes complete
with powerful yet easy to control software,

cable and manual.

SUPPORT: UK design, manufacture and support.
Same day dispatch, 12 month warranty.

10 day money back guarantee.

‘\

ASK FOR FREE \
INFORMATION \
PACK >
11 m D == GERMANY 089/4602071
NORWAY 0702-17890
ITALY 02 92 10 3554

MQP ELECTRONICS Lid.
Unit 2, Park Road Centre,
Malmesbury, Wiltshire, SN16 0BX UK
TEL. 0666 825146 FAX. 0666 825141

FRANCE (1)69.41.28.01
IRELAND 1-2800395
SWEDEN 08-590-32185
Also from ELECTROSPEED UK

Vidi Digitisers

| ROMBO have specialised in video capture
systems for the last 8 years, starting with
Amstrad CPC's upto present day IBM Pentium
computers.
Our Vidi products form the link between a
Camcorder, VCR etc. and your home computer.
With Vidi you can capture and store images for
DTP, graphics or database use.
We have Vidi models (old and new) to suit:
Atari ST/STE/Falcon
Commodore Amiga A500-A4000
Acorn Archimedes A3000
Amstrad 1512/1640
IBM 286-Pentium PC's
Prices start at £49.00 and most come with pro-
gramming utilities and all are backed up by our
enthusiastic support team.
If you would like further details please ring
Malcolm or Bob on 0506 414831, or write to:
Tech Sales Dept.
ROMBO Productions Ltd.
I 2b Young Square
Brucefield Ind. Park
Livingston
|| Scotland
W EH54 9BX

\:)
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OID YOU A1/55 7

w>(SCILLOSCOPES FOR UNDER £1007
w> FREE SOFTWARE WORTH £1007
w> TESTMETER ON OFFER FOR £3.957

= 14" COLOUR MONITORS FOR £50.007
= GAMES CONSOLES FOR A FIVER?

w> SATELLITE RECEIVERS FOR £5.957
W/ILL YOU ALSO MISS OUR ‘END OF SALE SALE'?

Don’t miss out - Become a Subscriber. As one of this privileged group of customers, you’ll
receive ‘The Greenweld Guardian’ every month with info in our surplus products, an interesting,
constructional article (next month a 3kw sound to light module) & details of our latest bargains &
special offers not circulated elsewhere! All this for just £6 a year. Even better, become a Gold
Subscriber & receive discounts on all Catalogue & Bargain List lines & reduced postage on orders.
All for just £12 a year. Don’t delay - Subscribe today!

LSS P PSS SIS P PSSP PSS SIS PSS PSSP PP PPl P77 77777771

SUPER SOFTWARE SCOOP!!

VI/ SIS SIS SIS SIS S S SIS P SIS SIS P PP S PSPPI SIS/ A/ 77777777

LOTUS SMART SUITE AUTOSKETCH i LOTUS AMI-PRO FOR
*LOTUS 1-2-3 5.USER CAD WINDOWS
* AMI-PRO 2.10 PACK V3 POWERFUL WORD
* FREELANCE GRAPHICS 35"+5.25 PROCESSOR
* CC. MAIL RRP £195 35"V3
5.25" RRP £295 RRP £195
VENTURA PUBLISHER HARVARD GRAPHICS HARVARD DRAW FOR
COMPLETE CHARTING/DRAWING WINDOWS
PROFESSIONAL PACKAGE SUPERB, FAST,
DTP PACKAGE V3.0 DOS PROFESSIONAL
V4.01 35 DRAWING PACKAGE
3.5" RRP £395 RRP £295 3.5" RRP £195
£50 = E£100 '£60
PARADOX FOR ——] LOTUS MAGELLAN DBASE IV
WINDOWS Lanis Magellan DATA MANAGEMENT INDUSTRY STANDARD
POWERFUL FIND ANY FILEN DATABASE
RELATIONAL DATABASE V2.0 V15
V1.0 35"+525" 35

PamssOx 35" RRP £99 RRP £99 RRP £295

e £950 £30 £70

OSSP S ISP SIS P LSS v /PSSP PP 7777 77777 7777 0777777777

All the above software is brand new in sealed packaging. Some may be
labelled “For Educational Use - does not qualify for technical support”

TAPE STREAMER

Z9268 Worltg
~hen e od. ths

P
atry v o
— Arctrs Cop Mo

%" yd
. 1

_"‘-?- dwy  stanek
— ofters great

¢ Lng you cen st
get the cartndpes! Case 280x2 10x 130mm contans
BOMD (we think) drve + etectrorcs. a rece SMPSU on
separate card supphng +5V 154 and 24VOBA, and
2 24V tan BOx80:20mm Fused and fitered mans

bt

nput with DP rocker switch. Output to lesd with 50W

D phug
E£19.95

DISK DRIVE

Z9257
IBM 4869
[ Y -~
- T Extemnal
235 5.25" 360k
double

sided disk drve in an enormous
case  410x225x60mm It's
SMPSU gives out +5V 2A and
+12V 1A

£714.95

RING, WRITE OR FAX FOR
FULL LIST OF 100+ TITLES!!

Phone Nos: SALES 0703 236363, Technical 325999,
Accounts 231003; Fax (All depts) 236307; FaxOnDemand 236315*

*To obtain latest lists, info etc, just dial 0703 236315 from any fax machine and follow instructions.
All 1 off and gack pnces include VAT, qrégdoes do not. P&P £3 per
t

order (£9.50 next day). Min Credt rd £12; Oficial Orders
GREENWELD welcome from Education - min invoice charge £15. Payment
accepted by cheque, PO, cash, book

= tokens, Access, Visa, Connect. Our
e — stores (over 10,000 sq f) have
VISA enormous stocks. We are open from

A S 5-5.30 Mon-Sat. Come and see us!
27D Park Road Southampton SO15 3UQ )

ELECTRONIC
COMPONENTS
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SURVEILLANCE

PROFE

SSIONAL QUALITY KITS

or Kits

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

are tuneable and can be received on an ordinary VHF FM radio.

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

UTX Uitra-miniature Room Transmitter
Smallest room transmitter kit in the world! Incredible 10mm x 20mm including
mic. 3-12V operation. 500m range £16 45

MTX Micro-miniature Room Transmitter
Best-selling micro-miniature Room Transmitter
Just 17mm x 17mm including mic. 3-12V operation. 1000m range

STX High-performance Room Transmitter

Hi performance transmitter with a butfered output stage for greater stability and range
Measures 22mm x 22mm including mic. 6-12V operation, 1500m range £15.45
VTS00 High-power Room Transmitter

Powerful 250mW output providing exceilent range and performance. Size 20mm x
40mm. 9-12V operation. 3030m range £16.45
VXT Voice Activated Transmitter

Triggers onty when sounds are detected. Very low standby current. Variable sensitivity
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1080m range...£19.45
HVX400 Mains Powered Rosm Transmitter

Connects directly to 240V AC supply for long-term monitoring. Size 30mm x 35mm
500m range .£19.45
SCRX Subcarrier Scrambled Room Transmitter

Scrambled output from this transmitter cannot be monitored without the SCDM decoder
connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range. £22.95
SCLX Subcarrier Telephoae Transmitter

Connects to telephone line anywhere, requires no batteries. Qutput scrambled so
requires SCOM connected to recewver. Size 32mm x 37mm. 1000m range £23.95
SCOM Subcarrier Dacoder Unit for SCRX

Connects to receiver earphone socket and provides decoded audio output to
headphones. Size 32mm x 70mm. 9-12V operation £22.95

ATR2 Micro Size Telephone Recerding interface

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

£13.45

* %% Specials * k%

BLTX/DLRX Radie Contre! Switch

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

Complete System (2 kits)

Individual Transmitter DLTX .

Individual Receiver DLRX

MBX-1 Ni-Fi Micre Breadcaster

Not technically a surveiliance device but a great ideal Connects to the headphone output
of your Hi-Fi, tape or CD and transmits Hi-Fi quality to a nearby radio. Listen to your
favourite music anywhere around the house, garden, in the bath or in the garage and
you don't have to put up with the DJ's choice and bonng waffie. Size 27mm x 60mm.

9V operation. 250m range it ...£20.95

DerT. EE

SUMA

UTLX Ultra-miniature Tetephone Transmitter
Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm!
Connects to line (anywhere) and switches on and off with phone use
All conversation transmitted Powered from line 500m range

TLX700 Micro-misiaturs Telephore Transmitter

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble than
UTLX. Connects to line (anywhere) and switches on and off with phone use. All
conversations transmitted. Powered from line. 1000m range £1345

STLX High-pertormance Telephone Traasmitter
High performance transmitter with buffered output stage providing excellent stability
and performance. Connects to line {anywhere) and switches on and oft with phone use.
All conversations transmitted. Powered from line. Size 22mm x 22mm.
1500m range

TKX900 Signailing/Tracking Transmitter

Transmits a continous stream of audio pulses with variable tone and rate. ideal for
signalting or tracking purposes. High power output giving range up to 3000m. Size
25mm x 63mm. 9V operation .£2295

CD400 Pocket Biig DetectorAocator

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tome increase as you
approach signal. Gain control allows pinpointing of source. Size 45mm x 54mm. 9V
operation .£30.95

CD600 Professional Bug DetectorAocator

Mutticolour readout of signal strength with variable rate bleeper and variable sensitivity
used to detect and jocate hidden transmitters. Switch to AUDIO CONFORM made to
distinguish between localised bug transmission and normal legitimate signals such as
pagers, cellular, taxis etc. Size 70mm x 100mm. 3V operation £50.95

QTX180 Crystal Controlled Room Transmitter

Narrow band FM transmitter for the ultimate in privacy Operates on 180 MHz and
requires the use of a scanner receiver or our QRX180 kit (see catalogue). Size
20mm x 67mm. 9V operation 1000m range £40.95

£1595

.£16.45

QLX180 Crystal Controlled Telephone Transmitter

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

As per QLX180 but draws power requirements from line. No batteries required. Size
32mm x 37mm. Range 500m £35.95

QRX180 Crystal Controlled FM Receiver

For monitoring any of the ‘Q" range transmitters. High sensitivity unit. All RF section
supplied as a pre-built and aligned module ready to connect on board so no difficuity
setting up. Outpt to headphones. 60mm x 75mm. 3V operation £60.95

A bulld-up service is avaiiable on all our kits if required.

UK customers please send cheques, POs or registered cash. Please add
£1.50 per order for P&P. Goods despatched ASAP allowing for cheque
clearance. Overseas customers send sterling bank draft and add £5.00 per
order for shipment. Credit card orders welcomed on 0827 714476.

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

THE WoORKSHOPS, 95 MAIN ROAD,

BAXTERLEY. NEAR ATHERSTONE,

DESIGNS

724

WARWICKSHIRE CV9 2LE
VISITORS STRICTLY BY APPOINTMENT ONLY

“Tel/Fax:
0827 714476
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EASY-PC, Schematic and PCB CAD
Over 18,000 Installations —BRITSA
in 80 Countries World-wide! DESIGN

« Runs on:- PC/XT/AT/ T
286/ 386/ 486 with __AWARD _
Hercules, CGA, EGA 1989
or VGA display and - ==
many DOS emulations. e : .ﬂf":“

o Design:- Single sided, || *—S e e st
Double sided and - v
MultiJayer (8) boards. || : Gl pe=— —i pe-tie

o Provides full Surface || = & ‘ -
Mount support. e e e 7 i

e Standard output -
includes Dot Matrix / ‘R -§._.§ - e £
Laser / Ink-jet Printer, o PR, f@f 5
Pen Plotter, Photo- el e
plotter and N.C. Drill. [| .- Toifedin., L5451

e Tech Support - free. N ™ e e

» Superbly easy to use. e ‘B:—“ P

Options:-500 piece Surface Mount Symbol Library £48,
1000 piece Symbol Library £38, Gerber Import facility £98.

Integrated Electronics CAD Affordable Electronics CAD

T

i I EASY-PC: Entry level PCB and I $196.00 | £98.00

7 : i Saadese s t Schematic CAD. | !
v A § : EASY-PC Professional: Schematic ‘ $376.00 | £195.00

fe i Capt d PCB CAD. Links direct!
)] Schematic Capture | ./ " { | CRUVSER TanaPuLoAR. |

EASY-PC Pro’ XM: Extended Memory I $476.00 | £245.00 |

Version - Greatly increased capacity

$196.00 | £98.00 |

.'xi“ Wi
is'

|

i

= e e Feasas PULSAR: Digital Circuit Simulator
I A -~ ~ 1500 gate capacity. _l ]
| o 1 | PULSAR Professional: Digital Circuit $376.00 £196.00
1o — o ‘ Simulator ~ 50,000 gate capacity. l
= ANALYSER HIl: Linear Analogue Circuit $196.00 £98.00
=) Simulator ~ 130 node capability [

(=) - — - == -4

ANALYSER lll Professional: Linear $376.00 £196.00

Analogue Circuit Simulator
~ 750 node capability.

= + =
Z-MATCH for Windows: NEW Windows | $476.00 £245.00
based Smith-Chart program
for RF Engineers

b o) NN FZAY gm0 P\ RSl Bl i
Prices from UKE195 [ USS3IT75 | ieorse s nyimetomemotessions varionora | oo st T‘.’:i‘.::’:‘.p

£145.00 |

\
al
|

program just for the ditference in price. and Pecking. ond VAT
For full information, please write, phone or fax:- e TECHNICAL SUPPORT FREE FOR LIFE
o PROGRAMS NOT COPY PROTECTED.
Number One Systems « SPECIAL PRICES FOR EDUCATION.

UK/EEC: Ref. EVD, HARDING WAY, ST.IVES, CAMBS., ENGLAND, PE17 4WR.

Telephone UK: 0480 461778 (7 lines) Fax: 0480 494042 International +44 480 461778
USA: Ref. EVD, 1795 Granger Avenue, Los Altos, CA 94024

Telephone/Fax: (415) 968 9306 MASTERCARD, VISA Welcome.
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135 Hunter Street All Prices

GEN.T Burton - on - Trent E WA include V.A.T.
Staffs. DE14 2ST aiia EI& Add £3.00 per

ELECTRONICS LTD Tel 0283 565435Fax 546932 EE148 order p &p

__SHOP OPEN 9-5 MON-FRI. CLOSED SAT --- OFFICIAL ORDERS WELCOME

I~ TEPE MICROCONTROLLER! ‘COMSTEP’ P.C. COMPUTER 12V EPROM ERASER
P... TREASURE HUNTER! STEPPING MOTOR INTERFACE o okt A e i

(400mA). Used extensively for mobile work - up-

The latest MAGENTA DESIGN - hughlyl An exciting project supplied with two 200 step motors, dating equipment in the field etc. Also in educa-

Istable & sensitive - with nC control

1 © Full kit with headphones & all zero. Toroidal mains trans-

hardware former. Kit includes punched

and printed case and all

LK_IT_837;' - ';£.6 :.3.'9-51 parts. As featured in April

1994 EPE. An essential piece
DIGITAL LCD THERMOSTAT  of equipment

3 BAND SHORT WAVE RADIO

Covers 1.8 1o 30MHz in three bands using
modern miniature plug-in coils. Audio output
is via a built-in loudspeaker. Advanced stable
design gives excellent stability, sensitivity and
selectivity. Simple to build battery powered cir-

) h I
lof all timing functions and advanced | ';{‘Itlzrlva: eigg::je':ggnﬁa?ot&rl:)sle E}c ggtf:\w?rr\%tors - speed, lowed é:?::??:'.ﬁ;?m:‘:‘ém&:&:n"ﬁb‘
: pul;e separatuor;techmques : %irection, number of steps, and I::\alf/full sztep Amoodg. KIT790.........cccoeeeunnn.. £28.51

@ New circuit design 1994 onnects to computer parallel port. Requires 12V 1
] B ih 1 supply and printer lead. MOSFET 25V 2.5A
® High stability (Printer  POWER SUPPLY
1 driftcancelling I KIT 846 (with 2motors) ................ £62.99 lead £5.00) 1igh performance design has made this one of our
1 @ Easy to build | classic kits. Two panel meters indicate Volts and
| duso | MOSFET Mkl VARIABLE oot irom 0-2'5. Rugged power MOSFET aut:
® No ground put stage. Toroidal mains transformer.
1 effect, works | BENCH POWER SUPPLY KIT769.......cccvveee... £56.82
1 inseawater ] 0-25V 2-5A,
! ® Detectsgoid, § Based on our Mki design and l"iﬁb’.ﬂlﬁﬂﬁf’ TER en im0
1 silver, ferrous & | Ppreserving all the fe,atu':es' insulation resistance of wiring and applum:u etc..
i non-ferrous | but now wuthf switching r soo'Vom The unit is battery pawersd 'umplo
- ai safe 10 opr of up to
: mewis’ | preequstor | for much T i e oy
@ Efficient quartz controlled i college project.
] I meters indicate Volts and
microcontroller pulse generation. | Amps. Fully variable down to KIT444. ... £22.37
]
]

cuit. R a vast ber of i at all
“".fg‘.":.c., Gapley. MIN/MAX memones 30 KIT845............ £64.95 times of the day.
10 110 degrées ceisius, or can be set to read in — KIT718...oooieeee. £30.30

ble upper and lower
mtchmg temperatures allow close control, or alter- U LT RASO N | C P EST S CA R E R
natively ;Ilaw ab:::de ?oad band’ 10 be ﬂ which K /
can result in substantial energy savings when used  Keep pets/pests away
with domestic hot water systems. Ideal for n :
house ventilation or heating control, aquanawh:m from newly sown areas,

DIGITAL COMBINATION LOCK

Digital lock with 12 key keypad. Entering 8
f:ur digit code operates a 250V 16A relay.

U
etc. Mains d.10A SPCO rslay out-  fruit, vegetable and flower L tmpericicuttipanmitsihalitetay
put. Punched and printed case beds, children’s p|ay areas, ; E::r’d;:ﬂb:"! from 12v. Dn":g':ll::.' brushed
KIT841 ..o £29.95 patios etc. This project A ;'(“I':‘I:"gz(")"“" O
— produces intense pulses of S mE Klilod4U........... d
PORTABLE ULTRASONIC Uiasound  which  deter 850
PEsT SCARER visiting animals. PEsT 'I‘ E.E. TREASURE HUNTER
A Bl 30z uivesaund groaates 8 com. SNEWE) Pl METALDETECTOR
Dot wuned wansiomnen Swespg eacensy @ KITINCLUDES ALL oy -y
output is designed 10 give output with- COMPONENTS, PCB & CASE  ® COMPLETELY aglenta s&lg Y
SO R INAUDIBLETO ~ Jeveloped &
KIT 842 £22.56 ® EFFICIENT 100V HUMANS iaracmek
.......................... . TRANSDUCER OUTPUT o UP T0.4 METRES conlrolle'zscivcuit
“DAIEG'I!.EI-QL CAPACITANCE ® LOW CURRENT DRAIN RANGE ?)A(C)S:OEJ[J‘I:::!I drive.
lification
A really professional looking project. Kit 15 sup- KIT Ref. 812.........oovoeorveeennreeeeeeeesseosessssnns £14.81 Fuil kit includes
AL B R e
S e ) ""_"';Vl;."‘: F'"g'; IONISER : search coil ® EFFICIENT
and pF ranqu give clear unambog:ous r:ad outof A highly eff maing p JM Neg lon G Mt'hmdcleau Lh: air by CMOS DESIGN
F [ {] health be
lo!houunds of uF ometewer e rem:vmgdu:::?d.pollen '!()I:Inl‘m :'n.v’:’m_vmd o:n:okc el “C':l'u lOﬂllO" o B%Y://ER FUL COIL
KIT493.....coooooooo.... £39.95 ""n910run end s completelysafe n opersion.Uses ive point emiters
. KIT 707, e £17.75
ACOUSTIC PROBE N T TS @ DETECTS FERROUS AND
A j hich pick: i
meant of s contac probe and passes them on 104 AT DETECTOR s vosuoncio sonusan 20 100w, NON-FERROUS METAL - GOLD,
pair of headphones o:’ an amplitier. Sounds from '?l':: he"f("'z:::l")fudlb‘."';m Oparating S Iakeandlo L' ’I"d,mq;?; . 1S|9|6VER,SCEOAZPCE:!CEg|CL
walls can be amplified and heard clearly. Useful Sliows the listner to tune-into the ult : lo[Sats mm
for mac vineers. and notey  Ger e reen iound i ...'a.m"’"':"o'f'v‘.’b.".""."'on"M'm"’m" g e 3ot @ NG ‘GROUND EFFECT
KIT740.........cccceeeeenen. £19.98 KIT8B14. . oo £21.44 KIT815.....c..cocevvveene. £45.95
HAMEG HM303 30 MH2z ' [EDUCATIONAL BOOKS & PACKS
DUAL TRACE OSCILLOSCOPE & . o elFlakohreliliel i Hop 3
ADVENTURES WITH EL RONICS
v?.?u!:\n zsg.l\,‘s.l\.‘ InSgH Ec KER | The classic book by Tom Duncan used throughout Ideal for robots, buggies.
It now features 30MHz bandwidth, mgg.nng 10 1ooMH, schools. Very well illustrated, ideal first book for age 10 and many other mechanical
and 2mV/dv sengitivity. on. No soldering. Uses an S.DEC breadboard projects. Min. plastic gearbox
beight display on 8 x 10cm screen with internal Book &Components £28.95, Book only £7.25 with 1.5-45vV DC motor. 6
graticule. Special P tester built n - allows | ratios can be set up.
dwde, and many othes FUN WITH ELECTRONICS
components 1o be checked at a glance. An Usborne book, wonderfully illustrated in colour. Com- Small type MGS....£4.77
MENT IS OUTSTANDING. 1 aupporad wiih 3 o yo Sl NAG ) ST O TRl
wamanty covering parts and labour. If you are buvmgv?r: | help. Book & Cor'nybononu czb.sa,vaoo only £2.95 STEPP|NG MOTO RS
oscilloscope, this is the one. It costs a fraction more than For | vis dard 4 pole unipol
some others, 'l:m.dn.; tar lu supevior. Supplied with test PSO&ER:"E&BRZ}DB?ARD P'?OJECTS drivers. -
; rssng oo sdveanc to follow the others. No soldering. MD38 - miniature 48 steps per rev............... £9.16
£392 00+ £68 60 VAT ";'::"‘dd':v':d':fls ory ’ gm::carn;:,::? 38'5'3"'.;:‘:, only £2.96 MD35" - standard 48 steps per rev............ £12.99
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GENT
Teach-in '93

MINI LAB KITS

ALL COMPONENTS TO ASSEMBLE
THE EPE MINI LAB.

Follow this exciting educational series as
featured in EPE through 1993.

Full set of reprints .........cocceerecrecenee. £4.60

Components are supplied in packs to keep
ordering simple.

A full MINI LAB consists of ML1, M3, ML5
ML6. These are available at a special

combined price of.......cccoovevvrniriienrnnnnns £114.99
or lessthe p.cb.
ML2, ML3, ML5, ML6 at................. £104.99

The transformer unit ML4 is also needed...£21.45

KIT ML1 MINILAB P.CB. + all components
inclusive of breadboard for

Part 1 (Nov. '92)......cccoevvumrverrrennnn. £49.95
KIT ML2 All Components for Part 1 less

P-Cbii e £39.95
KIT ML3 Power Supply components........... £19.95
KIT ML4 Transformer unit..........ccccccoevunnee. £21.45

KIT ML5 L.E.D. Voltmeter, signal
generator, audio amplifier and

555 tIMET......ooccoverrecrecirreneisesinnns £33.95
KIT ML6 Logic probe, display, radio
BUNET ..ot £17.95

(Note: batteries not included)
All prices include V.AT. Add £3.00 p&p.

Tel: 0283 565435 Fax: 0283 546932

MICRO LAB KITS

ALL COMPONENTS TO ASSEMBLE
THE EPE MICRO LAB.

A 6502 Microprocessor trainer with many
features. Accompanied by an excellent set
of tutorial articles and a manual.

Repair/fault-finding help assured when you
buy your kit from us.

Full MICRO LAB kit including PC Board,

EPROM, PAL, & Manual.
MIC Dy ovzzs: ety s..... s ittt} £149.95
(Also available less PCB etc. if required).
Full set of reprints........ccccoeceeeernricnnnnce. £3.00

BUILT & TESTED

Full MICRO LAB AS MIC1 (above)
MIC B P 5 £179.95
Professionally assembled, inspected,
cleaned and tested. Full back-up service,
spares, etc available.

All prices include V.AT. Add £3.00 p&p.
Tel: 0283 565435 Fax: 0283 546932
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Station Road, Cullercoats,

Tyne & Wear NE30 4PQ

Tel. 091 251 4363 Fax. 091 252 2296

74LS Serres TRANSISTORS LINEAR ICs m SOLDERING IRONS RFCONNECTORS

74LS00  £022 4600 €017  2N1613 €03 BCYB6 €033 BDSI4  £047 CA3NNE €028 e Ante BNC Spede Mg SOR  £093
74LS01 £014 4001 £021  2N1711 €026 BC204C €072 BDS35 €050 CA324 £035 2716 €446 MI12wWan €818 BNL Sudw Pleg SR £0 96
741502  £029 4002  f£017 2N1893 £029 BC206B €072 BD536 €065 CASSS €022 2732 €488 C1gvmmn €818 gNC Oy PugBOR  £088
741503 £014 4K £040 2N2218A £028 BC207C £072 BD646 €052 CA741CE £028 27128 W €369 g0, €8 41 -
74US04  £014 4007 £O18  2N2219A £025 BC208 €072 BDG4B £052 CA747CE f£039 276425 €300 2 ol fal1 DACOmmTRguskl Rralcs
74LS05  £014 4008 €031 JN2222 £018 BC209A £072 BDG50 £053 Ca3eds  £0.37 27GS4 25 €355 o, CMU ca g BNCSosuSu £108
74008 £023 4009 €019 2N26d6 €080 BC212 €008 BD707 f£042 CA3080 go72 21726 20 L318 OO 297 BNC Chames Skt £0 80
74509 €014 4010  £023 2N2904A £025 BC212L £008 BDSO7 €080 CA3130 fo98 27612820 £33 ST4Stand €297 piyees5 £0 68
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SOFT OPTION

Just occasionally we get involved with a business deal that seems to benefit
everyone and our Free Electronics Workbench software package represents one
such arrangement. The idea was suggested and organised by Mike Tooley follow-
ing his review of the complete package back in the April issue. Mike produced our
Electronics From The Ground Up series which is designed around the use of a
Special Limited Version of the Electronics Workbench software package.

The disk given free with this issue enables you to perform the assignments for
the first two parts of the series and, for a small fee, you can upgrade this software
so that it covers all the assignments in the whole series. (We strongly suggest you
register now for the upgrade - see the ordering information at the end of Part | of
the series.)

As | said, it seems that this arrangement should suit everyone; we get an excel-
lent and valuable free gift which should help our issue sales (we have printed
42,000 copies of this issue); you, the reader, get some excellent software, which will
be useful if you are learning electronics or if you are designing your own circuits,
and Robinson Marshall, who market Electronics Workbench in the UK, get their
product more widely known to hobbyists, students, teachers, trainees and to the
general electronics industry.

We hope you approve of the arrangement, we are sure that once you have tried
the software you will be amazed at its capabilities and no doubt those of you who
have a serious intention in electronics, either as a hobby or as a career, will want to
upgrade to the full Electronics Workbench package at some stage, either now or in
the future.

ANOTHER OPTION

Next month we have another “free gift” for readers in the shape of the full
196-page 1995 Greenweld catalogue banded to the issue. So make sure you order
your copy from the newsagent now. Alternatively, why not take out a year’s
subscription and get every issue, as soon as it is published, pushed through your
letterbox by your friendly postman! A UK subscription, which includes the
postage, is slightly cheaper than the total cover price of 12 issues - in fact you save
15p on each issue. For details see below.

SUBSCRIPTIONS BACK ISSUES

Annual subscriptions for delivery direct to any
address 1n the UK: £24. Overseas: £30 (£47.50 air-
mail). Cheques or bank drafts (in £ sterling only)
payable to Everyday with Practical Electronics and
sent to EPE Subscriptions Dept., Allen House, East
Borough, Wimborne, Dorset BH21 1PF Tel: 0202
881749. Subscriptions start with the next avail-
able issue. We accept Access (MasterCard) or Visa
payments, minimum credit card order £5.
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Certain back issues of EVERYDAY ELECTRONICS,
PRACTICAL ELECTRONICS and EVERYDAY with
PRACTICAL ELECTRONICS (from Nov "92 onwards)
are available price £2.30 (£3 ovorseas surface mail)

of ge and pach tnorliﬂ

only plom Visa and Access (Mmev
minimum credit card order £5. Enquiries wtth remit-
tance, made payable to Everyday with Practical
Electronics. should be sent to Post Sales Depa«mgt.
Everyday with Practical Electronics, Allen H
Bovo h, Wimborne, Dorset BH21 1PF Tel: 0202

“% In the event of non-availability one article can
be photommed for the same price. Normally sent within
seven days but please allow 28 days for delivery. We
have sold out of Jan, Feb, Mar, Apr, May, June,
Oct, & Dec 88, Mar, May & Nov 89, Mar 90, April,
Aug & Sept 91 Everyday Electronics, and can
only supply back issues from Jan 92 to Aug 92
(excluding Mar 92) of Practical Electronics. Dec
92, Jan, Feb and March 93 Everyday with
Practical Electronics are also unavailable.

BINDERS

New style binders to hold one volume (12 issues)
are now available from the above address for £5.95
plus £3.50 posi and packm%(iov overseas readers the
postage is £6.00 to everywhere except Australia and
Papua New Guinea which cost £10.50). Normally
sent within seven days but please allow 28 days for
delivery.
Paymentin £ norlmg orily please.
Visa and A (M Card) , mini-
mum credit card order £5. Send or phono your
card number and card expiry date with your
name and address etc.
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READERS’ ENQUIRIES

We are unable to offer any advice on the
use, purchase, repair or modification of
commercial equipment or the incorporation
or modification of designs published in the
magazine. We regret that we cannot provide
data or answer queries on articles or
projects that are more than five years old.
Letters requiring a personal reply must
be accompanied by a stamped self-
addressed envelope or a ‘self ad-
dressed envelope and international
reply coupons. Due to the high cost we
cannot reply to overseas readers
queries by Fax.

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

COMPONENT SUPPLIES

We do not supply electronic com-
ponents or kits for building the projects
featured, these can be supplied by adver-
tisers.

We advise readers to check that all parts
are still available before commencing any
project in a back-dated issue.

We regret that we cannot provide data
or answer queries on projects that are
more than five years old.

ADVERTISEMENTS

Although the proprietors and staff of
EVERYDAY with PRACTICAL ELEC-
TRONICS take reasonable precautions to
protect the interests of readers by ensuring
as far as practicable that advertisements are
bonea fide, the magazine and its Publishers
cannot give any undertakings in respect of
statements or claims made by advertisers,
whether these advertisements are printed as
part of the magazine, or are in inserts.

The Publishers regret that under no
circumstances will the magazine accept
liability for non-receipt of goods ordered, or
for late delivery, or for faults in manufac-
ture. Legal remedies are available in respect
of some of these circumstances, and readers
who have complaints should first address
them to the advertiser.

TRANSMITTERS/BUGS/TELEPHONE
EQUIPMENT

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

DIGILOGUE

CLOCK

John Scott Paterson

A new look for an old face.
Displaying accurate digital timing
at all hours around the clock.

which allows the final clock to be very thin,
and ideal for wall-mounting.

BLOCK DIAGRAM

The block diagram for the Digilogue
Clock is shown in Fig. 2. A crystal os-
cillator is the timing heart of the unit,

HE clock to be described

I here takes a different ap-

proach to other electronic
digital clocks in that the dis-
play is partly digital and partly
analogue. The minutes are dis-
played oh two one-inch high
7-segment displays, while the
hours are represented by 12
light emitting diodes (l.e.d.s)
located around the clock face in
the usual manner.

The “‘face™ of the clock is
always visible even in the dark
since the eleven l.e.d.s which
are not “on the hour”, are
dimly lit at all times. This style

[(fEia816 ]

the output of which is divided
down to produce the minutes
and hours signals.

The minutes counter drives
a two-digit 7-segment dis-
play whilst the hours counter
drives a 12-to-1 multiplexer, to
whose outputs are connected
12 le.d.s. Only one output of
the multiplexer goes high at
any time, causing the cor-
responding hour l.e.d. to glow
brightly.

TIMING AND
DIVIDING

The complete circuit diagram
of the clock is shown in Fig.3.

makes readability easy since
all you need do is look for the
hour le.d. and then read off
the minutes, as shown in Fig. 1, for
example.

Special clock i.c.s are not required
for the design, which is based on
readily available and relatively inexpen-
sive 4000-series CMOS chips. All the
components, including 7-segment displays

Fig. 1. Two examples of time display readout.

and switches, are available from many
electronics suppliers.

The clock is powered by a small mains
adapter of the kind used to power portable
calculators and the like. For ease of con-
struction, the complete clock is built on a
single circular printed circuit board (p.c.b.)

N
o
2 i}
B o e

12-1 MULTIPLEXER

ELEIEEIZIEL:

Fig. 2. Block schematic diagram for the Digilogue Clock.
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In this figure, crystal XTALI

and IC| generate a basic fre-
quency of 32768Hz. Since the chip used
for ICI is a type 4060 oscillator and 14-
stage divider, an output frequency of 2Hz is
available at its Q14 output. pin 3.

The 2Hz signal is fed to IC2, a 4024 7-
stage binary divider, which is set to divide
the count by 120. Diodes DI to D4 and
resistor R2 form a wired-AND gate which
provides a reset pulse to IC2 on each 120th
pulse count.

The author preferred to use a wired-
AND gate instead of an AND-gate chip in
order to simplify the p.c.b. design, and also
to reduce the chip count. Dividing the 2Hz
signal by 120 provides a one-pulse-per-

-.minute signal which is used to drive the

minutes counter.

Ignoring the operation of IC3 for the
moment, the reset pulse for IC2 is also fed
to IC6a pin 1. IC6 is a dual 4-bit binary
counter, the two halves of which are cas-
caded, with the first half set to divide by
10, giving a count range of zero to nine.
Diodes D7 and D8, and resistor R20 are
used as another wired-AND gate, which is
used to reset IC6a on each tenth clock
pulse.

The second counter, IC6b, is set to div-
ide by six, giving a count range of zero
to five, as controlled by the third wired-
AND gate around diodes D5 and D6, and
resistor R19. Thus the two counters give a
count from 0 to 59 for the minutes display.
Jointly, IC4 and ICS decode the BCD (bi-
nary coded decimal) outputs from the two
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counters and control the two 7-segment
displays. X1 and X2, via resistors RS to
RI8

The reset pulse as seen by the second
counter [C6b at its pin 15 is a one-pulse-
per-hour signal and this is used to clock a
third counter. IC7. This 1s also a dual 4-bit
binary counter. of which only one half is
used. The counter is reset by the feedback
through the wired-AND gate formed by
diodes D9. D10 and resistor R21. dividing
the input clock pulses by 12 to give an
output count range of 0 to 11

The BCD outputs of IC7 control the 16-
to-1 analogue multiplexer IC8. The com-
mon input ‘output pin | of IC8 is connected 14
to the positive supply line so that as the R
count progresses each of the multiplexer's
outputs goes high in turn. When any out-
put goes high. the L.e.d. on the correspond-
ing output is turned fully on to indicate the
hour of the da

As mentioned carlier. the other 11 l.ed.s
not currently ““on the hour™ are kept dimly
lit. This is done by providing a trickle cur-
rent via resistors R34 to R4S and preset
potentiometer VR1. which can be adjusted
to set the preferred brightness of the “ofl™
led.s
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Fig. 3. Complete circuit diagram for the Digilogue Clock. Note that if 8mm le.d.s (D11 to D22) are used the mains adaptor
(p.s.u.) will have to be up-rated to 250mA minimum — see text.
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Fig. 4. Printed circuit board component layout and (far right) full size copper foil master pattern for the clock. Note that switches
S1 to S3 and preset VR1 are soldered directly on the copper side.

SWITCHED
RESETTING

In the prototype, a 2-pole 2-way slide
switch was originally used to select the
desired clock mode, of either Set or Run.
This worked well when setting the time, but
as soon as the switch was set back to run,
spurious signals caused by -switch contact
bounce falsely clocked on the counters. To
get over this, analogue multiplexer IC3 was
added and operated as follows.

When none of the push-button switches,
S1 to S3, are pressed the analogue switches
are as shown in the main circuit diagram of
Fig. 3. With the switches in this state, the
clock is in its normal running mode. The
reset pulse from the junction of the diode-
resistor network around DI to D4 and R2
is routed from IC3 pin 12 to IC3 pin 14 and
thence to the reset pin of counter 1C2 (pin
2) and also to the clock input (pin 1) of the
minutes counter 1C6.

When the Set Enable switch S3 is
pressed, the two CMOS switches within
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IC3 change over their signal routings. This
does two things, first it enables the two Set
switches S| and S2. When pressed, these
respectively take fast pulses from IC1 pin
13 and slow pulses from IC| pin 3, feeding
them to IC6a pin 1, to allow the setting of
the clock. The Fast switch S2 should be
used to set the hours and the Slow switch
$3 to set the minutes.

Simultaneously, the reset pin of IC2, pin
2, is taken high, stopping the chip from
counting. If this counter was not stopped
whilst setting the time, it would produce
unrequired output signals, erroneously
clocking on the minutes counter when
returning to the normal Run mode.

CONSTRUCTION

The entire clock circuit is built on one
single-sided printed circuit board (p.c.b.)
measuring 18cm in diameter. The p.c.b.
component layout and full size copper foil
master pattern are shown in Fig. 4. This
board is available from the EPE PCB
Service, code 901.

Begin construction by soldering in the
seven on-board link wires. This is impor-
tant since two of them are underneath the
7-segment displays. Next, the diodes, resis-
tors and capacitors should be fitted. Try
wherever possible to lay components as flat
as you can. Next fit crystal XTALI.

How the 12 l.e.d.s and the two 7-seg-
ment displays are fitted depends on how
you wish to install the i.c.s. To keep the
overall thickness of the finished clock to
a minimum, the author decided not to
use i.c. sockets. If you go for this op-
tion, you can fit the displays and le.d.s
as normal, ensuring that the bodies of
the components rest on the p.c.b. The
l.e.d.s should then just protrude through
the front panel and the displays be flush
with it.

Note that all the i.c.s are CMOS devices
and that the usual anti-static precautions
should be taken at all times when hand-
ling them. Ensure that you periodically dis-
charge static electricity from yourself by
touching a grounded (earthed) item.
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DIGITAL

CLOCK

Design by
JSP 1994

If you decide to fit i.c. sockets you must
take a different approach. First. the displays
will also have to be mounted in ic. sock-
ets. to raise their profile above the board.
Make sure the displays are high enough to
just protrude through the front panel

Next, the l.e.d.s must be inserted so that
they protrude slightly more than the dis-
plays. The author found that the best way
to fit them was to get a piece of balsa wood
sheet, just the right thickness to raise the
le.d.s up from the p.c.b.

Make a hacksaw cut at right angles to
the plane of the sheet, then simply pop the
l.e.d. into the cut, and then into the board
Solder the l.e.d. in place and then remove
the balsa wood. This allows all the l.e.d.s to
be inserted at the correct height and angle,
asshown in Fig.5

Lastly, fit switches SI to S3 and preset
potentiometer VRI. So as not to spoil the
face of the clock, the author decided to
mount these components on the reverse of
the p.c.b. With this in mind open-sided
switches and a skcleton-type preset were
chosen to allow easy soldering to the board.

COMPONENTS

Resistors
R1 10M

R2, r
R34 to R45 1k8 (13 oft
Ry ot oot TALK

See

R4 ak7 Page
R5to R18,

R22to R33 270 (26 off)
R19toR21 39k (3 off)

All 0.25W 5% carbon film or better

Potentiometer

VR1 2k min. skeleton preset, horiz.
Capacitors

C1 33p polystyrene

C2 100p polystyrene

C3to C6 100n ceramic (4 oft)

Semiconductors
D1to D10 1N4148 signal diode
0 off

(10 off)
D11to D22 Red l.e.d. (12 off) (see text)

Approx cost
guidance only

£28

IC1 4060 14-stage binary
counter and oscillator

1IC2 4024 7-stage binary
counter

IC3 4053 triple 2-Chan.
multiplexer

1C4,1C5 4511 BCD to 7-segment

decoder (2 off)

1C6, IC7 4520 dual binary up
counter (2 off)

IC8 4067 16-Chan.
multiplexer

X1, X2 7-segment common

collector l.e.d. display,
1 inch high, red (2 off)

Miscellaneous

Printed circuit board available from EPE
PCB Service, code 901. S1 to S3 click switch
(open sided) (3 off); caps for switches (3 off);
red filter sheet; case to suit (see text); 6V
mains adaptor (see text); terminal solder pins;
connecting wire; solder, etc.
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POWERING THE
P CcLOCK

Having completed the assembly of the
p.c.b.. thoroughly check it for incorrectly
positioned components. and for inade-
quately soldered joints and solder shorts

BALSA BLOCK
SAWCUt

P.CB
across the tracks.
The clock can now be connected to the
power from a 5V to 6V d.c. mains adaptor.
e e The circuit draws about 130mA and so an

adaptor with a ‘rating of 250mA or more
ONCE POSITIONED THE LE.O. should ge salisf.aclory."Thc' oul.pull( ﬁiom
i CAN BE SOLDERED mains adaptors is usually via a jack plug.
However, the author felt that he did not
wish to use a jack plug and socket for
connecting the power to the clock as any
Fig. 5. Using a piece of balsa wood as a spacer to position the l.e.d.s at the right movement of the supply wire could. per-
height on the p.c.b. haps. cause momentary power loss which,
of course. would corrupt the time setting.
For the prototype. the author used a
phono plug and socket. Since it was also
necessary to extend the power supply cable.
a length of similar cable was soldered di-
rectly to the clock board (using terminal
pins to anchor the wires) and the free end
fitted with the phono plug. The jack plug
was cut off the adaptor and replaced by
an in-line phono socket. This arrangement
proved to be very reliable.

CLOCK HOUSING

The clock can be housed in a variety of
ways, but the author recommends the use
of either a deep red or a black perspex front
panel. If red polarised perspex is available,
all the displays can be mounted beneath it.

This removes the need for any awkward
drilling and will also look attractive. Other-
wise, holes must be drilled for the hours
l.e.d.s. and a rectangular hole cut out for
the 7-segment displays. A small piece of
polarising filter. which greatly increases the
contrast of the displays. should be fitted in
the rectangular window.

For the clock surround. either wood or
plastic can be used. The author used balsa
with a teak veneer. Metal picture framing
material should ailso work well and is easy
to use. For the back panel. a piece of sheet
ABS plastic was used.

The le.d.s used in the prototype were
Smm round types but the clock should also
look pleasing with 8mm round ones in-
stead. Note that in the latter instance, the
current drawn will probably increase to
about 230mA so the adaptor will need to
be up-rated accordingly. If you are good at
dritling and filing holes. you could go for
rectangular or triangular types of led. in
place of the round ones.

The design is very flexible and several
clocks, in various shapes and sizes. have
becn built.
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At last, a fully functional upgradeable
PCB CAD system to suit any budget.
Substantial trade-in discounts are
available against other "professional"
PCB design packages ...

... call now for details.
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A roundup of the latest
Everyday News from the
world of electronics

MEASURING THE HUMAN BODY

New Body Scanner is ““a lass
unparalleled’ - by Hazel Cavendish

HE accurate measurement of human body size and shape is as

essential to textile manufacturing and industrial design as it is to the

medical world. Since 1528 when Albrecht Diirer published his
“Vier Biicher von Manschlicher Proportion’’ scientists have been ex-
perimenting with different ways of measuring people, but the methods
used have been slow and laborious and usually involved a degree of
physical contact.

Now electronics and computer technology are being used by Lough-
borough University to research an ultra-sophisticated automated system
capable of fast, accurate and comprehensive measurements of the human
body with a computerised television and a 3-D scanner.

British, European, Japanese, American and Canadian patents have been
registered for LASS (Loughborough Anthropometric Shadow Scanner),
which was sponsored by the Science and Engineering Research Council.
Marks & Spencer have collaborated in the development of the system in
garment manufacturing.

The Human Measurement and Growth (HUMAG) Research Group
at Loughborough, have produced a ‘‘soft’’ mannequin dummy called
‘*Annie. Murphy'’ based on the study of 155 British women which proved
that the national female figure has changed considerably since the 1940s
and 1950s. Women had something of an hourglass figure in that era; today
they carry more weight on hips and waist with a larger bust. manufacturers
of women’s clothing should find this information useful as most British

women grumble that UK sizings are frequently inaccurate.

How the Scanner evolved

Professor Peter jones, who has the Chair of Human Functional
Anatomy, says that their research has been based on the concept that a
body could be measured in terms of radii and angles in conjunction with
height. It defines a plane on the body from which it is possible to measure
the radius using a television camera interfaced to a computer. A person
wearing a body stocking is scanned on a turntable which is able to be
rotated through 360 degrees in measured angular increments.

Four narrow strips of light are projected to fall on the body in vertical
planes. These planes are arranged to pass through the centre of rotation of
the turntable, with the scene viewed by two banks of seven TV cameras,
so aligned that the light slit edge of the field of view conjoined with the
centre of rotation of the turntable (see diagram). This alignment enables alt
points where the edge of the light falls on the body to define the horizontal

Person being
measured
4 X Projectors
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!
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Turntable

TV,
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radli in the vertical plane.

Further television lines measure radii further down the
body, and information from a transducer mounted on the
turntable gives the angle at which the radii are measured, the
fult shape of the body being defined in cylindrical coordinates.
An Eltec mini computer (R.C.S. Microsystems Ltd) is used to
collect the digjtized information which can be displayed
numerically on the screen in x, y and z coordinates.

Medical Aspect

Although numerous medical applications of LASS are ex-
pected to be developed, attention has presently been focussed
on providing practical help to women facing mastectomy.
Another appilcation is likely to be of considerable interest to
the medical world is directed to radlotherapy. In the context
of mastectomy the team has consldered the patient who has
to undergo a series of radlation treatments where the X-ray
tube heads would have to be aligned accurately over the areas
to be treated, so that the central rays of the radiation beam
avold the blood-forming organs and bone marrow.

‘‘To do this it is essential to have an accurate mould of
the body so that medical physicists can use posltioning wires
through the mould to locate the exact slte of the tumour,’
says Professor Jones. ‘It is envisaged that LASS could scan a
patient and via a computer, accurately position the X-ray tube
heads to the required angles and be readily accessible for
recall whenever a patient came for follow-up treatments. "’

*‘As far as is known,’" says Professor Jones, ‘‘no system exists
in the public domain which can automatically measure human
forms. Our intention is to establish at Loughborough University
a databank of body shapes taken from sample populations. Di-
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X
X
X
X
X
X [ Tabia
Plan and elevation of the configuration for the 16 projectors and 14 TV cameras in
relation to the turntable.
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rect beneficiaries will not only be the manufacturers, retailers
and purchasers of clothing, but also design and bio-engjneers,
medical and health scientists and ergonomists. '’
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PICO

Pico Technology have added three
products to their popular PC based
instrument series. Like the rest of the range
the units offer the performance of desktop
instruments with all the benefits that PC
connection offers (clear displays, on screen
instructions, disk and printer support).

Slightly larger than a cigarette packet
the SLA-16 is probably the smallest and
most economical PC based logic analyser.
It offers 16-channel operation with an 8K
trace buffer. Flexible internal and exter-
nal clocking modes are supported (up to
50MHz). The supplied software provides
state listings and waveform displays, two
cursors can be used for time and frequency
measurement.

The ADC-100 with the supplied PicoScope
software allows your computer to be used
as a dual channel digital storage ‘scope,
spectrum analyser, frequency meter and
voltmeter. For long term data logging
(and chart recorder emulation), PicolLog
software is an optional extra.

The ADC-100 offers 100kHz sampling and
12-bit resolution. Each chanel can be set to
any of seven input voltage ranges (+ 20V to
+0-2V). The ADC-100 is powered from the
PC's parellel port so is ideal for potable use
with a notebook PC.

The ADC-22 is a data logging unit
designed for users who require a large
number of input channels (22). lts other
specifications are similar to the exsiting
ADC-11.

Prices of the units are: ADC-22 £199, SLA-
16 £219 and the ADC-22 £199. All are avail-
able from Pico Technology. Dept EPE. 149-
151 St Neots Road, Hardwick, Cambs. CB3
7QJ. Tel: 0954 211716.

SIMPLIFIED FILTER
DESIGN PROGRAM

The filter circuit is one of the basic building
blocks in electronic design. Almost every piece
of electronic equipment contains at least one fil-
ter and their use is becoming more important as
EMC legilsation progressively comes into force.

For many electronics engineers, however,
designing active and passive filters is a tedious
and error-prone process. They must either
perform many repetitive and complex calcula-
tions or look up dozens of normalised coeffi-
cients in tables.

In the same way that the electronic calculator
has displaced printed log tables, FILTECH, a
new filter design program from Number One
Systems, is using the power of the modem PC
to free designers from their dependence on these
methods.

A major advance of FILTECH is the ability to
analyse the synthesised filter circuits independ-
ently and display a graphic plot of the calculated
frequency response, superimposed on the speci-
fied filter limits. This gives immediate confirma-
tion of the accuracy of the synthesis process.
It can synthesise both Active and Passive Fil-
ters up to sixth order with a frequency range
extending from fractions of a Hertz to over a
Gigahertz.

Passband and Stopband frequency limits,
Ripple and Attenuation levels, and terminating
impedances are all FILTECH needs to know
before it can complete a design. Naturally, the
built-in simulator can superimpose the resulting
frequency response on top of that produced
using the original ideal component values.

Educationalists will appreciate the way in
which the user can choose to override
FILTECH's recommendations and see im-
mediately, through the built-in simulator the
effects of varying such filter parameters as the

filter type, Bessel, Butterworth or Chebyshev, or
the filter order.

For in-depth investigation of filter behaviour
including the analysis of input and output
impedances, phase response and group delay,
FILTECH can be linked seamlessly to Number
One Systems’ ANALYSER Il linear circuit
simulator. The combination of the two programs
offers a unique insight into filter design.

For further details and full ordering infor-
mation contact: Number One Systems, Dept
EPE, Harding Way, Somersham Road, St. Ives,
Huntingdon, Cambridgeshire PE17 4WR.

MARS RALLY

For amateur radio enthusaists an event
worth attending will be the MARS-Stock-
land radio/computer rally at Stockton Green
Leisure Centre, Slade Road, Erdington, Birmin-
gham. To be held on Sunday 13th November
1994, the rally will include the usual traders,
locat clubs, special interest stands, bring and
sell tables, refreshments and so on. Doors open
at 10.00am, admission £1.00. Car parking is.
free. For more details contact either Norman
GBBHE 021-422 9787 or Peter G6DRN
021-442 1189, evenings only.

YABA DABA DO -IT’S BRITISH

% British Oscar-winning technology in Hollywood’s latest blockbuster.
% Controlled by RISC computer, they’re probably the cleverest dinosaurs ever!

HE EXTRAORDINARILY life-like qualities of the main dinosaur
characters in the new Flinistone movie rely on state-of-the

-art computer control technology designed by Cambridge-based

MicroRobotics.

Inside the head of dinosaur characters such as Dino the

Dogasauras or the Dictabird are tiny embedded controllers driving
as many as 20 motors which activate the eyes, lips, jaws, ears and so
on. These effects are controlled remotely by command signals sent
by radio or wire from a puppeteer using a super-fast RISC-based
computer and special joystick-like controls.

Universal/Amblin's Flintstones is the latest application of this
computer-based puppet control system. Developed for Jim Hen-
son's Creature Shop — who supplied the dinosaur character heads
and animation effects for this new film - MicroRobotics’ controller
is claimed to provide unparalleled flexibility for synthesizing facial
expressions.

This performance stems from state-of-the-art processing technol-
ogy. and unique control sticks developed by the Creature Shop,
w%\ich together allow puppeteers to combine multiple movement
actions at will to create any desired expression. Unlike earlier pup-
pet control systems which typically execute stored movement se-

uences only, MicroRobotics' control technology — coupled with
the individual skill of the puppeteer — allows stunningly realistic
effects to be generated in real-time.

When designing this control system, MicroRobotics looked for
ultra high speed response. to give users instantaneous control over
the puppet. and found this performance in the 32-bit ARM proces-
sor. Also designed in Cambridge. this chip is based on RISC
(reduced instruction set computing) architecture, and provides the
exceptional computational rates required to translate a puppeteer’s
control signals into the command strings required by the motors.

Shortly, the comgany will launch a new version of its RISC-
based controller technology - designed specially for embedded sys-
tems and industrial control and monitoring applications.

For further information contact Peter Miller at: MicroRobotics
Ltd.. Dept EPE. 39 Springfield Road. Cambridge. CB4 1AD. Tel:
0223 323100; Fax: 0223 462242.
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Regular Clinic

C/RCUIT
SURGERY

ALAN WINSTANLEY

This month in our regular round-up of readers’ questions and hints, we look at a
Ni-Cad charger which can be powered from a car battery, also a suggestion for
d.c. motor control using logic , and Ingenuity Unlimited — what you told us!

D.C. Motor Controller

Andrew Long of Peterborough posed a
question which will interest anyone
involved with d.c. motor control using
logic systems, perhaps in the context
of buggies or robotics. Andrew has
designed a system which requires an
add-on motor interface to control the
direction of motor rotation, also a
**pause™ facility is required:

I need a circuit to reverse the direction
of a small 3V d.c. 14 motor. This will be
driven from a J-K bistable set as a T-type
Sflip-flop. A logic high “pause’ signal is
needed to disable the motor. I've tried
many ideas without success and hope you
can help.

Andrew sketched a block drawing of
his requirements in Fig. 1. His T-type
(toggle-type) bistable alternates the com-
plementary inputs Input A and Input B,
like a changeover toggle switch. There are
several avenues we could explore: initially
I thought about a simple “discrete™ ap-
plication using individual transistors such
as the push-pull arrangement of Fig. 2.

A complementary (npn and pnp) pair
of power transistors form a set of
switches centred around the OV rail.
Split supplies (+3V) are needed and
whichever transistor is switched on
determines the direction of motor rota-
tion since the motor can of course be
made to reverse simply by transposing its
d.c. supply.

This idea is very simple in some
respects but it does have several draw-
backs. We need split rails, and there is
absolutely no compatibility with stan-
dard logic levels, so further interfacing

T
7
]

Fig. 2. Push-pull d.c. motor controller.

OFF

Fig. 3. “"H” bridge network motor driver.

would be needed before it could be
hooked up to Andrew's logic circuit. |
didn't get as far as the “pause™ control
and started to search through my
groaning Data library instead!

Motor control is often provided by
means of bridge driver networks, These

Direction Control

JL
e Se it D.C. Motor
contfroller s
Logie Signass < InPut 8 0——— i’
I
Pause O——
Fig. 1. Block diagram of the required motor controller.
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consist of four transistors (e.g. MOS-
FETs) arranged in an “H™ bridge pat-
tern, see Fig. 3. If the appropriate tran-
sistors are driven in the correct pattern,
the motor in the centre of the bridge can
be operated in either direction. In fact
two diagonally-opposite transistors are
switched on at any one time and this sets
the polarity across the motor. For ex-
ample, the dotted line shows how when
TRI1 and TR4 are enabled, the motor
polarity is as shown.

This “*H" bridge is very common, and
the most modern way to implement it is
to use one of a variety of driver i.c.s
which take care of organising the driver
transistors for us. Dual drivers which
control two motors are also available.
Quad drivers too! They usually incor-
porate a diode suppression network to
counter the damaging back e.m.f. gener-
ated by the motor windings, and they
have more useful features as we shall see.

These special driver i.c.s can power a
d.c. motor directly. They may have two
power supply inputs, one for the chip
logic and a second higher voltage motor
supply (up to say 50V or more) which is
connected to the transistor bridge within
the i.c.. +Vm in Fig. 3. The biggest
drawback I found was that the minimum
motor drive voltage specified by most
manufacturers was too high for our 3V
motor, typically 6V-12V or more being
specified, so | opted to include a simple
series resistor with the motor as a quick
fix, so that the motor can be driven from
a higher rail.

A suggested application is shown
in Fig. 4. Allegro Microsystems’
UDN2953B (available from Electromail,
stock number 653-547) will drive directly
motors up to S0V 2A current rating. It
possesses pulse width modulation
(p.w.m.) capability, which is a way of
modulating the current demanded by the
motor to maximise efficiency and
improve power consumption.

The i.c. senses the current flowing out
of the motor via a sense resistor Rgpe
(R2) to OV. When a set current is
exceeded. the supply to the bridge is
temporarily interrupted by the i.c. for a
matter of microseconds, and thus the
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MOTOR SUPPLY >8-5V.dc.
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Fig. 4. D.C. p.w.m. current-limited motor controller.

average current to the motor is con-
trolled. The *trip™ current in this circuit
15 2:5V/10 Ryense SO I set R2 at 0-24 ohms
0-25W or thereabouts for our 1A motor.

Motor-vated

Other neat features include a “brake™
on pin 2 which will effectively short the
motor to the main motor supply rail.
Connect this pin to OV and the back
e.m.f. generated by the motor will be
used to help brake the motor by op-
posing the “forward voltage™ of the
motor supply. This feature shouldn't be
abused since the i.c. may be damaged
if the brake is applied at high motor
velocities (when back e.m.f. is highest).
so it shouldn’t be treated as an “‘emer-
gency stop””.

Similarly, the “*phase” control on pin 7
controls the direction of d.c. motors, and
this pin is switched between logic high or
low as required. Again, sudden switching
of the motor at high speeds isn’t recom-
mended. The i.c. does include protection
diodes but the internal current control
circuitry itself doesn’t function when the
brake feature is used. You have been
warned!

The UDN2953B is driven by a stan-
dard 5V supply which needs decoupling,
hence the electrolytic capacitor C1 which
must be placed as close as possible be-
tween pin 6 and the OV connections. The
motor voltage dropping resistor is calcu-
lated using Ohm's Law and depends on
the motor voltage rail used.

I can see no reason why you couldn’t
drive the motor from the 5V logic rail if
it can supply the 1A needed. in which
case try a 2Q 2W series resistor. Current
consumption is roughly 20mA for the
logic itself.

The i.c. should be soldered directly to a
p-c.b. and large areas of copper ought
to be used underneath to act as a
*heatsink™ for the central four pins of
the d.i.l. package. Maybe use a d.i.l.
heatsink too, though the i.c. does have
thermal shutdown protection.

Over to you

That’s the basic idea - | haven't bread-
boarded it so you will need to prototype
the system yourself, but it is an excellent
starting point for further experimenta-

tion. Remember this will drive almost
any d.c. motor up to 50V 2A!

In order to interface it with your own
logic system, Andrew, your *“‘pause’ con-
trol becomes the ENABLE signal. Hap-
pily. a high ENABLE signal will stall the
motor as per your original requircment.

Since you are toggling fwo inputs from
your system (Inputs A and B). you need
to usc a Set-Reset flip-flop to gate your
two input signals into a single high/low
signal. Use this to drive the PHASE con-
trol of the integrated circuit. The sug-
gested flip-flop is also shown in the circuit
diagram. The Truth Table for the device is
given below, where X is “*don’t care™.

Table 1: Truth Table for UDN2953B motor controller.

Ni-Cad charger conversion

Paul Hutchinson of Dunstable is inter-
ested in the Simple Ni-Cad Cell Charger
constructional project (July's issue), and
asks:

My main interest is to charge nickel
cadmium rechargeable cells from a car or
boat [2V d.c. supply and I wondered if it's
possible to modify this project, so that it
will charge from a 12V battery instead of
the mains?

Can it operate (a) with the engine run-
ning and (b) with the motor switched off?
My knowledge of electronics is limited
and I'd welcome any advice.

Converting Steve Knight's mains-
powered unit to operation from a
12V battery presents no problem. Mr.
Hutchinson - 1 suggest the following
changes:

1. Obviously omit the transformer TI
because you no longer need the a.c. “'step
down™ function. However. if you leave
the bridge rectifier in place. you can
connect your 12V d.c. battery directly to
what was the a.c. input of the bridge
rectifier: it will make no difference which
way round you connect your 12V bat-
tery becausc the bridge rectifier will
“sort out™ the polarity for you and will
prevent any damage occurring to the
regulator i.c. Check out my Car Electrics
Probe (Circuit Surgery, July issue) and
you will see that | did exactly the same
thing.

2. The smoothing capacitor Cl can
safely be reduced in value to, say 100uF
16V. It’s now acting more as a “‘decou-
pling™ capacitor to help remove noise
from the d.c. in-
put.

ENABLE | PHASE | BRAKE |OUT A| OUT B| Motor ,afe-d";';‘:,;z,{"ﬁ
series with the 12V

Low High open High Low runs d.c. input lead.
This fuse should

Low Low open Low | High [ reversed be as near as
possible to the

g X dis: origin of the 12V
High open Open | Open [ disabled A5 amibn o
that the c t-

X X Low High | High | braking in; Ieafi fgievces

A Data Book which I would recom-
mend is the Smart Power Application
Manual published by SGS Thomson
Microelectronics. This contains several
interesting application notes pertaining
to the field of motor control. Another
Data Book arrived on my desk recently,
| can recommend the /ntegrated and
Discrete Semiconductors handbook by
Allegro Microsystems, this details the
UDN2953B motor controller together
with the popular UGN- range of Hall
effect devices, amongst other products.
You can buy this latter book from
Farnell of Leeds (Tel. 0532 636311),
Stock No. 202-873, £5.00.

Incidentally, since they are appointed
distributors for a variety of semicon-
ductor manufacturers, Farnell operate
a 24 hour “Dataline™ on 0532-310160
which covers their range of semiconduc-
tor products. Simply ring and quote the
precise and full product name (2953
won't do!) and they'll send you the
manufacturer’s Data Sheet free of charge
(or so it says in my catalogue).
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maximum protec-
tion ~ the fuse’s job is of course to melt
in case the cable (rather than the unit
itself) develops a fault, e.g. being severed
and shorting to the chassis. As an
alternative, you could safely use a fused
cigar lighter plug if appropriate.

If anything, efficiency will be improved
somewhat because the regulator will dis-
sipate less power, since the input volt-
age is lowered from 17V to 12V-13V. |
don’t think that there will be any dif-
ference in operation when the engine is
running or switched off, the alternator
may charge the battery at up to nearly
14V but this will not affect the operation
of your circuit.

Schools and Clubs

We actively encourage the learning of
electronics skills. After all, our younger
readers especially are tomorrow’s elec-
tronics engineers and we need them!

We will do our best to help with any
technical queries from those involved in
technology and we support the teach-
ing of electronics syllabuses. OQur Circuit
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Surgery Education Service deals with a
variety of questions from the education
sector from time to time, so feel free to
drop us a line with any problems.

If you prefer nor 10 have your name
published. please state this clearly but we
do like to share any experiences with
readers who may hopefully be inspired
by what they read. Also. if any school
electronics clubs or groups are looking
in, why not drop Circuit Surgery a line,
tell us how you're doing and we’ll give
you a mention.

Ingenuity Unlimited

We asked what you thought about our
re-introducing the former Practical Elec-
tronics feature Ingenuity Unlimited, and
we received a very encouraging response.

Amongst others. Andrew Hutton of Wir-
ral recalled that he was given the 1978 to
1981 PE magazines by his school clec-
tronics department and found the /n-
genuity feature very interesting.

Mr. B. Balet of Co. Kerry. Eire
thought it was a great pity that
the feature had been abolished and
would very much like to see its
return, a view echoed by Roeb Ives in
Maryport, Cumbria.
Hastings (thanks for the card) said
Ingenuity: Unlimited was sorely missed
and Tom Baldwin of Romsey would be
delighted to see its return, he also sent a
possible submission, something which
quite a few other readers also provided.

Reader Neil Johnson of Camberley
reckons that “‘readers’ own circuits™

Rick Evans of

columns are an increasing rarity and is
all in favour of the feature's resurrec-
tion. O.K.. readers. you're on! Ingenuity
Unlimited was always a hit feature and
now that the PE title has been acquired
by ourselves, we're delighted to say that
Ingenuity Unlimited will be returning
next month. See the announcement in
the scparate panel, and don’t miss it
next month!

I'm putting my feet up for a week or
two while the Surgery goes on holiday.
Meanwhile. if you have any topical
comments or queries for possible inclu-
sion in Circuit Surgery, please write
to me: Alan Winstanley. Circuit Sur-
gery, at the editorial address. | cannot
guarantee to reply individually but will
try to offer advice wherever possible.

7

Inviting Your Unlimited Ingenuity

Readers are invited to submit their own circuit ideas for possible inclusion in the
forthcoming series of /Ingenuity Unlimited. |Ideas must be the readers’ own work and
not already on offer to, or published in, any other publication. We will pay between
£10 to £50 for all circuits used depending on length and merit. We're looking for
novel applications and interesting circuit tips — not “‘electrical’’ or mechanical ideas.
Please include a brief description, preferably typed or word processed, and draw
any diagrams neatly, including all relevant component values.

Send your circuit ideas to: Alan Winstanley, Ingenuity Unlimited, Wimborne
Publishing Ltd., Allen House, East Borough, Wimborne, Dorset BH21 1PF.

N
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A SAMPLING OSCILLOSCOPE AND
LOGIC ANALYSER!

IN AN AFFORDABLE PORTABLE PACKAGE

IMHz analogue bandwidth
0.2V-50V input range
Various Triggering options

Crisp, clear LCD screen

10 Mega samples per second single channel DSO

10 Mega samples per second 8 channel logic analyser
5V TTL/4.5-15V CMOS logic level inputs

Zoom and Scroll facilities (selected ranges only)
Battery or mains adapter powered

12 Months Warranty (Built version only)

"Get you working” service (kits only)

Write or phone for a free Information Pack to

INUDOI

AUDON ELECTRONICS

36 Attenborough Lane, Chilwell,Nottingham NG9 5JW 0602 259737

The Miniscope

MINISCOPE KIT £129

MINISCOPE BUILT £169

MAINS PSU £€3 P&P £3
PLEASEADD VAT AT 17.5%
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POWERFUL SCHEMATIC CAPTURE,

PCB DESIGN AND AUTOROUTING
ALL FOR JUST £395...

PROPAK AR for DOS provides all the features you need to create complex PCB designs quickly
and easily. Draw the circuit diagram using the powerful facilities of ISIS DESIGNER+ and then netlist
into ARES AUTOROUTE for placement, autorouting and tidy up. Advanced real time design rule
checks guarantee that the final PCB will correspond exactly with the schematic thus saving you from
costly layout errors and time consuming debugging.

Attractive, easy to use graphical interface

m_ Object oriented schematic editor with automatic wire routing,

| = dot placement and mouse driven place/edit/move/delete.

Netlist generation for most popular CAD software

Bill of Materials and Electrical Rules Check reports

Two schemes for hierarchical design

Automatic component annotation and packaging

Comprehensive device libraries and package libraries

including both through hole and SMT parts.

= User definable snap grids (imperial and metric) and Real
Time Snap to deal with tricky SMT spacings.

a Manual route editing features include Auto Track Necking,
Topological editing and Curved tracks.

= Autorouting for single, double and mutti-layer boards.

= Non autorouting PROPAK is available for just £250 if you do

not need or want the router

Full connectivity and design rule checking

Power plane generator with thermal relief necking

Graphics support to 800x600 Super VGA

Output to dot matrix and laser printers, HP and Houston

plotters, Postscript devices, Gerber and Excellon-NC

machines plus DXF and other DTP file formats

wux-;_——-ﬂ':?—rq—ou — !

CADPAK
Two Programs for the Price of One

ISIS ILLUSTRATOR
Schematic Drawing for Windows

o—

ml [_ I—_'4
o 3 ;J:‘ﬁz R2
£ e

SIS SUPERSKETCH

A superb schematic drawing program
for DOS offering Wire Autorouting,

Auto Dot Placement, full component

libraries, export to DTP and much more

Exceptionally easy and quick to use. For example, you
can place a wire with just two mouse clicks - the wire
autorouter does the rest.

Running under Windows 3.1, ISIS ILLUSTRATOR lets
you create presentation quality schematic drawings like
you see in the magazines. Furthenmore, when the
drawing is done, transferring it to another document is
just a matter of pasting it through the Clipboard.

PCB Il

High performance yet easy to use manual PCB layout
package. Many advanced features including curved tracks,
auto track necking, DXF export, Gerber and NC file
generation, Gerber viewing and more.

Alan Chadwick writing in ETI (January 94) concluded
"At £79 | thought this was an excellent buy.

abcence

] e ¢c ¢t r o n i ¢ s

Now used by a number of prominent technical authors to
illustrate their latest books and magazine articles.

rm,r& N Call us today on 0756 753440 or fax
: e 0756 752857 for a demo pack - state

B e . 4
(\ O-,_:Tog DOS or Windows. Multi-copy and

educational discounts available.

WE HAVE MOVED - NOTE NEW ADDRESS , orces oxaude pb0 0 o o ermiaayon

E

53-55 Main St, Grassington, North Yorks. BD23 5AA.
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Constructional Project

VISUAL/AUDIO
GUITAR TUNER'

ROBERT PENFOLD

Be sharp! Tune into the
“ring-of-truth” and hit the right note.

based on the Visual Guitar Tuner

project which was featured in the
June 1987 issue of Everyday Electronics.
This design was very popular for several
years, but is now obsolete because it utilizes
a top octave generator integrated circuit
which is no longer available.

The present design uses a low power 555
timer i.c. and multiturn presets to produce
the six reference notes. This is slightly less
convenient in that the six presets must be
accurately tuned for the correct frequencies
before the unit is ready for use. However,
this is not too difficult to achieve, and it
means that the circuit uses components
that are readily available.

DISPLAY

There are two basic types of electronic
guitar tuner. One type has a centre-zero
meter which gives a negative indication if
the note is flat, or a positive indication if it
is sharp. With the correct note the meter
reads zero. Tuners in this category are very
easy to use, but are relatively complex and
do not always offer a very high degree of
accuracy.

The alternative form of guitar tuner has
a l.e.d. which flashes at a rate that is equal
to the difference between the frequency of
the reference note and the frequency of the
note played on the guitar. The guitar is
tuned to give a very low flash rate from the
led.

Devices of this type are usually very
simple, and offer a very high degree of

Tms guitar tuner for electric guitars is

accuracy. Tuning errors of well under 1Hz
are clearly displayed by the l.e.d. Tuners of
this type can be a little awkward to use
though, since the direction of the tuning
error (sharp or flat) is not indicated.

This guitar tuner gives the best of both
worlds by having a flashing l.e.d. display
which does indicate whether the tuning er-
ror is sharp or flat. The display is actually a
ring of eight le.d.s. With the guitar ac-
curately tuned, four led.s in a row will
be switched on, the other four le.d.s will
be switched off, and the display will be
stationary.

The block of four led.s that are
switched on will “move™ around the
display in a clockwise direction if the guitar
is slightly sharp, or a counter-clockwise
direction if it is flat. Tuning the guitar to
within 0-1Hz is very simple and straightfor-
ward, even for someone who is literally
tone deaf.

Pressing a push-button switch enables
the selected tone to be produced via a
built-in ceramic resonator. This enables
tuning by ear if preferred, and it is also
useful for getting a newly fitted string
roughly in tune. The l.e.d. display can then
be used to get the string precisely in tune.

SYSTEM

OPERATION

The block diagram of Fig.l helps to
explain the way in which the unit functions.
A reference oscillator can be set to give
one of six frequencies. These reference fre-
quencies are eight times higher than the
tones produced by the open strings of a
guitar.

The oscillator drives a divide-by-eight cir-
cuit, and the main output of this stage drives
the ceramic resonator. When activated, the
resonator therefore produces tones that are
identical to those produced by the open
strings of a correctly tuned guitar.

The divider circuit has eight other out-
puts which go high, in sequence, for one
input cycle. These outputs drive the ring of
eight l.e.d.s.

The l.e.d.s are therefore switched on, one
at a time, in sequence, causing a light to
effectively run around the display at high
speed. Of course, in practice the display
operates at such a high speed that a human
observer cannot perceive the action, and
all eight l.e.d.s seem to be switched on
continuously.

An electronic switch also controls the
display l.e.d.s, and no display l.e.d. can
light up unless this switch is turned on. The
electronic switch is controlled by the in-
put signal via an amplifier stage, and it is
turned on during positive input half cycles.

o1 on) [ |

INPUTI | I l
lC2PIN12| l I l

M
=
[ -
e [

s

M

=1

[
M
[
[l [

D2 (ON) I |
Es D3 (ON)
D4 (ON)
D5 (OFF)
REFERENCE DIVIDER/ 8 L.E.D.
OSCILLATOR DRIVER DISPLAY
D6 (OFF)
D7 (OFF)
D8 (OFF)
ELECTRONIC
INPUT O AMPLIFIER SWITCH
E=T

Fig. 1. Block diagram for the Guitar Tuner.
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tone in-phase.

Fig. 2. Waveforms with the input signal and reference
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If the input signal and the divided
reference frequency are identical, and
in-phase with one another, the electronic
switch will be turned on while l.e.d.s one to
four are activated, and switched off when
l.e.d.s five 1o eight are activated. Therefore,
only le.d.s one to four will actually be
turned on. The waveform diagram of Fig. 2
should help to clarify this process.

Remember that a display l.e.d. will only
be switched on while the input signal is
high. It is therefore the polarity of the input
signal and the l.e.d. driver signals that are
of prime importance.

If the two signals are 180 degrees out
of phase, the electronic switch will permit
le.d.s five 10 eight to turn on, but will
prevent one to four from lighting up. Fig. 3
shows the appropriate waveforms.

Intermediate phase angles give inter-
mediate readings on the display, which acts
as a simple phase indicator. Fig. 4 shows
the waveforms with the input signal lagging
the reference tone by 90 degrees.

Since the display l.e.d.s are in a ring
formation, this still gives a block of four
l.e.d.s that are switched on. Although the
l.e.d.s are actually pulsed on and off at a
high rate, to the user they appear to glow
continuously.

If the two signals are at the same fre-
quency their relative phasing remains con-
stant, and the display remains stationary.
With the two signals at slightly different
frequencies they will move in and out of
phase, causing the light on the display to
rotate as it follows the changes in their
relative phasing. The direction of light
rotation depends on which signal is at the
higher frequency.

CIRCUIT
OPERATION

The circuit diagram for the Visual/Audio
Guitar Tuner appears in Fig. 5. A low
power timer (IC1) is used as the basis of the
reference oscillator. Since the output fre-
quency of a 555 astable is almost totally
independent of the supply voltage there ic
no need to use a stabilised supply for the
oscillator stage.

Six switched preset potentiometers
provide six reference frequencies, and VR
to VR6 must be carefully adjusted to give
precisely the correct output frequencies.

YR vR2'S VR3S vre S ves
100k 100k | 100K S0k | SOk
s1

IC1
o TeC555¢

D1 to D8
VRE a LSt N
u
>
3 3
\\
¥ 1C2 <
s2 ,
"-‘ | «o228€ Patiss B |
(-3 B
u \
14 &

» s

3
w7

Tic3
LF 35t

Fig. 5. Complete circuit diagram for the Guitar Tuner.

These presets are actually multiturn types
which make it easy to “fine tune” the
output frequencies. Multiturn presets also
offer good stability.

The divider, decoder, and display driver
(IC2) is a CMOS 4022BE, which is very
similar to the more familiar 4017BE. The
latter will no doubt be familiar to many
readers. Whereas the 4017BE provides a
divide-by-ten action and incorporates a

one-of-ten decoder, the 4022BE gives a
divide-by-eight action and incorporates a
one-of-eight decoder.

The divided-by-eight signal at pin 12 of
IC2 can be connected to ceramic resonator
LS1 by pressing push-switch S2. The eight
outputs of the decoder/driver are driven via
a common current limiting resistor (R10).
This is acceptable because only one l.e.d. at
a time can be switched on by 1C2.

INPUT I | l

wo 1

weeme L [ L
o1 (oFe3[ | ]
oz (orF) [ [
03 (OFF) (1 M
11 M
M

M
Mo
I

D& (OFF )

DS (ON)

D6 (ON)

D7 (ON)

D8 (ON)

_ 11
=
[
_ 11

LT3 (3]

TN e R e
o1 om [ ] 1

oz om [ |
D3 (OFF) ] [

D& (OFF)

DS (OFF) 1 ]
D6 (OFF) [ [
D7 (ON) []
D8 (ON) ]

@@y

Fig. 3. Waveforms with input signal and reference tone out

of phase.

Fig. 4. Waveforms with the two signals 90 degrees out of

phase. This still gives a block of four l.e.d.s switched on
due to the ring formation of the display.
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AMPLIFIER

The amplifier stage uses operational
amplifier IC3 in the standard non-inverting
mode. Resistors R4 and RS set the input
impedance at about 50 kilohms. which is
well suited to most guitar pick-ups. It
should also provide quite good results with
acoustic instruments via a high impedance
dynamic microphone.

Resistors R6 and R7 are the negative
feedback network which sets the closed
loop voltage gain of the amplifier. The
voltage gain is a little under 34dB (50
times). This is adequate to give good results
with the vast majority of guitar pick-ups.
but with very low output types (and with
microphones) it would probably be advan-
tageous to boost the gain slightly by reduc-
ing R7 to about one kilohm (1k).

Transistor TRI is a common emitter
switch which controls the l.e.d. display. It is
driven directly from the output of 1C3. and
under standby conditions preset VR7 is
adjusted so that TRI conducts to some
extent, but is substantially less than fully
switched on.

The signal level at the output of IC3 is
normally quite high, and with most guitars
clipping will occur until well into the decay
section of each note. This results in TRI
being biassed hard into conduction on posi-
tive half cycles. and fully switched off on
negative half cycles. It therefore switches the
display on and off in the required fashion.

The current consumption of the circuit is
about 3-SmA under quiescent conditions.
but itis up to about double this figure when
an input signal is present. A small (PP3)
size battery is therefore adequate to power
the unit.

CONSTRUCTION

Apart from the switches. sounder and
input jack socket. all components for the
Tuner are mounted on a small single-sided
printed circuit board (p.c.b.). This board is
available from the EPE PCB Service. code
900. The p.c.b. component layout and full
size underside copper foil master pattern
are shown in Fig. 6.

Front pane/
layout and lettering
on the completed unit.

S o Y s @
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[ ] [
— |® o
=y VR1
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r
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g $
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D2
= b
1
Xe
+
r————‘ c4 RS
SK1

@ o014+

R9 $ o—-B1

Fig. 6. Printed circuit board component layout and interwiring to the off-board
components. The full size copper foil master pattern is shown above.
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The divider/driver 1C2 is a CMOS in-
tegrated circuit, and as such it requires the
standard anti-static handling precautions.
A holder is therefore essential for this com-
ponent, and it should not be plugged into
place until the board and wiring have been
completed.

Although IC1 is a CMOS device and has
built-in protection circuits the normal anti-
static handling precautions are still neces-
sary. Note that IC1 has the opposite orien-
tation to the other two integrated circuits.

Any low power version of the 555
(TLCS55C, L555P, etc.) should work well
in this circuit. The standard 555 will also
work perfectly well. but it would give a
much higher current consumption and very
short battery life.

Presets VRI 10 VR6 must be 18-turn
“Cermet” types. Ordinary miniature pre-
sets will not fit into the layout correctly,
and would be difficult to adjust for
precisely the correct reference frequencies.

Three link wires are needed. and these
can be made from trimmings from resistor
leadout wires. Single-sided solder pins are
used on the prototype board at the points
where connections to the off-board com-
ponents are made. However, construction
would probably be easier if double-sided
pins were used. with the connections made
to the underside of the board.

DISPLAY L.E.D.s

Although the unit is usable if “bog stan-
dard” le.d.s are utilized for the display.
high brightness l.e.d.s will give much better
display brightness. The l.e.d.s are mounted
on the circuit board. and should have their
leadout wires left quite long.

The printed circuit board is mounted on
the rear of the aluminium front panel using
6BA or metric M3 fixings. Mount the
board with its component side facing for-
ward, and use spacers about 12mm long to
hold the board well clear of the front panel.

COMPONENTS

R10 1k
All 0-25W 5% carbon film

Potentiometers

VR1,VR2,
VR3 100k 18-turn cermet
preset (3 off)
VR4, VRS,
VR6 50k 18-turn cermet
preset (3 off)
VR7 4k7 min skeleton preset,
horiz.

Capacitors
Cc1 100u axial elect. 10V

Cc2 10n polyester

C3 47uradial elect. 16V

Cc4 1p radial elect. 50V

Ccs 47 radial elect. 50V
Semiconductors

D1toD8  5mm red “high bright-

ness” l.e.d.s (8 off)

Resistors
R1 10k See
R2, R3, R8 4k7 (3 off) i
R;, RS, R6 ;sgk (3 off)
R
R9 1k2 TP ALK

Approx cost
guidance only

£25

TR1 BC5489 npn silicon
transistor

IC1 TLC555C or similar low
power 555 timer

IC2 4022BE CMOS octal
counter

IC3 LF351N bifet op.amp

Miscellaneous

S1 6-way 2-pole rotary
switch (only one pole
used)

S2 Push-to-make,
non-locking push
switch

S3 S.P.S.T. min. toggle
switch

SK1 Standard jack socket

LS1 Cased ceramic resonator
{piezoelectric)

B1 9V battery {PP3 size)

Printed circuit board available from
EPE PCB Service, code 900; plastic
case, with aluminium font panel, size
160mm x 95mm x 57mm; control knob;
battery clip; 8-pin d.i.l. socket (2 off);
16-pin d.il. socket; connecting wire;
ribbon cable; solder; fixings, etc.

The l.e.d.s fit into holes drilled in the front
panel, and their tops must therefore be
about 15mm above the top surface of the
circuit board.

This method of construction is reliant on
the various mounting holes in the front
panel being drilled with a fair degree of
precision. Probably the best way of achiev-
ing this is to use a paper template traced
from the printed circuit design. Mount the
board on the right hand section of the front
panel, leaving room for S1, §3, and SK 1 on
the left hand section of the panel.

The piezoelectric sounder LS| and push

switch S2 are mounted on the right hand
side panel of the case. Most plastic cases
have moulded-in guide rails which make it
virtually impossible to mount LS| on the
rear surface of the panel. It must therefore
be bolted on the outside of the case. using
8BA or metric M2 fixings. These are not
normally supplied with the resonator, and
must be purchased separately.

A small hole is needed to enable the
leadout wires to pass through to the in-
terior of the case. The resonator itsell
can be used as a printed template when
marking the positions of the three mount-

Using coloured ribbon cable to wire the “tuning”’ switch S1 to the completed printed circuit board (p.c.b.).
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ing holes. The sounder LS] must be a
ceramic resonator and not a moving coil
loudspeaker. The available drive current is
far too low to drive any form of moving
coil loudspeaker.

To complete the unit the hard wiring
is added. This is illustrated in Fig. 6.
“Tuning” switch St is a standard 6-way
2-pole rotary type. but in this case one pole
is left unused. It can be wired to the printed
circuit using ordinary hook-up wire. but it
1s easter and neater if a piece of seven-way
“rainbow” ribbon cable is used.

ADJUSTMENT
ANDUSE

Setting up the unit requires the com-
ponent board to be temporarily removed
from the front panel to provide access to
preset VR7. The initial settings of the pre-
set resistors are not particularly important,
but it is probably best to start with VR7 at
a roughly middle setting.

At switch-on the l.e.d.s in the display will
probably switch on to some degree. and it
should be possible to control the brightness
of the display using VR7. The exact setting
of VR7 is far from critical. and any set-
ting which gives fairly low display bright-
ness under standby conditions should give
good results. Once VR7 has been given a
suitable setting the component board can
be remounted on the front panel

Multiturn presets VR1 to VR6 must be
adjusted to give the correct reference fre-
quencies. One way of doing this is to tune
the unit by ear against a tuning fork. or
any accurately tuned instrument. Pressing
switch S2 enables the selected reference
tone to be heard. and the appropriate
preset resistor is then adjusted for the
correct pitch. VRI is the preset which
controls the low “E". running through to
VR6 which controls the top “E™

Alternatively. the unit can be tuned
against an electric guitar. electronic key-
board instrument. etc. that is accurately in
tune. It is just a matter of connecting the
output of the instrument to the input socket
SK1 using a normal jack lead. selecting the
required preset using Sl. playing the
appropriate note. and then adjusting the
preset for a stationary display.

OFF-TUNE

If the reference oscillator is well off-tune.
either all the l.e.d.s will appear to light up
continuously. or there will be some minor
and rather random flashing of the l.ed.s.
For those with a good sense of pitch it might
be quicker to use the audio output when
getting the oscillator roughly in tune. and to
then use the display for the fine tuning.

The input signal will not be a perfectly
symmetrical waveform. In fact guitars
produce some very odd waveforms during
the course of each note. This means that
the display might not always give perfect
results with four l.e.d.s turned on and four
switched off. However. guitar tuners that
use led. displays are very tolerant of
unusual input waveforms. and the display
should give a perfectly clear indication
while the input signal is strong enough.

If the display invariably gives unusual
results. such as having two sets of two
l.e.d.s switched rather than a block of four.
this probably means that the reference
oscillator is one octave out. The unit is
usable with the reference oscillator on the
wrong octave. but the display will be
clearer if the reference is re-tuned to the
correct octave.
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The completed
Guitar Tuner showing the
sound transducer and “sound

switch” mounted on the side panel.

The p.c.b. must be positioned to one side to allow space for SK1, 83 and S17.
(Below) The p.c.b. is mounted behind the aluminium front panel on spacers so that
the l.e.d.s just protrude through the display holes.
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Mike Tooley, BA

with a comprehensive and up-to-date introduction to

the world of electronics. It also represents another
exciting new “first” as Everyday with Practical Electronics
has teamed up with Robinson Marshall and Interactive
Image Technologies to bring you the first ever educational
magazine series linked to an interactive software package;
Electronics Workbench provides you with the components
and test equipment needed to complete the practical assign-

O UR latest educational series is designed to provide you

The series has been written by a well known author and
regular contributor to Everyday with Practical Elec-
tronics. Mike Tooley also has twenty-five years of ex-
perience in the teaching of electronics. He is Dean of
Faculty at Brooklands College of Further and Higher
Education in Surrey. His Faculty is responsible for the
design and delivery of a wide range of electronics courses
leading to NVQ, GNVQ, City and Guilds, and BTEC
qualifications.

ments from the comfort of your home.

INTRODUCING THE
SERIES

Welcome to Electronics From The
Ground Up! This nine part series aims to
provide you with a thorough grounding in
electronics.and whilst it has been designed
as a stand-alone series, it will also
complement a formal course in Elec-
tronics. To this end, the series covers most
of the under-pinning knowledge required
for a study of Electronics at the following
levels:

B GCSE

8 NVQ levels 1 and 2

B GNVQ Foundation and Intermediate
awards

Our latest series also provides a means
of demonstrating practical competence
through a series of practical assignments
that students complete as they progress
through each part. These assignments
involve assembling, testing and evaluat-
ing a variety of circuits. Furthermore, the
“virtual instruments” contained within the
Electronics Workbench package provide
an excellent means of becoming familiar
with the techniques of measurement and
fault diagnosis without the need for expen-
sive laboratory equipment.

CONTENT

The series has been designed so that
each successive part builds on material
introduced in the previous parts. The prac-
tical assignments are designed to illustrate
important concepts and re-inforce topics
that may have appeared in earlier parts.

Part One provides a brief introduction
to electricity and electronics. We explain
how to use Electronics Workbench and
introduce curmrent, voltage and resistance.
The five practical assignments in Part One
should help to familiarize you with the tech:
niques for constructing simple circuits and
making measurements.

Part Two deals with d.c. and a.c. cir-
cuits. We will introduce capacitance and
inductance and help you to investigate the
behaviour of circuits containing combina-
tions of capacitance, inductance and resis-
tance. We also explain how to use the
oscilloscope provided in the Electronics
Workbench package.
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Semiconductor diodes are introduced in
Part Three. We investigate the behaviour
of halfwave and fullwave rectifiers and
develop these into complete power supply
circuits incorporating smoothing and volt-
age regulation. Part Four is devoted to
transistors. We explain transistor action
and investigate simple amplifier circuits.
We also show how transistors can be used
in switching circuits.

Operational amplifiers are explained in
Part Five. We look at a variety of circuit
applications for operational amplifiers and
design circuits to provide specific amounts
of gain as well as a defined frequency
response. We also investigate the use of
operational amplifiers as comparators.

Osdillators are described in Part Six. We in-
vestigate the behaviour of a variety of osdil-
lator circuits including sinusoidal, pulse and
square-wave types. Part Seven is devoted to
logic and digital circuits. We explain the basic
logic functions and introduce truth tables and
Boolean algebra. Digital circuits also feature
in Part Eight. Here we introduce bistable ele-
ments, counters and shift registers.

Finally, Part Nine provides an opportunity
to reflect on the previous eight parts. We ex-
plain how to use Electronics Workbench to
simulate fault conditions and describe basic
faultfinding techniques. An overview of the
series topics is given in Table 1.1.

INTRODUCING
ELECTRONICS

WORKBENCH

Electronics Workbench (EWB) is a
remarkable new software package that
allows you to build and test a wide range of
analogue and digital circuits. It is ideal for
designing and verifying circuits before you
reach for the soldering iron or breadboard.
The software also makes an ideal learning
aid — you can plug and play to your heart's
content without ever having to sacrifice a
single component.

If your circuit doesn't work first time,
you can adjust the connections and com:-
ponent values until it does ~ without even
having to make or break a soldered joint. If
you don’t happen to have a logic analyser,
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1. Introduction

Ohm's Law, current, voltage and resistance. Resistors in series
and parallel. Voltage and current dividers. Power and energy.

2. D.C. and A.C. Circuits

Capacitance. Capacitors in series and parallel. Charge and
energy. Inductance. Inductors in series and parallel. Induced
em.f. CR and L-R circuits. Waveforms. A.C. theory. Voltage and
current in CR and L-R circuits. L-C-R circuits. Resonance.

3. Diodes, Rectifiers and Power Supplies

Diode types and characteristics. Zener diodes. Rectification.
Transformers. Halfwave and fullwave rectifiers. Smoothing.
Regulators.

4. Transistors: Switches and Amplifiers

Transistor types and characteristics. Current gain. Transistors as
saturated switches. Transistors as amplifiers. Common-emitter,
common-base and common-collector connections. Single-stage

amplifiers. Bias circuits. Gain and temperature stabilization. Two-
stage amplifiers. Interstage coupling.

5. Operational Amplifiers
Operational amplifier types and characteristics. Ideal properties

TABLE 1.1 SERIES OVERVIEW

of operational amplifiers. Inverting, non-inverting and differential

amplifiers. Gain setting. Tailoring the frequency response. Opera-
tional amplifier filters. Comparators.

6. Oscillators

Basic concepts. Sinusoidal, pulse and square-wave oscillators.
Tuned L-C oscillators. Wien oscillator. Phase-shift (ladder and
twin-T) oscillators.

7. Logic

Differences between analogue and digital circuits. Digital signals.
Logic levels. Introducing the digital test equipment: word gener-
ator and logic analyzer. Logic functions: AND, OR, XOR, NAND,
NOR, NOT. Truth tables. Boolean algebra. Logic conversion.
Minimization. De Morgan's Theorem. Seven-segment displays.

8. Sequential Logic

Clocks. Bistables: R-S, D-type and JK flip-flops. Counters and
shift registers.

9. Putting it all together

Combining digital and analogue circuits. Using Electronics
Workbench to simulate fault conditions. Basic fault finding
techniques. Voltage measurements. Signal tracing. Analogue
fault-finding. Digital fault-finding.

oscilloscope, function generator or digital
voltmeter handy, don't worry, EWB has
them all built in and ready for use at the
touch of a key. Furthermore, the displays
provided by the on-screen instruments are
similar to those that you would get on real
equipment.

Electronics Workbench simulates the
work area in a real electronics lab. The
large central work space works like a
breadboard, the parts bin runs along the
righthand side, and the test instruments
are stored in a shelf along the top. You
build and test circuits entirely on the
workbench using the mouse and menus.
Everything you need, including a virtually
limitless supply of reusable components of
every conceivable type, is readily at hand.

There are two program modules, one for
analogue circuits and one for digital. The
modules are separate but similar and once
you've become accustomed to one, you
will quickly feel at home using the other.

Electronics Workbench is based on
industry-standard SPICE (Simulation Pro-

gram with Integrated Circuit Emphasis)
models for components such as resistors,
capacitors, inductors, diodes and transis-
tors. You have complete control over the
value of all parts in a circuit, as well
as overall parameters of the models.
Parameters are very easily changed and
you can develop component models to suit
your own individual requirements.

Unlike some simulation packages, the
EWB package uses circuit diagrams rather
than abstract netlists - the circuit diagrams
look just the same as those you're already
familiar with. With some other electronics
simulators, you may have to type long lists
of circuit nodes as text files. This is both
tedious and error prone.

Menus and mouse usage conform
emerging Gal standards (Ga, pronounced

‘gooey,” means “graphic user interface”).
The simulated instruments add realism. At
your disposal in the analogue version are a
digital multimeter, a function generator, and
an osdilloscope. For digital dircuits you have a
voltmeter and a digital word generator.

you have actually achieved.

and haphazard study.

preceding text.

How to get the best out of the series

The following hints and tips should help you to get the best out of the series:

B When it comes to leaming style, there is simply no hard-and-fast rule that can apply
to everyone. A regular pattern of learning is, however, most effective. Whether this
amounts to thirty minutes a day or three hours at the weekend is purely a matter of
personal inclination. It is more important to set a target for the amount of material that
you will cover within the time available. Then review this on a regular basis to see what

B Try to set aside a regular time for study and ensure that this is uninterrupted. Thirty
minutes of highly focussed activity can be worth more than a whole day of spasmodic

H Read around the the subject. Visit your local library (or the library in your school or
college) and refer to several books rather than just one. Several different explanations
of a particular concept will nearly always help to improve your understanding.

H Always make sure that you have read the text before attempting to carry out the
assignment that relates to it. If you have problems with the assignment, re-read the

H Finally, don't give up if you encounter a topic or concept that you don't understand or
haven't met before. Inevitably there will be concepts that you might have to take “on
trust”. After all, you can't see an electron but you witness the effect of a stream of
them whenever you sit in front of a TV screen!

Everyday with Practical Electronics, October, 1994

THE FULL PACKAGE

The full Electronics Workbench comes
with a range of support materials, “ondine”

" help, and a greatly expanded range of com-

There is an excellent User's Guide
which indudes tutorials, a reference section
and troubleshooting information. A Quick
Reference Card is also supplied. You can use
this to get started, or simply keep it by your

disk) give you a quick overview of the software
package and show you how to build and
test circuits. Sample circuits (also supplied
on the disk) indude approximately 80 typi-
cal analogue and digital drcuits. You can
examine, test and modify them or use them
as building blocks for your own circuits.

Tutorials are included within the User's
Guide. These are invaluable for those who
may be unfamiliar with a graphical user in-
terface or who may have had litde or no
experience of building and testing electronic
circuits. For registered users, there is the
User Support “helpline”. A Bulletin Board
Service (BBS) is also available to provide the
latest product information. Users can leave
questions for answer via the BBS and cir-
cuits may be down or up-loaded for sharing
with other users.

Ordering information for the full package
isgivenattheendofthlsartide

START-UP OPTIONS
When you start EWB you have a num-
ber of options available apart from select-
ing either the analogue or the digital en-
vironment. If your computer has at least
two megabytes. of RAM, you can make the
most of the extra memory by running the
software in “protected” mode. Note, how-
ever, that it may run slowly in protected
mode if your computer's extra memory is
in the form of an expansion card. If so, you
may prefer to force EWB to use real mode.
Another start-up’ option allows you to
specify which set of schematic symbols
(either ANSI or DIN) to use with the
package. This then becomes the default
symbol set, used whenever you start EWB.
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Fig. 1.1. A typical Electronics Workbench display.

POINT AND SHOOT...

EWB has a first class context-sensitive
help system which, like most of today's GUI
software packages, can be accessed using
pull-down menus and windows. Even more
useful, however, is the ability to move the
mouse pointer over a component, click
the left button (the selected component
turns red), press F1 and, hey presto, a
window will appear telling you about the
component. As with the main help system,
further options can be selected by simply
clicking on the highlighted keywords. This
simple yet elegant help system makes the
software a joy to use and is perfect for the
newcomer to electronics.

Having found out about the component,
you might want to alter its parameters. You
do this by double clicking the left mouse
button. When you do this, a small win-
dow appears which allows you to set com-
ponent values, voltages, frequencies, etc,
as appropriate to the item concerned.

A wide choice of printing facilities is
offered in the full version. You can print the
current display (exactly as it appears on
your computer’s screen) or print out circuit
descriptions, component lists, parameters
associated with the component models,
circuit diagrams, and test equipment dis-
plays. You can also convert your display
into a PCX file for loading into one of
many popular paint, graphics, CAD or DTP
packages.

Electronics Workbench is copy protected
and must be uninstalled if you wish to move
the software to a different platform. However,
if you want to use it at two different locations
(for example, at work and at home), you
need not delete all the files when uninstall-
ing, just the authorization code.

SYSTEM

REQUIREMENTS

To install and run EWB, you will require
an IBM PCAT, PS/2, or compatible with a
286 or higher processor. The PC should
have a hard disk, at least IMB of RAM and
a Microsoft compatible pointing device
(e.g., a mouse). You will require EGA or
VGA graphics and DOS 3.3 or later. The
software will make use of a maths co-
processor, where available.
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The full version needs a minimum of
4MB of hard disk space (more if you are
using the MS-DOS 6.x double-space utility).
You will also require a minimum of 550K
RAM to run the program and you may
have to modify your configuration files
(CONFIG.SYS and/or AUTOEXEC.BAT) to
release more base memory. Most good
books and manuals on using DOS will tell
you how to do this.

INSTALLING THE
SOFTWARE

In order to get you off to a quick start
(and to allow you to evaluate the package),
Robinson Marshall and Interactive Image
Technologies have kindly agreed to make
a cut-down version of their software avail-
able to readers, this is contained on the
disk presented FREE with this issue. This
version is fully functional but only contains
a sub-set of the features of the full package.
In particular, the number and variety of
components has been limited to just those
devices needed to support the first two
parts of our series. For a minimal outlay
readers can upgrade the package to cover
the whole series — see the order form at the
end of this article.

To install the software, you should start
up your system from DOS (not Windows),
insert the distribution disk in the A: drive
and type:
asinstall

followed by <ENTER>. Then follow the
directions on the display. Electronics
Workbench will be placed in a directory
called ELECT in the root directory of drive
C: (unless you specify a different drive or
directory).

When you install the program, you will be
asked to specify either ANSI or DIN sym:
bols. We recommend that you select the
ANSI symbols.

To start Electronics Workbench you
should move to the directory in which the
program has been installed and then type:

elect
followed by the <ENTER > key.

As an example, let's assume that you
have installed Electronics Workbench in a

directory called ELECT on drive C:. You
can start the program by typing:

c:<ENTER>
cd elect <ENTER >
elect

FINDING THE RIGHT

PATH...

If you want to run EWB from anywhere
in your system, you should specify its di-
rectory path in your AUTOEXEC.BAT file.
You can do this by using the DOS PATH
command. For example, to direct DOS to
look for EWB in the ELECT directory on
drive C:, add the following statement to
your AUTOEXEC.BAT file:

path c:\ elect

If your AUTOEXEC.BAT file already has
a PATH statement, you can simply
add the appropriate directory, editing
AUTOEXEC.BAT from a text editor or
word processor operating in ASCIl mode.
Simply add a semicolon (;) to the end of the
PATH statement and then type the
directory after it, as shown in the following
example:

Unmodified path statement:
path c:\ ;c:\ dos;c:\ util
Modified path statement:
path c:\ ;c:\ dos;c:\ util;c:\ elect

SCREEN LAYOUT

When you first load Electronics from the
Ground Up you will be presented with a
screen which contains the following items:

B Menu Bar (running along the top of the
screen and starting from the top left-
hand corner). The Menu Bar contains
three drop-down menus accessed by
pointing and clicking the mouse. These
menus are entitled; Assignment, Circuit
and Help.

B A window containing a brief descrip-
tion of the currently loaded assignment.
If you need more workspace you can
close this window by clicking on the
“close window" icon in the top left hand
corner of the “Description” window.

B The on/off Rocker Switch positioned in
the top right-hand corner of the screen.
This switch is operated to activate your
circuit.

B The Parts Area. This is a storage area
for the parts that you use to assemble
your circuits. The parts area also con-
tains power sources, voltmeters, am:
meters, and other test instruments.

B The Breadboard Area (or “work space™).
This forms the major part of the screen
and it comprises an area in which you
construct your circuits. The work space
is, in fact, larger than the displayed area
on your screen and you can scroll left
and right or up and down by activating
the relevant scroll bars with your mouse.

Note that the full version of Electronics
Workbench has numerous refinements
and added facilities including a Parts Bin
and Test Instrument “Shelf”". A typical EWB
display, complete with a circuit and “virtual
test instrument” is shown in Fig. 1.1.

BUILDING AND
TESTING CIRCUITS

One of the most important features of
EWB is the ease by which circuits can be
assembled on the breadboard. There are
several stages to this process:

1. Selecting the required components from
the parts bin
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2.Placing the components within the
breadboard area

3. Changing component values {from their
default values to those that are required
by the circuit under investigation). This
facility is only available in the full EWB
package

4.Making connections between com-
ponents

5. Placing test instruments (as required)

6. Refining the layout (i.e., moving the com-
ponents and test instruments so that
the symbols, component legends, and
wiring all fit neatly and logically within
the breadboard area)

7. Testing, refining and evaluating your
circuit.

THE PARTS AREA

The parts area is your source of com-
ponents. Unlike a real parts bin, you can
use components over and over again. Fur-
thermore in the full package, when you
have selected a particular component type
you can allocate a value to it - you are not
restricted to the particular values that just
happen to be available at the time. If you
choose a value but decide that you need to
change it, you don't have to go back to the
parts bin!

In the evaluation package, the parts bin
does not appear as a separate entity.
Instead, the parts you need are preloaded
into the breadboard area for each in-
dividual practical assignment. The com-
ponents provided are sufficient for you to
get familiar with using EWB and they will
allow you to carry out all of the practical
assignments.

SELECTING AND
PLACING
COMPONENTS

Selecting and placing components
couldnt be easier once you've got the
hang of it. Changing component values is
also very straightforward.

It may take you a little while to become
familiar with the techniques for laying out
your circuits neatly. This doesn't matter too
much at first but as your circuits get more
complex it becomes increasingly important
to ensure that your layout is clear and
logical. This can avoid all sorts of problems
associated with what is rather aptly des-
cribed as “rat’s nest” construction!

To select a component (prior to placing
it) you simply need to move the mouse
pointer over it. As you do this the mouse
pointer arrow will change to a pointing
finger. When this happens, simply press the
left mouse button and drag the symbol of
the component within the breadboard area.

You can “drop” the component at any
point within the breadboard area by releas-
ing the left mouse button. The component
will remain fixed at the point that you
released the mouse button but will have
turned red, indicating that it is “selected”.
The component will remain selected until
you next click the left mouse button.

Having placed a component, the follow-
ing operations can be performed when the
component is in its selected (red) state:

B Pressing <CTRL> <R> (i.e, first press
and hold down the "Control” key and
then press the “R” key) will rotate the
selected component symbol through 90
degrees

B Pressing the left, right, up or down ar-
row keys will produce a corresponding
movement in the position of all of the
currently selected components.

MAKING
CONNECTIONS TO
COMPONENTS

Each of the components has two or
more connecting points. These points
(or terminals) comprise short wires that
protrude from the component’s symbol.

When a component has been dragged
into position, you can attach connect-
ing wires to the terminals by selecting a
terminal with the mouse (the terminal
will become highlighted), pressing the left
mouse button and dragging the mouse. As
you do this, a connecting wire will be drawn
in the breadboard area.

LINKING
COMPONENTS

In order to link two components together,
you should drag the end of the connecting
wire and locate it with the appropriate ter-
minal of another component. However, if
you leave the wire unconnected (i.e., you fail
to locate the wire with a terminal point on
another component or a fourway connec-
tor) the connection will not be drawn (an
unconnected wire will not serve any useful
purpose and thus it will not be treated as
valid).

DISCONNECTIONS

If you wish to disconnect a wire, you need
only point to the terminal in question, drag
the wire away, and leave it unconnected.
It will automatically be erased from the
screen.

MULTIPLE
CONNECTIONS

Simple circuits can be wired using
simple wire connections that link one
component to the next. More complex
circuits may require multiple connections
to a single component and EWB provides
you with a junction connector to help in this
task. The junction connector looks like a
small round blob in the parts bin. You can
use it to join together up to four wires (think
of it as a terminal post with several wires
clamped to it).

HELP

Remember that you can press F1 for
help at any time or select from the “Help”
dropdown menu. You can then simply
point and click on the blue highlighted help
topics for detailed information.

ELECTRONICS
FUNDAMENTALS

Current, Voltage and Resistance

Electrical current is the name giveh to
the flow of negative charge carriers called
electrons. Electrons orbit around the
nucleus of an atom just as the earth orbits
around the sun (see Fig. 1.2). Electrons are
held in their orbital paths by their attraction
to the positive nucleus, which con-
tains the positive charge carriers called
protons. Since like charges repel and
unlike charges attract, negatively charged
electrons are attracted to the positive
nucleus. This same principle can be
demonstrated by observing the attraction
between two permanent magnets; the two
north poles of the magnets will repel each
other, while a north and south pole will
attract. In the same way, the unlike charges
of the negative electron and the positive
proton attract one another.
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Nucleus
(2 protons)

‘«———— Electron orbit

Fig. 1.2. An atom of belium showing
electrons in orbit around the nucleus.

The ability of an energy source (e.g. a
battery) to produce a current within a con-
ductor is a measure of its electromotive
force (e.mf). Whenever an emf. is ap-
plied to a circuit a potential difference (p.d)
exists. Both em.f. and p.d. are measured in
volts (V). In many practical circuits there
is only one e.m.f. present (the battery or
supply) however a p.d. will be developed
across each component in the circuit.

The conventional flow of current in a
circuit is from the point of more positive
potential to the point of greatest negative
potential (note that electron movement is
in the opposite direction!). Direct currents
result from the application of a direct e.m.f.
(derived from batteries or d.c. supply rails).
An essential characteristic of such supplies
is that the applied e.m.f. does not change
its polarity {(even though its value may be
subject to some fluctuation).

Fig. 1.3 shows a simple electric circuit
in which a single source of em.f. (the bat-
tery) produces a current which flows in a
resistor. The conventional flow of current is
from the positive battery terminal through
the connecting wire and the resistor, end
ing at the negative terminal of the battery.

+
| — Current R
| F flow

Fig. 1.3. A simple electric circuit.

Fig. 1.4. Circuit for assignment 1.1
Practical assignment 1.1:
Finding your way around

In this first assignment, you will build a
simple circuit with just two components; a
battery and a resistor (as shown in Fig. 1.4).

Objectives:

1.1.1 To introduce students to the tech-
niques used for selecting and placing
components
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1.1.2 To introduce students to the techniques for changing com-
ponent values

1.1.3 To introduce students to the techniques for wiring and laying
out circuits

1.14To introduce students to the use of a voltmeter and
ammeter,

Instructions:

1. Selecting and placing the components

Start Electronics Workbench in the normal way by typing
ELECT at the DOS prompt. The assignment will start automati-
cally. View the parts that appear preloaded in the breadboard
window and use the mouse to select the battery symbol. Drag the
battery and place it slightly to the left of the centre of the
breadboard area. When you have placed the battery, return to the
parts area and select a resistor. Drag the resistor and place it
slightly to the right of the centre of the breadboard area. Whilst the
resistor is selected, press < CTRL> <R> to rotate it through 90°.

2. Moving the components

Point to the centre of the battery symbol using the mouse
pointer. The battery symbol should tum red and should move as
you move the mouse pointer within the breadboard area. Use this
technique to increase the spacing between the battery and the
resistor, at the same time keeping them aligned in the horizontal
plane.

3. Changing component values

NB: This facility is only available if you are using the full Elec-
tronics Workbench package.

Once again point to the centre of the battery symbol. This time,
click the left button on the mouse. A dialogue box will appear on
the screen. The default battery voltage (12V) will appear within a
text window in this box. Use the keyboard to edit the text and
reduce the battery voltage to 5V (see Fig. 1.5).

Now point and click on the resistor symbol. A dialogue box will
again appear. This time, change the default value of 122 to give a
value of 5kQ2. To do this, enter "5" in the left-hand text box and use
the scroll arrows in the right-hand box to select "kQ2".

4. Connecting the components

Move the mouse pointer so that it points to the positive terminal
of the battery. When you have located this “hot spot”, the terminal
will become highlighted. When this happens, press and hold down
the left button of the mouse and drag out a connecting wire. Move
this wire (keeping the left mouse button held down) and locate it
with the upper terminal of the battery.

Once again, the “hot spot” on the battery terminal should be-
come highlighted. When this occurs, release the left mouse button.
Electronics Workbench will re-draw the connection between the
battery positive terminal and the resistor using neat right angles at
each end. Using a similar technique, link together the negative

Fig. 1.5. Dialogue box to set the battery voltage.

EkN sV 3
|

Fig. 1.7. Circuit for assignment
1.1 with a voltmeter added.

Y 3

Fig. 1.6. Part completed
circuit for assignment 1.1.
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Table 1.2 Electrical units and symbols
Unit Abbrev. | Symbol
Ampere A 1

Notes

Unit of electric current (a cur-
rent of 1A flows in a conduc-
tor when a charge of 1C is
transported in a time interval
of 1s).

Unit of electric charge or
quantity of electricity.

Unit of capacitance (a
capacitor has a capacitance
of 1F when a charge of 1C
results in a potential dif
ference of 1V across its
plates).

Unit of inductance (an in-
ductor has an inductance of
1H when an applied current
changing uniformly at a rate
of 1A/s produces a potential
difference of 1V across its
terminals).

Unit of frequency (a signal
has a frequency of 1Hz if one
complete cycle occurs in a
time interval of 1s).

Unit of energy.

Unit of resistance.

Unit of time.

Unit of conductance (recipro-
cal of resistance).

Unit of magnetic fiux den-
sity (@ flux density of 1T is
produced when a flux of 1Wb
is present over an area of 1
square metre).

Unit of electric potential
(emf. orp.d).

Unit of power (equal to 1J of
energy consumed in a time of
1s).

Unit of magnetic flux.

Coulomb C
Farad F C

Henry H L

Hertz Hz f

Joule
Ohm
Second
Siemens

- neoo
m oOo~xom

Tesla

Volt v A
Watt w

Weber Wb ¢

terminal of the battery to the lower terminal of the resistor. When
you have completed this process your breadboard area should
look something like that shown in Fig. 1.6.

5. Adding a voltmeter

The basic circuit is complete but we can't find out what's going
on without adding some simple instruments. We will start by ad-
ding a voltmeter to the circuit in order to read the voltage drop
across the resistor. To do this, we will have to add two junction
connectors to the circuit. To make things a little easier, we will first
remove the two connecting wires.

Use the mouse pointer to select the hot spot at the top end of
the resistor. When you have located it, press the left mouse and
move the end of the connecting wire away from the resistor, Then
release the left mouse button so that the connection is removed
from the screen. Repeat this process at the lower end of the resis-
tor. This should leave the breadboard containing only the symbols
for the battery and the resistor.

Now retum to the parts area. Use the mouse to select and place
two junction connectors, one at either end of the resistor. These
should be separated from the resistor terminals but vertically
aligned with the resistor symbol. Now place connections from each
end of the resistor to its respective junction connector. Next
connect the positive terminal of the battery to the upper connector
and the negative terminal to the lower connector. In each case,
make use of the left-hand terminal (hot spot) of the connector.

Finally, select the voltmeter and drag this to the right of the
resistor. Connect the voltmeter to the right-hand terminal (hot spot)
of the connector. (Note that the negative terminal of the voltmeter
is at the slightly thicker end of the symbol). Your circuit should now
look like that shown in Fig. 1.7.

6. Testing

To test the circuit you must operate the switch that appears on
the right-hand side of the menu bar. You can operate this switch by
clicking the mouse pointer on it. When the switch is operated, the
circuit will become ‘live’ and the voltmeter should indicate the
voltage drop that appears across the resistor. The meter should
read '5V” (if it doesn't you should check carefully that your circuit
conforms to that shown in Fig. 1.7).
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ELECTRICAL UNITS

AND SYMBOLS

The units and symbols shown in Table
1.2 are commonly encountered in electri-
cal circuits:

Example

In a time interval of 10s, a charge of 5C
moves past a point in a circuit What cur-
rent (in A) is flowing?

In this example the charge is expressed
in Coulombs (C) and the time is in seconds
(s). Table 2 tells us that a current of 1A
flows in a conductor when a charge of 1Cis
transported in a time interval of 1s. Hence,
if 5C move past a point in 10s, the current
will be equivalent to 5C/10s or 0-5A.

MULTIPLES AND
SUB-MULTIPLES

Unfortunately, many of the derived units
are somewhat cumbersome for everyday
use. We can make life a little easier by
making use of a standard range of mul-
tiples and sub-multiples (see Table 1.3).

Table 1.3 Multiples and sub-multiples

Prefix Abbrev. Multiplier

tera T 1000000000000

giga G 1000000000

mega M 1000000

kilo k 1000

(none) (none) | 1

deci d 01

centi c 0.01

milli m 0.001

micro m 0.000001

nano n 0.000000001

pico p 0.000000000001
Example

An amplifier requires an input signal of
0-25V. Express this in mV.

We can express the voltage in mV (rather
than V) by simply moving the decimal point
three places to the right. Hence 0-25V is
the same as 250mV (note that we have in-
troduced a trailing zero).

Example

A light emitting diode requires a supply
current of 15mA. Express thisin A.

We can express the current in A (rather
than in mA) by simply moving the decimal
point three places to the left. Hence 15mA
is the same as 0-015A (note that we
have introduced zeros before and after the
decimal point).

Example

An oscillator produces an output at
425IkcHz. Express this frequency in MHz.

To express the frequency in MHz rather
than kHz we need to move the decimal
point three places to the left. Hence
425kHz is equivalent to 0-425MHz (note,
once again, that we have introduced a
leading zero).

EXPONENT NOTATION
Exponent notation is frequently used in
order to simplify the manipulation of very
large or very small quantities. Any number
may be expressed in exponent form by
separating it into two parts comprising a
number (often in the range 1 to 10) and a
multiplier consisting of ten raised to an
appropriate power. Here’s how it works:
Consider the number 3765. This can be
expressed as 3.765 x 1000. Now 1000 is

Table 1.4 Exponent notation
Quantity Exponent
1,000,000 1 x 106
100,000 1x 10%
10,000 1 x 104
1,000 1 x 103
100 1 x 102
10 1 x 10!
1 1 x 100
1/10(=0.1) 1 x 10!
1/100(=0.01) 1 x 10-2
1/1,000 (= 0.001) 1x10-3
1/10,000 (=0.0001) 1x 10-4
1/100,000 (= 0.00001) 1 x 10-3
1/1,000,000 (= 0.000001) { 1 x 10-¢

the same as 103 (i.e. ten multiplied by it-
self three times, or 10 x 10 x 10). Hence
3765 = 3.765 x 103. Note that the ex-
ponent is 3 (or more strictly + 3).

Now consider the number 0.00245. This
is the same as 2.45/1000. Now 1/1000 is
the same as 10-3 (i.e. one divided by ten
multiplied by itself three times, or 1/(10 x
10 x 10)). Hence 0.00245 = 0.00245 x
10-3. Here the exponent is — 3.

‘Table 1.4 shows the exponent notation for
some common quantities in decade steps.

Example

A current of 0.07A flows in a resistance
of 390,0000. Express both quantities in
their exponent forms.

The current is expressed in exponent form
as follows:

7
= = -2
0.07A 100 A=7x 10-2A

The resistance is expressed in exponent
form as follows:

390,000Q = 3.9 x 100,000Q
=39 x 105Q

MULTIPLYING AND
DIVIDING USING

EXPONENTS

Exponents really become useful when
you have to perform calculations based on
very large or very small numbers. Two rules
are worth knowing:

(a) Multiplication using exponents

When multiplying two values which are
expressed using exponents, it is simply
necessary to add the exponents. As an
example:

(2x 102)x (3 x 106)=(2 x 3) x 10@+6)

expressed using exponents, it is simply
necessary to subtract the exponents. As an
example:

(4 x 106) = (2 x 104) = 4/2 x 106-9)
=2 x 102

Note that, in either case it is essential
to take care to express the units, mul-
tiples and sub-multiples in which you are
working.

OHM’S LAW

For any conductor, the current flowing is
directly proportional to the e.m.f. applied.
The current flowing will also be dependent
on the physical dimensions (length and
cross-sectional area) and material of which
the conductor is composed.

The amount of current that will flow in a
conductor when a given e.m.f. is applied
is inversely proportional to its resistance.
Resistance, therefore, may be thought of as
an opposition to current flow; the higher
the resistance the lower the current that
will flow (assuming that the applied e.m/f.
remains constant).

Provided that temperature does not vary,
the ratio of potential difference (or voltage
drop) across the ends of a conductor to the
current flowing in the conductor is a con-
stant. This relationship is known as Ohm’s
law and this leads us to the conclusion that:

V/l = aconstant = R

where V is the p.d. in volts (V), | is the cur-
rent in amps (A), and R is the resistance in
ohms () (see Fig. 1.8).

The formula may be arranged to make
V, | or R the subject, as follows:

V=IxR |I=V/R and R=VIA

The triangle shown in Fig. 1.9 should
help you to remember these three impor-
tant relationships. It is important to note
that, when performing calculations of cur-
rents, voltages and resistances it is seldom
necessary to work with an accuracy of bet-
ter than % 1% simply because component
tolerances are invariably somewhat greater
than this. Furthermore, in calculations in-
volving Ohm's Law, it is sometimes con-
venient to work in units of k2 and mA (or
MQ and pA) in which case potential dif-
ferences will be expressed directly in V.

Example

A 120 resistor is connected to a 6V bat-
tery. What current will flow in the resis-
tor?

=6x 108 Here we must use | = V/R
(b) Dividing using exponents (whereV = 6VandR = 120):
When dividing two values which are | = V/R = 6V/12Q = 0.5A (or 500mA)
Current, |
P—— e e - -
+
=L ¢
Electromotive
Resistance, R Potential
Force, € Difference, V
T | | R
difm— = = - = =
Current, |

simple electric circuit.

Fig. 1.8. Voltage, current and resistance in a

Fig. 1.9. The Obm’s Law
triangle.
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Hence a current of 500mA will flow in the
resistor.

Example

A current of 100mA flows in a 56Q
resistor. What voltage drop (p.d.) will be
developed across the resistor?

Here we must useV = | x R and ensure
that we work in units of volts (V), amps (A),
and ohms (£2).

V=1xR=01A x 56Q = 5.6V

{Note that 100mA is the same as 0.1A)
Hence a p.d. of 5.6V will be developed
across the resistor.

Example

A voltage drop of 15V appears across a
resistor in which a current of ImA flows.
What is the value of the resistance?

R = V/l = 15V/0.001A
= 1500002 = 15k

Note that it is often more convenient
to work in units of mA and V which will
produce an answer directly in k€2, i.e.,

R = V/l = I15V/ImA = 15kQ2

INTERNAL
RESISTANCE

In most electronic circuits, resistances
are clearly marked as individual (discrete)
components. In some cases, however,
resistances are present that are not
marked ‘on a circuit diagram. This is
particularly true in the case of measuring
instruments. For example, the voltmeter
used in assignment 1.1 has a resistance. Its
resistance is so large (in comparison with
the circuit to which it is connected) that we
can usually ignore it. In some cases,
however, the resistance of the meter can
become significant, as we shall see in the
next assignment. Fig. 1.10 shows how we
can represent the internal resistance of a
meter as a component for inclusion in a
circuit diagram.

Practical assignment 1,2:

Ohm'’s Law

This assignment will give you some prac-
tice in making measurements and plot-
ting graphs. You will also confirm Ohm's

Fig. 1.10. Representing the internal resis-
tance of a meter.

Fig. 1.11. Circuit for assignment 1.2.

Law and be introduced to the effects of
voltmeter internal resistance when making
measurements. This practical assignment
can be completed in about one hour.

Objectives:

1.2.1 To investigate Ohm’s Law in a simple
d.c. circuit

122 To demonstrate the effects of the

intemal resistance of measuring
instruments

Instructions:

Load Electronics Workbench and then
click on assignment 1.2 from the Assign-
ment drop-down menu.

1. Connect the circuit shown in Fig. 1.11.
Note that the ammeter is connected in
series with the resistor.

2. Select a 1V battery “I1V' and a
resistance value of “100Q". Switch

Table 1.5. Measured values for
assignment 1.2

Current supplied (mA)
Supply
voltage

R=1092| R=209 |R= 5Q

0 0 0 0

1 100mA| 50mA |200mA|

9

10

the circuit “on” and note down the
measured value of the current supplied
(this should be “100mA").

3. Now use values of voltage from “1V” to
“10V" in 1V steps. At each step, measure
and record the current supplied to the
102 resistor using Table 1.5.

4. Repeat steps 2 and 3 using resistance
values of “502" and “2002". Again, record
your results in Table 1.5.

: =
v 100

Fig. 1.14. Adding a voltmeter to the circuit.

Current, 1 (A)

13

-
»

-
»

-
b

-
»

Current, | (A)
4

3 4 ] s 7 s » 10
Voltage (V)

Fig. 1.12. Houw to plot the graph for assignment 1.2.
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Fig. 1.13. Results graph for assignment 1.2.
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5.Plot a graph (using a common set of
voltage and current axes) showing the
results for all three resistor values. Fig.
1.12 shows how to plot the graph whilst
Fig. 1.13 is provided for you to plot your
own values.

6.Now modify the circuit to include a
voltmeter (as shown in Fig. 1.14). Set
the resistance value once again to
“10Q" and the battery voltage to “1V™".

7. Switch “on” and check that the current
is 100mA. Confirm the Ohm's Law
relationship (V = | x R) by determining
the voltage drop across the resistor (this
should be the same as the applied
voltage, 1V):

Voltage drop = | x R = 100mA x
10Q = 0.1A x 10Q = 1V

8. Repeat step 6 with resistance values of
10k, 100k, and 1MQ. You should
find that an increasingly large error
appears as the value of resistance is
increased. Ohm's Law should still be
obeyed but the results indicate that
something is causing a larger amount
of current to flow than would be
expected.

9. Remove the voltmeter and repeat step 8.
What do you notice about the results?

Conclusions:

To what extent have the three objectives
for this assignment been met? Comment
on the shape of the graphs. What can you
say about the slope of the graph? Com-
ment on the errors that you observed when
confirming Ohm's Law. What caused these
errors? Why did the errors become more
significant with larger values of resistor?

CIRCUIT THEOREMS

A number of basic theorems help us to
understand the behaviour of electronic cir-
cuits. In the previous section we considered
a simple electric circuit in which a source
of em.f. (a battery) was connected to a
single resistor. In this circuit we showed
that:

Voltage (V) = Current () x Resistance (R)

Practical circuits can involve very large
numbers of components. Components can
be connected to other components in one
of two basic ways; series and parallel, as
shown in Fig. 1.15.

Series
connection

Parallel
connection

-

R1 R2

—AAAN—

—AAN—AN—

R1 R2 R3

Fig. 1.16. Series resistors: (a) two resistors in series (b) three resistors in series.

R1

N\

A%

R2

Fig. 1.15. Series and parallel connections.

Series and parallel combination of
resistors

Fixed resistors may be arranged in either
series or parallel combinations in order to
obtain particular values of resistance. Some
representative arrangements are shown in
Fig. 1.16 and Fig. 1.17. The effective resis-
tance of the series networks is simply the

AAN
o—/\;\z/\——o

Fig. 1.17. Parallel resistors: (a) two resistors in parallel (b) three resistors in parallel.

sum of the individual resistances. Hence, for
Fig. 1.16a:
R=R; + Rz
whilst in Fig. 1.16b:
R=R;+R+R;3

In the case of the parallel connected resis-
tors in Fig. 1.17, the reciprocal of the effec-
tive resistance of the combination is equal to
the sum of the reciprocals of the individual
resistances. Hence, in Fig. 1.17(a):

whilst in Fig. 1.17b:
1 1 1 1
- —_— —
R R TR ®
Where only two resistors are connected
in parallel (as in the case of Fig. 1.17(a)) the
formula can be re-arranged as follows:
R= R; XRp _ product of individual resistances
R;+R;  sum of individual resistances
Example
A resistance of 400k? is required. If a
180kQQ resistor is available what addi-
tional resistor should be connected in
series with it?
The total value of resistance, R, is given by:
R=R; + Rz
Hence the value of the additional resistor,
R3, can be found from:
R; = R-R; = 400kQ - 180k2 = 220kQ
Example
Two 22k resistors are connected in

parallel. What will the resistance of this
combination be? .

The parallel combination will have a resis-
tance given by:

R]sz_ZZR.QXZZk.Q

R=R TR, 22k2 + 22k
4840
= a1

From the foregoing example it is worth
noting that, whenever two resistors of iden-
tical value are wired in parallel, the resis-
tance of the combination will be equal to
half that of each individual resistor.

THE AUTORANGING

MULTIMETER

Electronics Workbench provides you
with a versatile test instrument for measur-
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ing voltage, current and resistance. You will
find the autoranging multimeter amongst
the virtual test instruments on the equip-
ment shelf at the top right-hand side of the
screen display.

You can use the multimeter to measure
a.c. or d.c. voltage or current, resistance, or
decibel loss between two points in a cir-
cuit. The multimeter is auto-ranging so you
don’t have to specify a measurement range
each time you use the instrument. The mul-
timeter display is shown in Fig. 1.18.

The multimeter function ("A”, "V", "Q",
or "dB") is selected by means of the row of
push buttons. in addition, the a.c. and d.c.
buttons (symbolically marked) select alter-
nating or direct current measurements on
the current (A) and voltage (V) ranges.

To measure current, the multimeter
must be switched to the current (“A”) range
and connected in series with the circuit.
This simply means that you must break the
circuit by open<irculting one of the
connections and then insert the meter in its
place just as you did with the ammeter.
When used as an ammeter, the meter
offers a very low resistance and thus does
not affect the current flowing at the point at
which measurement takes place.

To measure voltage, the multimeter
must be switched to the voltage ("V") range
and connected in parallel with the
component across which you are measur-
ing. You may have to introduce one or two
junction connectors in order to do this.
When used as a voltmeter, the meter offers
a very high resistance and thus it does not
divert a significant amount of current from
the circuit whilst it is connected.

Multimeter

Fig. 1.18. Electronics Workbench’s

autoranging multimeter.
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Fig. 1.19. Circuit for assignment 1.3 (measuring series resistances).

Note that Electronics Workbench allows
you to configure the behaviour of the
autoranging multimeter. In particular, you
can determine the internal resistance of the
meter. This is handy if you wish to inves.
tigate the effects of loading a circuit when
a real meter is connected to it.

Practical assignment 1.3:
Measuring resistances

This assignment will give you some prac-
tice in using the autoranging multimeter to
measure the resistance of a variety of series
and parallel circuits.

Objectives:

1.3.1To investigate series and parallel
resistor networks.

1.32To carry out resistance measure-
ments using an autoranging digital
multimeter.

Instructions:

Load Electronics Workbench and then
click on assigment 1-3 from the Assign
ment drop-down menu.

1. Connect the circuit shown in Fig. 1.19.
Set each resistor to a value of “1kQ".
You will have to drag the autoranging
multimeter from its position on the test
equipment “shelf” into the work space
area.

2. Double click on the multimeter icon to
open up its display. Drag the meter dis-
play to a clear area within the work
space. Click on the "2" and “d.c.” but-
tons (note that the d.c. button is marked
with a straight line indicating a voltage
or current that does not change with
time).

3. Switch “on™ to measure the resistance
of the circuit. The meter should indicate
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Fig. 1.20. Circuit for assgnment 1.3 (measuring parallel resistance).
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“3.000kQ" (as in Fig. 1.19). Now deter-
mine the resistance of the circuit with:

(@) Ry = 1k2, R, = 2k®, and R3 = 3k
(b) Ry = 2k, R> = 5kQ2 and R = 10kQ

In both cases, check that the effec-
tive resistance of the series combination
is equal to the sum of the individual
resistances.

4. Connect the circuit shown in Fig. 1.20.
Set each resistor to a value of “3kQ".
Set the multimeter to read “2" and
“d.c.”".

5. Measure and record the resistance of the
circuit (this should be 1kQ). Now deter-
mine the resistance of the circuit with:

(@) Ry = 1k, R2=2kQ, and R3 = 3kQ
(b) Ry =2k€2, R, =5k and R3 = 10kQ2

In both cases, check that the reciprocal
of the effective resistance of the parallel
combination is equal to the sum of the
reciprocals of the individual resistances.

Conclusions:

To what extent have the two objectives
for this assignment been met? Comment
on the use of the autoranging multimeter.
How do the controls on this instrument
compare with the controls on a conven.
tional instrument? What are the advantages
of an autoranging meter?

THE VOLTAGE
DIVIDER

A common application of resistors is that
of providing a fixed division of potential
using a voltage divider (or “potential div-
ider”) of the form shown in Fig. 1.21. The
input voltage is divided by a factor which is
determined by the values of the resistors
present. The output voltage produced by
the circuit of Fig. 1.21 is given by:

- 2
Vou = Vi x Ry + Ry
'
R1
Vin {r
R2 Vout
\d A4

Fig. 1.21. Potential divider circuit.

Where accuracy of voltage division is
important, a general rule of thumb is that
the resistance of the load (ideally infinite)
should be at least ten times greater than
the value of Ry. In order to minimize the
effects of an imperfect load, it is important
to ensure that the resistance of the circuit
to which the current divider is connected is
ten (or more) times larger than the value of
R>. Furthermore, when selecting a value for
Rz in precision applications it is wise to
choose a value which is at least 100 times
lower than the expected load resistance.

Example

An item of test equipment requires an
accurate 1V d.c. test voltage. Design
a suitable voltage divider arrangement
which can make use of an existing
regulated 5V d.c. supply rail. (Assume
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that the input resistance of the equipment
connected to the test point is greater than
100kQ2.)

The required voltage division is
1V/5V = 0.2 (or 20%).

Hence Ro/(R; + Ry) = 0.2

or Ry = 0.2(R; + Rp)
R2 =02R, + 0.2R>

Hence R;-02R; = 02R,

08R; = 0.2R,
_02R,
R: =58
Thus R2 = Ry/4
or R| & 4R2

Taking a “worst case” value for the load
of 100k, this would suggest that Rp
should be 1k and R, should be four times
this value (i.e., 4kQ). Note that the total
resistance seen at the input of the voltage
divider will be 5k (i.e., 4k + 1kQ) and it
will thus place a 1mA demand on the 5V
supply. See Fig. 1.22.

Fig. 1.22. A practical potential divider cir-
cuit (see example).

Practical assignment 1.4:
The potential divider

In this practical assignment you will carry
out measurements on a simple potential
divider.

Objectives:

1.4.1 To investigate the behaviour of a
simple potential divider circuit.

1.42To carry out voltage and current
measurements using an autoranging
multimeter.

1.4.3 To investigate the effects of loading a
potential divider circuit.

Instructions:

Select 1.4 from the Assignment drop-
down menu.

1. Assemble the circuit shown in Fig. 1.23
(with the meter connected in parallel
with Rl1). Selet “V' and “dc.” on
the multimeter’'s push buttons. Then
click the mouse on the "Settings” but-
ton. Change the settings so that the
ammeter resistance is “1Q" and the
voltmeter resistance is “10MQ". These
values are reasonably typical of a real
instrument. Now click on the "Accept”
button to return to the circuit and switch
the power “on". Note down the indica-
tion produced by the meter.

2. Now reconnect the meter so that it is in
parallel with R;. Again note down the
meter reading. Once again, note down
the meter reading.

3. Reconnect the multimeter so that it is in

Fig. 1.24. Circuit for assignment 1.4 (measuring current).

series with R, (as shown in Fig. 1.24).
Select “A” and “d.c.” on the mult
meter's push buttons and then switch
the circuit on once again again. Note
down the indication produced on the
meter.

4. You should now have values for the volt-
age drops (V1 and V2) across R, and
R, and also for the current flowing () in
the resistors. Use these values to con-
firm Ohm's Law for each resistor and
also confirm the operation of the circuit
as a potential divider.

5. Repeat steps 1 to 4, this time using
values of 10k£2 for R, and 40k<2 for Ra.

6. Finally, repeat steps 1 to 4 using values
of 100k for Ry and 400kQ for R>.

Conclusions:

To what extent have the three objectives
for this assignment been met? Comment
on the readings that you obtained with two
different sets of resistor values. Why was
there a greater error with the larger resis-
tance values? Can you suggest an applica-
tion for the potential divider circuit?

branch of a circuit to another. In this case,
the input current is divided by a factor
which is determined by the resistor values
present. The current produced by the cir-
cuit of Fig. 1.25 is given by:
Ry
low = In X 3R,

A common application of the current
divider is found in ammeters where an
appreciable proportion of the applied cur-
rent is diverted through a “shunt” resistor
(see Fig. 1.26). As an example, let's as-
sume that we wish to indicate current up to
a maximum (full-scale indication) of 1A
using a meter movement which requires
only 1mA for full-scale deflection. The dif-
ference (999mA) must be diverted by the
shunt resistor (Rg).

Example

A moving coil meter operates with a
1mA d.c. full-scale deflection current. If the
meter has a coil resistance of 10012, devise
a suitable current divider arrangement
which will provide full-scale deflection when

10mA is applied. Calculate the required
THE CURRENT value of parallel (shunt) resistor.
DIVIDER The required current division is
Resistors may also be used to divert a ImA/SmA = 0.2 (or 20%).
known proportion of the current from one Hence R/(R; +Rp) = 0.2.
1in 1A (= 1,000mA)
Shunt
R Rg
| out

Fig. 1.25. Current divider circuit.
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Fig. 1.26. A meter shunt.
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SmA

Shunt
R =25

Fig. 1.27. Practical current divider circuit.

The value of R is simply that of the
meter coil (i.e, 100Q) as shown in Fig.
1.27.

R
Nwm =02
or R; = 02(R; + 100)
R, = 0.2R, + 20
Thus R] -0.2 R] =20
0.8R; = 20
or R, =.20/8 = 25

The required value for R; can be
achieved by connecting 3.3Q2 and 1092
resistors in parallel across the terminal of
the meter. The resistors used for R; should
ideally be 2% 0.25W thick film metal glaze
resistors. Note that, in this case, Ry is the
intemal resistance of the meter — not a
discrete component!

As with the case of the voltage divider,
close tolerance (e.g., + 1%) resistors should
be used in order to obtain accurate values
of current division. Furthermore, a notable
disadvantage of simple current dividers is
that the output current (lo) will fall, when
the load connected between the output
terminals has any appreciable resistance,
thus impairing accuracy.

Where accuracy of cumrent division is im-
portart, a general rule of thumb is that the
resistance of the load (ideally zero) should be
no more than one tenth of the value of R,.

KIRCHOFF’S LAWS
Kirchhoff's Laws relate to the algebraic

sum of currents at a junction (or node)

or voltages in a network (or mesh). The

loly-ly i +lg=0

Convention:

Currents flowing towards the junction are posi-
tive (+). Currents flowing away from the junc-
tion are negative (-).

Fig. 1.28. Kirchhoff's Current Law.
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Convention:
Move clockwise around the circuit starting with
the positive terminal of the largest EMF.
Voltages acting in the same sense are positive
(+). Voltages acting in the opposite sense are
negative (-).

Fig. 1.29. Kirchhoffs Voltage Law.

term “algebraic” simply indicates that the
polarity of each current or voltage drop
must be taken into account by giving it
an appropriate sign, either positive (+) or
negative (—).

KirchhofPs Current Law states that the al-
gebraic sum of the currents present at a junc-
tion (node) in a circuit is zero (see Fig. 1.28).

Kirchhoff's Voltage Law states that the al-
gebraic sum of potential drops in a closed
network (mesh) is zero (see Fig. 1.29).

Example

The d.c. power supply in an audio system
is required to deliver the following outputs:

800maA for a power amplifier
150mA for a pre-amplifier
250mA for an FM tuner

What is the total current required from the

power supply?
We can determine the total current

required from the power supply by simply
adding together the current demands of
each of the system components (see Fig.
1.30). Thus:

= 800mA + 150mA + 250mA
= 1,200mA = 1.2A

Example

A battery charger delivers an output of
16V. If the charger is connected to a 12V
battery via a ballast resistor of 8Q. What
voltage drop will appear across the ballast
resistor and what current will flow in it?

Fig. 1.31 shows the arrangement. The
voltage dropped across the resistor can be
calculated by applying Kirchhoff's Voltage
Law:

E—VR—V =Q0orE-V = VR
thus:
VrR=16-12 = 4V

The current flowing in the resistor can be
calculated from:

| = VR/R = 4V/8Q2 = 05A = 500mA.

Practical assignment 1.5:
Using the digital multimeter

This assignment involves making current
and voltage measurements on the network
of two batteries and three resistors shown
in Fig. 1.32. These measurements will al-
low you to confirm Kirchhoff's Laws.

800mA
——p——— Power
amplifier

=124 150mA

P P
> >

250mA
—&—— FM tuner

Pre-amplifier

Fig. 1.30. Example of Kirchboffs Current
Law.

V= (16-12) = 4V

rg—>» -
I1=4/8 = 0.6A

Fig. 1.31. Example of Kirchhoffs Voltage
Law.

Fig, 1.32. Circuit for assignment 1.5.

Objectives:

1.5.1 To verify Kirchhoff's Laws.

1.5.2 To carry out voltage and current
measurements on a complex net-
work of resistors and batteries.

instructions:
Select and load assignment 1.5.

1. Connect the circuit shown in Fig. 1.32. The
corresponding Electronics Workbench
layout is shown in Fig. 1.33. Set the
batteries, E; and Ep, to “6V" and “3V"
respectively and the resistors, R) to R, to
“1200", “409", and “30Q" respectively.
(Please note that the negative terminal of
the meter is adjacent to the thicker end of
the rectangular symbol. You will have to
use the rotate fadility (using the < CTRL>
and <R> keys) to align the meters as
shown in Fig. 1.33.

2. Switch “on"'; measure and record the in-
dications on the meters using Table 1.6.

3. Verify Kirchhoffs Current Law by sub-
stituting values in the equation:

I3=1+ 1
(where I3, I> and |, are the currents flow-
ing in R3, Rz and R, respectively)
4. Verify Kirchhoff's Voltage Law by sub-
stituting values in the equations:

@E =V +V;
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Fig. 1.33. Electronics Workbench layout for Fig. 1.32.
Table 1.6 Measured values for assignment 1.5
E, E; Vi Vo V3 I I3

7] V) \Z) 1\

1
M | A | A | mA)

6 3

{where E, is 6V, V, and V3 are the volt-
age drops appearing across R) and R3
respectively)

(bEz = Vo +Vs3

(where Ej3 is 3V, V5 and V3 are the volt-
age drops appearing across Rz and R3
respectively)

Conclusions:

To what extent have the two objectives
for this assignment been met? Are
Kirchhoff's Laws obeyed? What differences
would have been noticed if (a) both of the
batteries had been connected with op-
posite polarity and (b) if just one of the
batteries had been connected with op-
posite polarity?

POWER AND ENERGY

In simple terms, energy is the capacity to
perform work whilst power is the rate at
which that work is done. In electrical cir-
cuits, energy is supplied by batteries or
generators but it may also be stored in
components such as capacitors and induc-
tors. Electrical energy is converted into
various other forms of energy by com-
ponents such as resistors (producing heat),
loudspeakers (producing sound energy),
light emitting diodes (producing light).

The unit of energy is the joule (J). Power
is the rate of use of energy and it is
measured in watts (W). A power of 1W
results from energy being used at the rate
of 1J per second. Thus:

P=E/t

where P is the power in watts (W), E is the
energy in joules (J), and t is the time in
seconds (s).

The power in a circuit is equivalent to the
product of voltage and current. Hence:

(A"

Fig. 1.34. Power, current and voltage
triangle.
P=1xV

where P is the power in watts (W), | is the
current in amps (A), and V is the voltage in
volts (V).

The formula may be arranged to make
P, [ or V the subject, as follows:

P=1xV I=PV and V=PI
The triangle shown in Fig. 1.34 should

\) | R P
R | v | v | v
R | R
L & v
| Y P IR
E | =
/PR R 12 v
VOLTS | AMPS OHMS | WATTS

Fig. 1.35. Some important electrical
formulae.
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help you to remember these relationships.

The relationship, P = | x V, may be
combined with that which results from
Ohm's law (V = | x R), to produce several
further relationships which are summarized
in Fig. 1.35.

Example

A current of 1.5A is drawn from a 3V
battery. What power is supplied?

Here we mustuse P =1 x V
(where | = 1.5A andV = 3V):

P=1xV=15Ax 3V =45W
Hence a power of 4.5W is supplied.
Example

A voltage drop of 4V appears across a
resistor of 10092. What power is dissipated
in the resistor?

Here we use P = V2/R (where V = 4V
and R = 100Q):

P = V2/R = (4V x 4V)/100Q = 0.16W

Hence the resistor dissipates a power of
0.16W {or 160mW).

Example

A current of 20mA flows in a 1k resis-
tor. What power is dissipated in the resis-
tor?

Here we use P = 12 x R but, to make life
a little easier, we will work in mA and k2 (in
which case the answer will be in mW):

P =12 x R = (20mA x 20mA) x 1kQ
400mwW

Thus a power of 400mW is dissipated by
the resistor.

PROBLEMS

These problems have been included for
you to check your understanding. You can
treat them as theoretical exercises and
solve them using appropriate formulae
then use Electronics Workbench to con-
struct the circuits and check your answers!
You will find all of the components that you
need in the file, 1.PROBS.

1. A 9V battery is connected to a 27Q
resistor. Determine the current sup-
plied by the battery and the power
dissipated in the resistor.

2. A current of 15mA flows in a resistor
when 3V is applied to it. Determine the
value of resistance.

3. A 45V battery is made up of a series
arrangement of 1.5V cells. How many
cells are required?

4. A 561 resistor is rated at 1W. What is
the maximum voltage that can be
safely applied to it?

5. Resistors of 22k and 68k are con-
nected (a) in parallel and (b) in series.
Determine the resistance of each of
these combinations.

6. A 10V nickel cadmium battery is con-
nected, via a 2212 resistor to a charger
delivering 12V. Determine the charg-
ing current.

7. Three 15kQ resistors are connected in
parallel across a 50V d.c. supply.
Determine the current taken from the
supply and the current flowing in each
resistor.

8.A potential divider consisting of a
4.7k resistor in'series with a 3.3kQ
resistor is connected across an 24V
d.c. supply. Determine the voltage
appearing across each resistor.

9. A current divider consists of 1012 resis-
tor connected in parallel with a 10002
resistor. If a current of 20mA flows in
the 100Q resistor, determine the
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current in the 109 resistor and the
total current supplied to the circuit.

10. Two 1k resistors are connected in
series across a 12V supply. A third
resistor of 1.5k is connected in paral-
lel with one of the two 1k resistors.
What current will be taken from the
supply and what voltage will be
dropped across the 1.5k(2 resistor.

Answers to these problems will be given in

next month’s instalment.

BRAIN TEASER

Each month we shall leave you with a more
complicated problem that you can solve with
the full version of Electronics Workbench.
This month's Brain Teaser involves the circuit
arrangement shown in Fig. 1.36.

Assuming that all of the resistors have the
same value (1012), determine the resistance
measured across any pair of opposite
comers (e.g., A and B in Fig. 1.36).

The solution will be given in next month's
instalment.

Fig. 1.36."Brain Teaser problem.
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“Electronics Workbench
is the best simulator to

design and verify circuits.”
Gordon MacDonald
Production Engineer Technician

Hectronics Workbench is a highly
productive bench where you design and
verify circuits in a fraction of the time.
Connections are always perfect. Wires
route themselves. And the simulated
components and test instruments work
just like the real thing,

(7o tar Cwcaer Bouten Moty | Swst vg

My —

File Edit Circuit Mindow Help

Brtr—rf.cad

|
!
1 |
| s f=—
dasdhnns =i

% A

— m— PR TE TN

Digital Module: Analyzing a logic circuit.

Q‘I—? —— 1 It's faster than building with actual
‘STI == components because you change
é I L4 connections and component values
T 1 e = —¢ | > L instantly. And since the simulated

—? P Y < v $ oo : 2 components are free, you don't need to

== - ¥ T ‘L {?} replace burnt-out parts or keep an
.‘E . - e Boa‘_"m N I extensive inventory. The result: You save
- N =D ] o precious time and money. Guaranteed!
| MODE —_NGON!TUDE P ASE
Iﬁ‘ “ s “L }\{ The standard for simplicity and power for
/‘ ﬂ ] E ;}I ; G“Eg . over six vears, Hectronics Workbench is the
, LAl o “ - most popular tool of its kind. It has gained
S~ | +5 worldwide acclaim as the ideal complement
- oF ) e SJOUr S n 1> to any test bench. Fact: Over 90% of

— 3 | A our customers recommend it to

Analog Module: Tuning an RF front end. their friends and colleagues.
o
Electronics Workbench
Workbench

Call: 44 0203 233216

Robinson Marshall (Europe) PLC

ust £1 * Nadella Building. Progress Close, Leofric Business Park, Coventry, Warwickshire Cv3 2TF
FAX: (44) 0203 233210 A “ o
For BN, Windows or Max Version. 30-day moneyback guarantee, i -~ o

VA g L W INTERACTIVE



WHETHER ELECTRONICS IS YOUR HOBBY
OR YOUR LIVELIHOOD. ..

ot

EVERYTHING YOU NEED TO
KNOW ABOUT ELECTRONICS!

st

= The essential
reference Work

o Easy-to-use format

o Clear and simple layout

® Regular Supplements

o Sturdy ring-binder

@ News of latest developments
@ Full components checklist

o Extensive data tables

o Detailed supply information

® Ready-to-transfer PCBs

o Comprehensive subject range
¢ Detailed assembly instructions

o Professionally written

If the fascinating and fast-changing world of electronics is your livelihood, your
study subject or simply your passion, the revised edition of THE MODERN
ELECTRONICS MANUAL is the reference work for you to have at your side.

The Base Manual contains information on the following
subjects:

BASIC PRINCIPLES: Symbols, components and their
characteristics, passive component circuits, power supplies,
acoustics and electroacoustics, the workshop, principles of
metrology, measuring instruments, digital electronics,
operational amplifiers, timers, physics for electronics.

CIRCUITS TO BUILD: Construction techniques, radio, telephony,
microcomputing, measuring instruments, vehicle electronics,
security, audio, power supplies, electronic music (over 25
different projects).

REPAIRS AND MAINTENANCE: Basic circuit operation for
radio, television, audio/hi-fi, telephones.

DATA: Diodes, transistors, thyristors and triacs, digital and
linear i.c.s, microprocessors.

The Manual also covers Safety, Specialist Vocabulary with
Abbreviations and Suppliers.

OVER 1,000 pages, with over 900 diagrams and photographs, A4
looseleaf format weighing over 3.5kg.

ALL-IN-ONE AND EASY-TO-USE: A sturdy ring-binder allows you
to use the Manual on your workbench. The looseleaf format also
means you can slot in the regular supplements as they arrive —so
all your information is there at a glance.

EXTENSIVE GLOSSARY: Should you come across a technical
word, phrase or abbreviation you're not familiar with —simply turn
to the glossary included in the Manual and you'll find a
comprehensive definition in plain English.
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Our 30 day money back guarantee gives you complete peace of mind. If you are not entirely happy
with the Manual. for whatever reason. simply return it to us in good condition within 30 days and we
will make a full refund of your payment - no small print and no questions asked.

(Overseas buyers do have to pay the overseas postage charge).
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Now - at last - the most comprehensive reference work ever produced at a price
you can afford, the revised edition of THE MODERN ELECTRONICS MANUAL
provides you with all the essential information you need.



Over 1,000 pages of well-organised and clearly explained information is
brought to you by an expert editorial team whose combined experience ensures
the widest coverage.

Regular supplements to this unique publication, each around 160 pages,
mean that you will always be kept abreast of the latest developments from
around the world as they occur

requests for new information. Through baby alarms - plus - many more
REGULAR SUPPLEMENTS this service you are able to let us know popular devices.

exactly what information you require in

Unlike a book or encyclopedia, the your Manual. You can also contact the Wimborne Publishing Ltd.,
Manual is a living work — editor directly in writing if you have a Allen House, East Borough,
continuously extended with new specific technical request or query Wimborne,

material. Recent or upcoming relating to the Manual. Dorset BH21 1PF

supplements include radio, Tel: 0202 881749 Fax: 0202 841692
superconductors, electric motors, ASSEMBLING I

basic electronic building blocks for
beginners which can be joined , .
together to construct elaborate There's nothing to beat the
circuits, filters, IBM PC and sa"s'acf.'”‘t °; °'eaé‘"9. your
! . . own project. From basic
ﬁgg‘aﬁ?;;b/ff p(;:(:;:\(:;lrllg(:s). principles to circuit-building,

the Manual describes clearly,
Supplements are sent to you with appropriate diagrams, Y

approximately every two months. how to assemble radios,
Each supplement contains approxi- loudspeakers, amplifiers, car
mately 160 pages - all for only £23.50 projects, measuring
+ £2.50 p&p. You can of course instruments etc.
return any supplement (within 10 The revised edition of The
days) which you feel is superfluous to Modern Electronics Manual
your needs. contains practical,
easy-to-follow instructions for
' building a wide range of
RESPONDING TO projects. It shows you how to
YOUR NEEDS make fun gadgets such as a
remote control door opener
We are able to provide you with the and a digital rev. counter for
most important and popular, up to the your car. It also tells you how
minute, articles in our supplements. to construct useful devices
Our unique system is based on readers like test gear, security and

THE MODERN ELECTRONICS MANUAL

Revised Edition of Basic Work: Now contains over 1,000 pages of information.
Regular Updates: Approximately 160-page supplements of additional information which are forwarded to
¥ou immediately on publication. These are billed separately and can be discontinued at any time.
resentation: Durable looseleaf system in large A4 format (297mm x 210mm)
Price of the Basic Work: £39.95 +£5.50 p&p (to include a recent supplement free).
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] send me THE MODERN ELECTRONICS MANUAL plus :
[ P LEASE a FREE SUPPLEMENT. | enclose payment of £45.45 i ORDER FORM . (]
. X imply complete and return the order form with
§ (£39.95 plus £5.50 postage and packing). Should | decide not to keep the Manual your payment to the following address: (]
§ I will return it to you in good condition within 30 days for a full refund of this Wimborne Publishing Ltd, Allen House, | I
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VIDEOS ON ELECTRONICS

A range of videos designed to provide instruction on electronics theory. Each video gives a sound introduction and ground-
ing in a specialised area of the subject. The tapes make leaming both easier and more enjoyable than pure textbook or
magazine study. They should prove particularly useful in schools, colleges, training departments and electronics clubs as
well as to general hobbyists and those following distance learing courses etc.

VT201 to VT206 is a basic electronics course and is designed to
be used as a complete series, if required.

VT201 54 minutes. Part one; D.C. Circuits. This video is an absolute
must for the beginner. Series circuits, parallel circuits, Ohms law, how to
use the digital multimeter and much more. Order Code VT201

VT202 62 minutes. Part two; A.C. Circuits. This is your next step in
understanding the basics of electronics. You will learn about how coils,
transformers, capacitors, etc are used in common circuits.

Order Code VT202

VT203 57 minutes. Part three; Semiconductors. Gives you an exciting
look into the world of semiconductors. With basic semiconductor theory.
Plus 15 different semiconductor devices explained. Order Code VT203

VT204 56 minutes. Part four; Power Supplies. Guides you step by step
through different sections of a power supply. Order Code VT204

VT205 57 minutes. Part five; Amplifiers. Shows you how amplifiers work
as you have never seen them before. Class A, class B, class C, op.amps.
etc. Order Code VT205

VT206 56 minutes. Part six; Oscillators. Oscillators are found in both
linear and digital circuits. Gives a good basic background in oscillator
circuits. Order Code VT206

By the time you have completed VT206 you have completed the basic
electronics course and should have a good understanding of the opera-
tion of basic circuit elements.

VCR MAINTENANCE

VT102 84 minutes: Introduction to VCR Repair. Warning, not for the
beginner. Through the use of block diagrams this video will take you
through the various circuits found in the VHS system. You will follow
the signal from the input to the audio video heads then from the
heads back to the output. Order Code VT102
VT103 35 minutes: A step-by-step easy to follow procedure for profes-
sionally cleaning the tape path and replacing many of the belts in
| most VHS VCR's. The viewer will also become familiar with the

various parts found in the tape path. Order Code VT103

Now for the digital series of six videos. This series is designed
to provide a good grounding in computer technology.

VT301 56 minutes. Digital One begins with the basics as you learn about
seven of the most common gates which are used in almost every digital
circuit, plus Binary notation. Order Code VT301

VT302 55 minutes. Digital Two will further enhance your knowledge of
digital basics. You will leamn about Octal and Hexadecimal notation
groups, flip-flops, counters, etc. Order Code VT302

VT303 56 minutes. Digital Three is your next step in obtaining a solid
understanding of the basic circuits found in todays digital design. Gets
into multiplexers, registers, display devices, etc. Order Code VT303

VT304 57 minutes. Digital Four shows you how the computer is able to
communicate with the real world. You will learn about digital to analogue
and analogue to digital converter circuits. Order Code VT304

VT305 56 minutes. Digital Five introduces you to the technology used in
many of todays memory devices. You will learn all about ROM devices
and then proceed into PROM, EPROM, EEPROM, SRAM, DRAM, and
MBM devices. Order Code VT305

VT306 56 minutes. Digital Six gives you a thorough understanding in the
basics of the central processing unit and the input‘output circuits used to
make the system work. Order Code VT306

By now you should have a good understanding of computer technology and
what makes computers work. This series is also invaluable to the computer
technician to understand the basics and thus aid troubleshooting.

RaLY VT401 61 minutes. AM. Radio Theory. The most complete video
ever produced on a.m. radio. Begins with the basics of a.m. transmission
and proceeds to the five major stages of a.m. reception. Learn how the
signal is detected, converted and reproduced. Also covers the Motorola C-
QUAM a.m. stereo system. Order Code VT401

I 1
Each video uses a mixture of animated current flow in circuits plus
text, plus cartoon instruction etc., and a very full commentary to get
the points across. The tapes are imported by us and originate from

VCR Educational Products Co, an American supplier.
(All videos are to the UK PAL standurd on VHS tapes

ORDERING: Add £1 p&p per order for UK orders. OVERSEAS ORDERS: Add £2 postage for countries in the EEC.
Overseas orders outside the EEC countries send £25.49 per tape (price less VAT) plus £3 per tape airmail postage (or

£3 per order surface mail postage). All payments in £ sterling only (send cheque or money order drawn on a UK bank.
Visa and Mastercard orders accepted - pleae give card number, card expiry date and cardholders address if different to the delivery address.
Send your order to: Direct Book Service, 33 Gravel Hill, Merley, Wimborne, Dorset BH21 1RW (Mail Order Only)

Direct Book Service is a division of Wimborne

Publishing Ltd., publishers of Everyday with Practical




New Technology

PTO-ELECTRONICS is a fast growing

area of electronics. In the next few
years it is likely that it will play an in-
creasing role in data transfer. In addition
to this there will be many new uses which
will be found as the technology develops
and improves.

Lasers

Lasers are being used increasingly. One
of their major uses is in domestic CD
players where many millions are in every-
day use around the world. Apart from this
application they find uses in many other
areas. One of these is for optical com-
munications enabling data to be sent at
high speeds over fibre optical links.

One of the limitations encountered in
this area is that the unmodulated laser
signal has a finite bandwidth. Existing
narrow-band lasers have a bandwidth of
about 10MHz and this limits the rate at
which data can be sent.

To overcome this problem and increase
the rates of data transmission, Hitachi have
developed a new laser diode which has an
unmodulated signal bandwidth of just a
few kilo-Hertz. Using this diode it is ex-
pected that data rates of up 1o 200Gbits/sec
will be achieved.

The secret to the new device lies in its
structure. The basic diode is built on a
substrate of InP. On top of this Hitachi
have fabricated a stack of InGaAsP layers
in a strained layer multiple quantum well
structure — see Fig. |. This enables the
diode to emit 55mW of infra-red radiation
ata wavelength of 1-55um.

Normally the narrow-band lasers have
a set of laser diodes with a diffraction
grating etched onto the structure. Using
the interference pattern generated only al-
lows through a narrow band of radiation.

To achieve the very narrow bands,
Hitachi have modified this basic design.
They have altered the pitch of the grating
to be slightly shorter at either end. In this
way a 4kHz bandwidth can be achieved.

With the requirements for ever faster
methods of transmitting data, optical
forms of data transmission will be used
increasingly in the years ahead. This new
development is likely to be of great

lan Poole investigates developments in the
opto-electronics field and reports on the latest
research into organic electronics.

importance, especially as the devices
become more widely available.

Using the new laser diodes it will be
possible to increase the speed at which
data is transmitted. Work is also progress-
ing on methods of increasing the speed of
reception as this is equally important.

In one new development being under-
taken at the University of Minnesota a
new diode is being developed which
should be capable of operating at
frequencies up to 100GHz. This is a
marked improvemént over any other
devices which are currently available.

The key to this new development is the
miniaturisation of the structure within the
diode. To manufacture the diodes a new
electron lithography machine has been
developed and this is capable of produc-
ing line widths of only 0-0lpm.

Unlike many other high speed photo-
detectors which use gallium arsenide, this
one is fabricated from silicon. This has the
additional advantage that it is easy to
incorporate other circuits onto the same
substrate. By doing this delays can be
reduced to the absolute minimum, thereby
ensuring that the full potential of the
diode itself is maintained.

The main increase in speed has been
achieved in the diode itself. It consists of
interleaved fingers of gold deposited onto
a silicon substrate. When the light hits the
silicon, electrons are freed, giving a small
current which can be picked up by the
gold electrodes.

The size of the fingers is critical. The
smaller the spacing the quicker the freed
electrons can be picked up and the faster
its speed of operation. The fingers also
need to be kept as thin as possible other-
wise the efficiency of the device falls very
rapidly making it much less sensitive.

The new diode is so fast that a number
of unexpected effects were noticed during
development. 1t was found that red light
produced a slower response than violet.
This was traced to the fact that red
light penetrated further into the silicon.
This resulted in it taking longer for
the electrons to reach the fingers. It

+Ve ELECTRODE

STRAINED LAYER
MULTIPLE QUANTUM
WELL STRUCTURE

—_— e —
IMAWMAMWWAMAAAAAAAAMAMMWAN-——— DIFFRACTION GRATING

InP SUBSTRATE

~-Ve ELECTRODE

Fig. 1. Cross section of the Hitachi narrow-band laster l.e.d. structure.
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also emphasised the critical nature of the
minute geometries to the research team.

The team are delighted with the per-
formance of the device in fulfilling its
primary function. However they have also
discovered that it can be used to generate
a microwave signal if the operating condi-
tions are altered suitably.

It will be interesting to see where their
work leads. What is certain is that this
new diode will be instrumental in increas-
ing the speed of optical data networks.

Organic materials are finding uses in
a wide variety of areas these days.
Originally confined to fields related to
chemistry and materials, organic com-
pounds are now entering new spheres.

Organic superconductors have been
available for some while. Although still
very much in their research phase these
new compounds are proving to be very
promising for the future.

Another area where organic com-
pounds are beginning to be developed is
in semiconductor research. Here organic
polymers have been successfully used to
make l.e.d.s. Although the first devices
which were announced back in 1990 only
had an efficiency of 0-0! per cent, research
at Cambridge University has raised this
figure to around four per cent.

To achieve this figure the group have
used a substance called phenylene
vinylene. A film of the material has
electrodes deposited and emits a
green/yellow light when 15V is applied.

It has not been easy to increase the
efficiency of these le.d.s. A number of
measures have had to be employed. each
contributing to raising the overall efficiency.

Initial studies showed that very few
electrons entering the structure actually
caused light emission. Much of the energy
in the system was dissipated in a non-
radiative manner.

The cause of this was investigated and
as a result it appeared that a co-polymer
should be used instead. This gave a thirty
fold increase in the level of emission.

Despite this the efficiency was still only
0-3 per cent. Another layer was intro-
duced into the structure and this gave a
rise in efficiency to three per cent. Now a
new material containing cyano structures
has been introduced into the material with
the effect that efficiencies of around four
per cent are being seen.

For the future it appears likely that
many more organic semiconductor
materials may become available. If this
happens then not only will silicon and
gallium arsenide become materials of the
past, but a whole new field of organic
semiconductor components may appear.
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A no-frills power supply for the
experimenter. 3V to 12V in 1V
steps at 350mMA max.

comes to realize that certain pieces of

equipment are near-essential while
others are little more than gimmicks. A
bench power supply unit (PSU) definitely
comes into the former category. The
Hobby PSU is a compact mains-operated
unit providing a regulated output from 3V
to 12V in 1V steps and with a maximum
current of 300mA.

While it is possible to operate experimen-
tal circuits from batteries. doing so has
several disadvantages — the chief of which
is cost. The price of batteries is quite high
and if a large current is drawn over several
hours — as will be required for some tests
they will soon be drained.

Another point about batteries is that
their regulation is poor that is, the
terminal voltage falls quite severely as
increasing current is drawn. This can cause
problems when experimenting with new
designs.

UNNECESSARY
GOODIES

Commercial power supply units are
available from many suppliers but tend to
be expensive — even a “cheap™ one appears
to cost between £60 and £80. For
occasional use this expense may need some
justifying. Also. commercial units tend to
have facilities which will rarely, if ever, be
needed by the average constructor. For
example, for many purposes a maximum
output of 12V is adequate — perhaps for
setting-up automotive circuits. Commercial
units typically provide an output up to
30v.

THE serious electronics enthusiast soon

For many purposes, a maximum cur-
rent of 300mA will be found sufficient. A
rating of up to 2A or more, as provided by
many commercial units, increases costs and
makes the unit heavy and bulky on account
of the requirement for a larger mains trans-
former. The Hobby PSU does not have
fixed output voltages — usually 5V and 12V

found on many commercial units. Again,
this reduces costs. Other facilities omitted
from this design are a “split” supply and
an a.c. output facility.

ouUuTPUT METERS

On a commercial power supply unit there
are often instruments — a voltmeter and an
ammeter ~ mounted on the front panel.
These may be found useful at times but
including them adds considerably to con-
structional costs.

Since the output voltage of the Hobby
PSU is switched and accurate to around
0-1V, a voltmeter is not really essen-
tial. If the current needs to be measured,
most experimenters will have access to a
multitester which may be used for the
purpose.

For readers wishing to add a buili-
in voltmeter and/or ammeter, it is a
straightforward matter to include these.
Details for doing this are given later.

The photographs and diagrams show the
prototype unit with meters included. If no
such meters are to be used, it will be
desirable, although not essential, to have a
multitester available at the end for testing
purposes. Note that the total cost given in
the “Cost Box™ does not include any
meters.

The output current from the unit is auto-
matically limited. A two-way switch on the
front panel may be used to select a limit
of either S50mA or 300mA. The smaller
value will be appropriate for low-powered
circuits.

IMPORTANT
SAFETY NOTE

Constructing this unit involves making
mains connections. Any reader who is unsure
of being able 10 make a safe job, must seek
the help of a qualified electrician.

In particular, the following safety points
must be followed. Firstly, the unit must be
built in an Earthed METAL box — a plas-
tic case is unsuitable and must not be used.
Also, there must be a switch in the live mains
input wire and a neon indicator to warn of
the ON state (in the prototype the neon in-
dicator was part of the switch itself — see
components list).

Fuses must be included in both trans-
former primary and secondary circuits —
note that fuse FS1 must be of the special
mains (ceramic) type. Some further safety
notes are given later.

CIrRCUIT
DESCRIPTION

The complete circuit diagram for the
Hobby PSU is shown in Fig. 1. The
principle component is ICl - an L200CV
integrated circuit regulator. This is a practi-
cally indestructible device which provides
on-chip voltage regulation and current
limiting.

It is fully protected against any abuse
causing overload or overheating. Although
capable of providing a full 2A output, here
it is used much more conservatively. The
metal case itself can then provide an ade-
quate heatsink.

K1
p—t

F51 51
¢ L A
500mA .
¢ YHE2
2A0Vac. ov-15v
MAINS INPUT
Nom —
€N INDICATOR
N
AS PART OF 1
RS TOM3 380 53
\ o : : (-

# SEE TEXT

Fig. 1. Complete circuit diagram for the Hobby PSU. Note that switch S2is a “slide” type and D1 is a constant current l.e.d.
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The Live mains input wire is fused using
FS1 then connected to switch S1. With Si
on current is supplied to the primary wind-
ing of transformer T1. A nominal 12V a.c.
output is then provided at the secondary.
This is fused using FS2, full-wave rectified
by bridge rectifier RECI and smoothed
using capacitor C1.

Capacitor C1 charges to the peak voltuge
of the a.c. available a1 T1 secondary
about 17V - less the voltage drop of some
1-4V due 1o the effect of the diodes inside
REC]. This leaves about 15V to 16V which
is necessary to provide a full 12V out-
put. This is because up to 3V is effec-
tively “lost™ between IC1 input and output
terminals.

The nominal 15V d.c. supply is applied
1o ICl input pin 1. An output voltage is

COMPONENTS

Resistors See
5
R
R3 105 TALK
82 Page

R4
R5to R13 360 (9 off)
All resistors 0-6W 1% carbon film.

Capacitors
C1 2200u radial p.c.b. elect
35V
Cc2 220n disc ceramic
Cc3 100n disc ceramic
Semiconductors
D1 Red constant current l.e.d
3V to 12V operation with
no series resistor required
1C1 L200CV voltage and
current regulator
REC1 WO005 1-5A 50V bridge

rectifier.

Miscellaneous
T1 Mains transformer with
240V primary and
6V-0-6V secondary or
twin 6V secondaries
rated at 500mA (6VA)
S1 Mains rocker switch with
inbuilt neon indicator (or
separate mains neon)
Miniature on/off slide
switch
12-position rotary switch,
make-before-break
action
Miniature 0 to 500mA
ammeter, face size 45mm
x 51mm - if required
Miniature O to 15V
voltmeter, face size
45mm x 51mm - if
required
4mm terminal post/socket
one red, one black
20mm panel fuseholder,
with 500mA mains-type
ceramic fuse to fit.
200mm chassis fuseholder
with 500mA quick-blow
fuse to fit
Printed circuit board available from
EPE PCB Service, code 902; aluminium
case size, 175mm x 125mm x 45mm;
solder tags (3 off); stand-off insulators
(4 off); small fixings; strain relief bush;
l.e.d. mounting clip; stranded wire; 3A
mains wire; solder, etc.

S2
S3

ME1

ME2

SK1, SK2

FS1

FS2

Approx.cost
guidance only

£26

»
] o

| \ 7
\ D ¢
¥ il £

T

———————

o

€ a

50ma 300mA
CURRENT LimIT

»

il

The completed power supply showing front panel layout. The meters are optional.

then developed at pin 5 whose value is
accurately determined by resistor R1 and
the resistance appearing between pins 2
and 4.

In this circuit. R1 is fixed in value and
rotary switch S3 (Set Volts) selects the ap-
propriate resistor(s) in the series chain RS
to R13 together with resistor R4 which is
always present. With S3 in its lowest posi-
tion. the output voltage is determined by
R4 alone - that is. 3V. In the tenth posi-
tion, S3 connects all resistors in the chain
this provides 12V.

CURRENT
LIMITING

The resistor connected between IC1 out-
put pin 5 and limiting terminal, pin 2,
determines the output current limit. With
Current Limit switch S2 in the open posi-
tion. this is set by resistors R2 and R3
connected in series providing about 63mA.
This allows for SOmA output current in
addition to the 13mA required for the l.e.d.
D1 (a constant current device).

With S2 closed. resistor R2 is short-
circuited and limiting is set by R3

alone. This corresponds to about 300mA.
Readers wishing to make changes to the
current output (subject to a maximum of
300mA to 350mA) should choose resistors
according to the formula:

R = 450/1

Where R is the resistance connected be-
tween pins 2 and 5 and / is the current limit
required in milliamps.

Capacitors C2 and C3 are necessary for
the internal stability of 1C1. Meters MEI
and ME2 are the optional ammeter and
voltmeter respectively connected in the out-
put circuit. While switched on light-emit-
ting diode, D1. glows to show that the
output circuit is working. If any fuse fails.
the L.e.d. will not operate.

CONSTRUCTION

Construction of the Hobby PSU is
straightforward but the following points
must be noted. Fuseholder FS1 should be
of the panel variety. Transformer T1 must
be adequately rated — it will be described
by the supplier as a 6W or 6VA unit - that
is. it should be rated at S00mA minimum.
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@, 2 Printed circuit board component layout and full size copper foil master pattern.
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The l.e.d. indicator in the output. DI.
must be of the constant current type requir-
ing no series resistor. It should be capable
of operating over the range 3V to 12V.

Rotary switch S3 must be of the make-
before-break type. These are readily avail-
able but perhaps less commonly used than
the break-before-make variety. If the latter
type is used. there will be no resistor con-
nected between IC1 pins 2 and 4 between
switch positions. Under such conditions.
the output would repeatedly rise to 12V or
more as the switch was rotated and this
could be damaging to certain circuits.

Construction is based on a small printed
circuit board (p.c.b.) and the topside com-
ponent layout and full size underside cop-
per foil master pattern is shown in Fig. 2.
This board is obtainable from the EPE
PCB Service, code 902.

Begin construction by drilling the three
mounting holes in the positions indicated.
Solder the link wire into position. Follow
with the on-board components in the follow-
ing order: all resistors (flat with the board)
and capacitors noting the polarity of Cl.
then RECI (note the lettering on top in-
dicating the orientation) and then IC1. The
bridge rectifier RECI should be soldered so
that it stands Smm clear of the board.

Solder 20cm pieces of stranded connect-
ing wire to the solder pads, at each end of
the board. marked FS2. T1 secondary. tag.
— output, chain, + output. S2 (2 off) and
S3 common. The use of different colours -
for example, rainbow ribbon cable - is ad-
vised to avoid wiring errors later.

CASE ASSEMBLY

All components, apart from transformer
T1. switch S1 and fuse FSI., are mounted
on the lid section of the metal case. Make
holes in the lid for switches S2 and S3. for

“11 SEC*~ “T1 SEC"
ON CIRCUIT PANEL FS2 ON CIRCUIT PANEL FS2
\ LINK WIRE \ I1GNORE
\ \
\ \
¢ & » 5
TWIN SECONDARIES CENTRE-TAPPED
SECONDARY
260V
VL PRIMARY T — T PR% CF =
st X} (a) \51 \51 (b)

Fig. 4. Wiring details for the transformer secondary windings: (a) twin and (b)

centre-tapped secondaries.

fuseholder FS2. Le.d. DI clip and for the
output terminals SK1 and SK2. If meters
are to be incorporated. make the holes for
these also. (See photographs for com-
ponent position guide).

A cardboard template is usually provided
with the meters. Measure the positions care-
fully and tape the template in place. Draw
round the outline and mark the fixing cen-
tres. Drill a circle of small holes around the
outline then join them together using a small
hacksaw. Finally, file the edge of the hole
smooth and drill the fixing holes.

Hold the circuit panel temporarily Smm
clear of the lid in the position shown -
see photograph. Mark the position of the
hole in IC1 tab on the side panel and drill
this. Using this hole, secure the i.c. tem-
porarily and mark the position of the cir-
cuit panel mounting holes on the lid of
the box. Remove the panel and drill these
through.

Drill holes in the base section to mount
the transformer, switch S1. fuseholder FSI
and for the strain relief bush to be used on
the mains input lead later. Mount these

FS1

WOVAL,
MAINS IN

1
E 2 =240V PRIMARY —

[znv ov ] *
™

SOLDER
TAG 12V ov

CIRCUIT PANEL

components using a solder tag on one
of the transformer fixings. Note that this
solder tag will be used to Earth the case and
transformer core and is essential for safety
reasons.

Attach fuseholder FS2 and slide-switch
S2. Mount the output terminals/sockets
SK1 and SK2 using the plastic bushes
supplied to insulate them from the metal-
work. Use solder tags for the connections to
be made later. In fact, SK2 (negative) may
make metallic contact with the case because
this is at supply negative voltage anyway.
Mount the meters if these are used.

NYLON FIXINGS

Attach the circuit panel using short plas-
tic stand-off insulators on the bolt shanks
and thin aylon fixings. Note that it is essen-
tial for the underside of the panel to remain
well clear of the base with no possibility of
any protrusions on the underside touching
the metalwork. Secure ICI using a meral
fixing. There must be no strain on ICI
pins when the circuit panel is bolted into
position.

X

N R

e ap

\—12V SECONDARY—/

#* SEE TEXY

X0 g
i _,?.*:.'

Fig. 3. Interwiring details from the p.c.b. to off-board components. Mains rated wire must be used for wiring S1, FS1 and

transformer T1.

768

Everyday with Practical Electronics, October, 1994

e



Prepare rotary switch S3 in the following
way. First, remove the mounting nut, ser-
rated washer and tab washer - a circle
of holes will be revealed. Replace the tab
washer with the protrusion engaging with
the correct hole so that only ren positions
are provided (the hole will probably be
marked with the number ten — otherwise
use trial and error).

Bend the component tags outwards and.
referring to Fig. 3. solder resistors R5 to
R13 around those marked | to 10 as indi-
cated. Mount S3 and. again referring to
Fig. 3. complete the internal wiring short-
ening any wires as necessary. The wires
may be neatly grouped using cable ties.

When connecting the output terminals,
note that the positive is the red one. If the
mains transformer is of the type having
twin 6V secondaries refer to Fig. 4a. If it
has a 6V-0V-6V (centre-tapped) secondary,
refer to Fig. 4b.

If no voltmeter is to be used. this is
ignored on the diagram. If no ammeter is
used it is simply by-passed. If meters are
present, note that they are polarity sensitive

there will be a plus (+) inscribed on the
body next to the positive terminal.

ADDITIONAL
SAFETY

The mains input wire must be of 3-core
mains type of 3A rating minimum. It must
be firmly secured using a proper strain
relief bush through the hole drilled for the
purpose with a little slack left inside the
case.

Mains-type wire must also be used for all
FS1. S1 and T transformer primary con-
nections and these must be secured so that
they cannot dislodge in service. The Earth

wire must be soldered securely to the solder
tag at T1 fixing.

Note that the specified switch needs both
a mains Live and Neutral feed because of
its internal neon indicator. This is con-
venient because the switch then acts as an
anchorage point for the mains neutral wire.

If the mains plug is of the UK pattern,
fit it with a 2A or a 3A fuse. Insert FSI
and FS2 into their holders and fit switch S3
control knob. Make a cardboard shield for
the mains connections at FSI, S1 and T|
primary windings.

Fit the lid of the case checking that no
wires are trapped and no short-circuits are
formed with the metalwork or anything
else. Fit the base with self-adhesive plastic
feet to protect the work surface.

TESTING

For safety reasons. it is essential for all
testing 10 be carried out with the lid of the
case in position.

No adjustment to the circuit is normally
needed - testing is simply a matter of
checking for correct operation. With the lid
of the case on, set switch S3 for minimum
(3V) output. Plug the unit into the mains
and switch on. Note that the mains neon
indicator lights and the l.e.d. operates.

If there is an inbuilt voltmeter. check that
this reads 3V approximately. Rotate S3
control knob and note that the output in-
creases in approximately 1V steps to 12V.
If this check is made using a multitester, set
it to a suitable voltage range and apply it
directly 1o the output terminals observing
the polarity.

OVER THE LIMIT

If an ammeter has been fitted. the output
current limit is checked by simply short-

circuiting the terminals using a piece of
connecting wire. The voltmeter will read
zero and the le.d. indicator will go off.
The meter should indicate 300mA approxi-
mately (with switch S2 closed) or around
S50mA (with S2 open). Any current up
to 350mA is satisfactory for the upper
limit. The current should remain substan-
tially constant whatever the selected output
voltage.

If a multi-tester (multimeter) is used. set
it to an appropriate current range and ap-
ply the probes to the output terminals di-
rect. The results should be as above.

If an output limit is unacceptably high,
increase the value of resistor R3 slightly
and vice-versa. Similarly, to reduce the
lower current limit increase the value of R2
slightly and vice-versa. In the absence of
any meters, correct operation will have to
be taken on trust.

Short-circuit the output again so that
the maximum current is drawn. Under
these conditions, the greatest amount of
heat is produced by IC! and a check
should be made to see that it is dissipated
adequately.

The case in the region of IC1 will become
warm — check after an hour or so that it is
not excessively so. It will be found that a
low output voltage combined with a high
current will produce the greatest amount of
heat. Make a scale for rotary switch S3 and
a label for S2.

When testing a circuit requiring less than
50mA. it would be wise to get into the
habit of setting the current limit accord-
ingly. There will then be less chance of
damage in the event of there being a circuit
fault such as that due to a short circuit.

You will always be powered-up with the
Hobby PSU!

Layout of components in the base and lid of the alurninium metal box — using meters.
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Constructional Project ——

AUDIO

AUXIPLEXER

WILLIAM E. CHESTER

Ease the hassle of plugging in
extras to your hi-fiequiprment
with this audio multiplexer and
optional remote control.

pand your hi-fi set-up by adding audio

separates and so make greater demands
on the input capability of the existing
amplifier. this project will be of interest to
you.

The circuit described here is a four plus
one channel stereo analogue switch. The
extra channel is used for tape to tape
recording. Its use, though, is not limited to
stereo audio for it can be used wherever
analogue signals need to be switched with
minimal disruption.

One feature which should prove par-
ticularly appealing is the option for remote
control. An infra-red receiver is described,
having a typical range of 10 metres. How-
ever, a transmitter unit is not described -
simply use an existing television or video
remote control keypad.

Many remote control keypad units have
“redundant” buttons whose transmitted
code is not normally used. One such button
is ideal for operating the Audio Auxiplexer
if the television or video deck is on and
within range at the time.

The name for this project came about
because of the auxiliary input of the hi-fi
amplifier. This was the only general pur-
pose input available for connection of the
Nicam TV sound decoder, compact disc
player or hi-fi video sound outputs. The
phono plugs had to be frequently changed
at the back of the amplifier, depending on
which source was to be listened to. By
subjective standards, the design’s noise per-
formance standard is extremely good.

DESIGN
CONSIDERATIONS

Since for the original application the
author had stereo sources in mind, the
design is based on the 4052B analogue
multiplexer integrated circuit. Being a four-
position double-pole switch, one 4052 chip
will deal with all four stereo channels.

Switch control is achieved digitally by
presenting a 2-bit binary code to two con-
trol pins of the 4052B chip. Additionally,
placing logic 1 on an inhibit input will mute
the signal output. This feature is made use
of by the remote control receiver. Sound is
muted until the user has stopped flicking
through the four channels.

IF. like the author, you continually ex-
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Purists may wonder why an LM1037
chip was not used as the audio multiplexer.
There are at least two reasons. Firstly. the
author does not find the LM 1037 technical
specification to be very awe inspiring,
especially when a lot of audio anomalies in
hi-fi are tested by the subjective qualities of
the end user.

For instance, the LMI1037 total har-
monic distortion at 1V r.m.s. is around 0-04
per cent, with a maximum of 0-1 per cent
The 4052B offers a typical 0-04 per cent
sine wave distortion at 1kHz. Putting aside
the slight technical difference here, who
could tell the difference between 0-04 and
0-1 per cent harmonic distortion? (Speci-
fication figures may vary slighily between
manufucturers. Ed.)

Channel separation in the 4052B is
quoted as —50dB at 3MHz for a 5V
peak-to-peak input waveform. Down at
audio frequencies this figure should be-
come nearer to the LMI1037 figure of
—95dB at 1kHz.

Certainly, in listening tests on the
prototype, signal breakthrough onto a
quiet channel was inaudible at two feet
from a loudspeaker and the volume set on
75 per cent of its potential 20W r.m.s.
output.

Secondly. the LM1037 is over ten times
more expensive. and perhaps there is some-
thing to be said for the sense of achieve-
ment that comes from making the most of
alternatives. Simply dismissing the 4052B
based on its apparent cheapness may not
be doing it justice. Let’s face it, if you blow
one up during your exploits, they don't
cost a bomb to replace either!

Of course. in analogue multiplexers there
are little parasitic nasties such as on-resis-
tance and feedthrough capacitance.

INSIDE A 30528

A simplified diagram of just one switch
within a 4052B chip (half a stereo channel)
is shown in Fig.1. Metal oxide (MOS) field
effect transistors are used throughout. The
on-resistance. Ron of the switch is a con-
sequence of the series and parallel com-
bination of the f.e.t. channel resistances
within transistors TR1 to TR6. Each chan-
nel resistance is inversely proportional to
the supply voliage.

In other words, the higher the supply
voltage (Vpp-Vss), the greater the gate to
source voltage differential and thus the
lower the channel resistance when the
control level is at logic 1.

A supply range of 9V to 12V for the
Audio Auxiplexer was chosen to allow
operation from a battery and 1o keep
the variation of on-resistance between the
limits 75 ohms to 100 ohms. In the 4052B
itself. steps have been taken in the design to
linearise the transfer characteristics due to
changes in Ron.

Feedthrough capacitance between each
switch input and output for the 4052B is

Evervday with Practical Electronics, October, 1994
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Fig. 1. Simplified 4052 multiplexer switch element.

tors R7 and R8. The transistors operate at
economical display.

Two light emitting diodes (l.e.d.s. D1 and
D2) instead of four have been employed:
they simply echo the binary representation
of the selected stereo source, indicating
which audio channel is active. The circuit
has been designed so that both DI and
D2 glow dimly when audio Source | is
selected.

Having the lLe.d.s glowing dimly instead
of being turned fully off obviates the need
for a power-on indicator and allows the
display to be read in the dark. Very much
like cat's-eyes, you can tell exactly which
eye the cat is blinking. The brightness of
the dim glow, if you see what is meant, is
determined by the value of supply filter
resistor R1, which is shown in the power
supply circuit diagram of Fig. 5.

Because of the inclusion of resistor R1,
the power line voltage fed to TR1 and TR2
is slightly higher than that supplied to the
rest of the circuits. Consequently, the out-
put high voltages from IC2 pins | and 14

Cy reactance at 30MHz = 1/2nfc
(neglecting Cp) for R = 1kQ

Cy reactance at 20kHz = 66-:3IMQ = X,

—75dB (R =47kQ)
will be 0-5mV pk-pk.

= 1/(6-28 x 30-106 x 0-12 x 10-12) = 44-2kQ = X,
Feedthrough attenuation at 30 MHz = 20 log (R /(R +X,)) = —33dB

Feedthrough attenuation at 20kHz = 20 log (R /(R + X¢)) = —96-4dB for R = 1kQ
For a realistic R of 47k€2 this figure becomes: —63dB for (R =47kQ2)

At mid-band audio frequencies the feedthrough attenuation is around

Example: If the switch is off and V;, is 1V r.m.s. then V,, at a signal frequency of SkHz

A O f—— 9
so—]

Vin

TO OTHER

CHANNEL

SWITCHES

CONTROL
DECODER

CONTROL =OFF (OV)

RL
1({TEST)
100k MAX.
IN USE

Fig. 2. Calculating signal feedthrough in an unselected (off) 4052 switch path.

given ‘at around 0-12pF; quite small by
audio standards. This capacitance, if high
enough would be the route for an un-
selected signal to breakthrough to the
output terminal.

The specified feedthrough attenuation of
-50dB at 30MHz with an input of 5V peak-
to-peak is quoted for an output load of one
kilohm. However, only a 20k Hz bandwidth
is needed for this Audio Auxiplexer ap-
plication. A value of 0-12pF equates to a
reactance of 1330 megohms at a frequency
of 1kHz. An idea of the calculations needed
to quantify feedthrough for a 4052B switch
that is turned off is given in Fig. 2.

Note that transistor TR7 shown in Fig.1
is turned on when the switch is unselected
(control voltage at logic 0). The low chan-
nel resistance of TR7 takes the mid-point
of the switch to ground thereby minimising
signal feedthrough via TRI, TR2 or TRS,
TR6.

The 4052B requires three power supply
lines, namely Vpp, Vss and Vge. The
supply power for this device is taken to
Vpp-Vss. so the digital control inputs are
referenced to Vss. The analogue inputs and
outputs are referenced to Vgg, which must
be less than or equal to Vss.

CHANNEL
SELECTION

The circuit diagram for the channel selec-
tion controller of the Audio Auxiplexer is
shown in Fig. 3.

Digital selection of the audio signal
source is made by IC1 and IC2 in conjunc-
tion with switches S1 to S4. IC1 is an 8-bit
priority encoder, although only four of its
eight inputs are actually used.

Since the select switches Sl to S4 are
inexpensive pushbutton switches, it is pos-
sible that two might be pressed simul-
taneously by mistake. However, IC1 con-
veniently outputs a two-bit code, from pin
7 and pin 9, which corresponds only to the
highest priority input line taken high by the
switches.

The logic | voltage level at ICI pin 14
(gate select) returns to logic 0 when all in-
puts (IC1 pins 10 to 13) are released. This
action causes the 4-bit latch, 1C2, to cap-
ture input data at its pins 2 and 3. The data
appears at the Q0 and QI outputs of 1C2
and it is this binary code which determines
the 4052B (IC3 and ICS in Fig.4) analogue
switch selection.

An inversion of the control code is ap-
plied by IC2 pins 1 and 14 to the bases
(b) of transistors TR1 and TR2 via resis-

do not quite manage to cut-off the base-
emitter junctions of the transistors.

MULTIPLEXING
STAGE

The circuit diagram details for the audio
multiplexing stage are shown in Fig. 4.

Transistors TR3 to TR12 are connected
as unity gain emitter-followers. They offer
an approximate impedance of 45 kilohms
to audio input signals and a very low out-
put impedance to drive signal tracking into
the analogue switches, 1C3 and ICS.

Due to the nature of each base-emitter
junction, the d.c. voltage at each signal
input to IC3 and ICS will be about 0-8V
below the Vgg supply voltage. Capacitors
C4 to C17 are used to block d.c. voltages
which may be inadvertently connected to
the input and output terminals.

Fig. 3. Circuit diagram for the channel select section of the Auxiplexer.
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Fig. 4. Circuit diagram for the Audio Multiplexing stage.

The idea of using ten transistors at the
signal source inputs is to bufter the high
impedance input lines and to provide a
low impedance feed to the analogue switch
inputs. The length of the printed circuit
board tracking to these latter inputs could
provide the opportunity for cross-talk from
adjacent “other channel™ tracking. espe-
cially if two high impedance signal tracks
were 1o be run closely parallel for any up-
preciable length.

As well as preserving good channel
separation. an added benetit of low
impedance may be an ability to minimisc
the small control voltage transients (of
around 30mV) fed into the analogue switch
channels by control voltage changes on the
4052B control inputs A and B. as supplied
by IC2in Fig. 3.

On a pructical note. the low impedance
LINE-OUT output is desirable where the
Auxiplexer is used some distance from the
main amp. Noise susceptibility can be a
problem-on long. higher impedance feed
and cabling systems.

The possibility of signal cross-talk and
transient breakthrough was borne in mind
when designing the printed circuit board
High impedance tracking is kept short
while other signal tracking is distanced
away from. or placed at right angles to
different channel tracking. Additionally.
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placing power-rail tracking or large arcas
of power-plane copper in proximity to the
signal tracks helps lower their impedance
and susceptibility to picking up radio fre-
quency (r.f.) noise.

POWER SUPPLY

Details of the power supply circuits are
shown in Fig. 5. Power may be supplied
at any d.c. voltage between 9V and 12V,
Resistor R1 and capacitor Cl filter the
supply voltage to prevent fulse triggering
of IC! and IC2 in respect of mains-borne
interference.

A current drain of 8mA to 12mA causes
a voltage drop of about 0-25V across
resistor R1. This voltage effectively appears
across the base-emitter junctions of transis-
tors TR1 and TR2. thus causing le.d.s DI
and D2 1o glow dimly when audio input
Source | is selected.

The power supply voltage for the Vgg in-
puts of 1C3 und ICS (pin 8) is derived via a
741 op.amp. 1C4. which is used to buffer a
split level reference voltage as set by resis-
tors R9 and R10.

Total circuit current drain. with both
display l.e.d.s turned on. is around 18mA

+Va9to12viiSmA}

B
& P1 22 PE
SK1 +Voo
POWER
£ ¢y
TR1/TR2

IiOOM

L6

() VEE(OV)
P8

+VoD

T+v..
C3
C2 R0 -

veelov)

Fig. 5. Power supply circuit diagram details.
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Fig. 6. Circuit diagram for the Infra-Red Receiver.

COMPONENTS

MAIN CIRCUIT
Resistors

R1 22

R2to R5 100k (4 off)

R6 1k2

R7. R8, R11,
R12,R15
R16, R19,
R20, R23,
R24, R27,
R28

R9, R10

R13, R14,
R17,R18
R21.R22,
R25, R26,
R29, R30 4k7 (10 off)

All 0-25W 2% carbon film or better.

TALK
Page

51k (12 off)

24k (2 off)

Capacitors
Cc1 100y radial elect. 25V
c2 10p radial elect. 16V
C3 220n ceramic minidisc 16V
C4to C7 1ptantalum 35V (4 off)
C8to C17 100n polyester (10 off)

Semiconductors

D1,D2 3mmgreen l.e.d

TR1,TR2  BC557 pnptransistor
(2 off)

TR3 to TR12 BC547 npn transistor
(10 off)

IC1 45328 8-bit priority
encoder

1C2 74LS75N dual 2-bit
latch

1C3,1C5 4052B dual 4-way audio
multiplexer (2 off)

1C4 741 op.amp

Miscellaneous

S1to S4 push-make switch (see text)

S5 s.p.s.t. min. slide switch

Printed circuit board available from
EPE PCB Service code 903 (Control);
8-pin d.i.l. socket, 16-pin d.i.l. socket (4
off); SK1 to SK14; panel mounting
phono sockets (14 off); twin screened
audio cable (1 metre); plastic case,
1756mm x 130mm x 58mm:; battery and
battery clip to suit; terminal solder pins;

connecting wire; solder, etc

Approx cost

guidance only

maximum so exclusive operation from a
battery could give a useful life.

REMOTE
CONTROLLING

Operation by remote control may or may
not be a good idea, depending on how
many “‘couch-potatoes’ are already resi-
dent in your houschold. Then again, the
main emphasis is on convenience if you
have to be operating something else in
another part of the room.

It was decided not to increase the
population of remote control transmitter
units. You may already possess two or even
three of these, so accessing the right one in
a hurry can be a bit of a hectic operation.
The Infra-Red Receiver circuit (referred to
from now on as just the Receiver) shown in
Fig. 6 should work well with most TV and
video remote transmitter units.

Photo-diode D1 is reverse biased in the
photo-voltaic mode. Light falling on its
flattened, sensitive side causes the usually
tiny “dark™ leakage current (of about
30nA) to increase. The small change in
current causes a voltage change across
resistor R2, which is fed via coupling
capacitor C2 into the common-emitter
amplifier stage formed around TR1.

The value of capacitor C2 affects the sen-
sitivity of the receiver since, in combination
with the input impedance of TR1, it deter-
mines the low frequency roll-off (the —3dB
point). A capacitance value of less than 68n
may reduce sensitivity but, in experiments,
a value greater than this did not give any
further increase in sensitivity.

The — 3dB point is no less than 2-5kHz,
so very low frequency changes, caused,
for example, by changes in ambient light
levels or by the S50Hz flickering of
tungsten filament lamps, will usefully be
rejected. Collector load resistor R4 sets
the stage gain around TR1 to about 120
and a good strong signal will present more
than 50mV to the second stage around
op.amp ICla. Resistor Rl and capacitor
C1 act as a power line filter to ensure the
signal detected by photo diode D1 is not
modulated by noise on the positive
supply.

Capacitor C3 rolls-off the upper fre-
quency response beyond 300kHz, whilst C4
gives unity gain at d.c. and maintains the
lower signal frequency cut off at 2-5kHz.
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RECEIVER

Resistors

R1 3k9 See N

R2R9 10k 20f)  SHOP

R4 ak7 TALK

R5 1k2 Page

R6 100k

R7 2k2

R8, R12 120k (2 off)

R10 4M7

R11 680k

All 0.25W 2% carbon film or better.
Potentiometer

VR1 47k min. preset horiz.
Capacitors

C1,C8 2u2radial elect. 25V (2 off)

C2 68n polyester 100V

C3 100p polystyrene 5 per cent

C4,C5 47n polyester 100V (2 off)

Cé 100n polyester 100V

C7 470n polyester 100V

Cc8 1n ceramic

Semiconductors

D1 TIL100 or similar
photo-diode

D2,D03 1N4148signal diode (2 off)

TR1 BC550 or BC109C npn
transistor

1C1 LM358 dual op.amp

1C2 74HC123 dual
re-triggerable monostable

IC3 40178 decade counter

Miscellaneous

Printed circuit board available from
EPE PCB Service code 904 (Rec.);
8-pin d.i.l. socket; 16-pin d.i.l. socket
(2 off); ribbon cable to suit; terminal
solder pins and/or 5-way connector
(see text); connecting wire; solder, etc.

£12

Resistors RS and R6 set the gain of the
second stage around ICla to about 84,
giving an overall voltage gain through
stages one and two which approaches
10,000.

Approx cost

guidance only
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Passing through d.c. blocking capacitor
C6, the output signal from ICla pin | is
half-wave rectified by diode D2. A sym-
metrical load for capacitor C6 is provided
by resistor R7. In this application, the
LM358 used for ICl seemed happier
operating with this resistive load rather
than having the more usual load of a diode
with its anode connected to the bottom
supply rail.

Capacitor C7 smooths the rectified
positive voltage pulses and thé resultant
average d.c. voltage appears at IC1b pin 5.
Op.amp ICIb is wired as a comparator,
resistor R10 giving it a hysteresis factor of
about 10mV.

Preset potentiometer VR adjusts the
switching threshold and is set for the
maximum that maintains a low level out-
put at IC1b pin 7 when no input signal is
present. Output pulses from ICIb swing
closely between near ground potential and
the high level saturation voltage.

SOUND MUTING

One function of the remote control
Receiver, and which is very desirable and
currently used on many remote controlled
TVs, is a sound mute action. On the rising
edge of each output pulse from IClb a
re-triggerable monostable, IC2, is trig-
gered. The Q output of IC2 is connected to
the inhibit control inputs of the 4052B
multiplexing chips IC3 and ICS5 (see Fig. 4).
When IC2 is triggered its Q output is set to
logic 1, a.level which inhibits IC3 and IC5.

Trigger pulses received before the time
constant of approximately 1-5 seconds ex-
pires, as set by capacitor C9 and resistor
R11, will cause the monostable to remain
triggered. Consequently, sound from all in-
put sources is effectively disconnected un-
til a remote control pulse has not been
received within the preset period of 1-5
seconds. This delay is easily changed by
adjustment of the values of C9 and R11.

COUNTER STAGE

The principal function of the Receiver
circuit is to switch between the four audio
channels. For this, the trigger puises from
IClb aiso control a type 4017B decade
counter, [C3.

Basically, the counter is clocked on by
one place each time an input pulse,
originating from the remote controller, is
detected at the comparator output, ICIb
pin 7. Four outputs of the counter are used,
which quite simply replace the four push
button switches S1 to S4.

The counter does not respond to the first
pulse from IC1b since at this time its reset
pin 15 is held high by IC2 pin 4. The CR
network formed by resistor R12 and the
reverse capacitance of D3 plus that of IC3’s
reset input ensures that the reset condi-
tion persists until the second clock pulse is
received. The next four pulses cause IC3's
outputs one to four to go high in sequence.

A sixth successive press of a remote
transmitter button causes IC3 to be reset
through D3. Another press causes IC3
output one to go high again, and so on.

Three successive presses of the transmit-
ter button followed by a 1-5 second pause
will give: :

I) sound mute
2) audio Source | select
3)audio Source 2 select

then mute-off (after 1.5 seconds) and IC3
reset. To subsequently select Source 3, the
button will then have to be pressed four
times.
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Fig. 7. Typical remote controller waveform responses.
REMOTE of 84, as set here by R5 and Ré6 (I
CDNTRDLLERS + (R6IR5)), gives a usable range up to

The way in which remote controller but-
ton presses relate to clock pulses sent to the
4017B counter depends to some extent on
the manufacturer of the remote controller
and on the value of the CR network formed
by capacitor C7 and resistor R8. Fig. 7
illustrates the situation more clearly.

Pulse trains with gaps between them will
produce continuous clock pulses while the
transmitter button is held down, as in Fig.
7a. Conversely, transmitted data codes
which have no distinguishable pause be-
tween them will give a single clock pulse, as
in Fig. 7b. In this latter case, each press of
the transmitter button will give a single
clock pulse and advance counter IC3 to the
next output.

In tests, three makes of remote controller
were tried by the author, Philips, Hitachi
and Granadacolour. They all operated the
receiver decoder correctly. The Philips and
Granadacolour gave continuous pulses (at
a rate of about two per second) as in Fig.
7a when a button was held down. Short
presses advanced the counter to the next
sequential output.

RECEIVER POWER
FACTORS

The Receiver circuitry chosen, as shown
in Fig. 6, has a very low current drain. This
was intentional since operation from a bat-
tery was required. Note that the supply for
this circuit is sourced from Vpp and Vgg
supply of the main Auxiplexer circuit.

The LM358 used for ICI requires
around 1-5mA and the total current may be
less than 4mA on a 4-5V supply. Half of the
LM358 is used as the pulse-shaping
comparator.

Apart from its low supply current, the
LM358 is also capable of taking its out-
put down to the Vg supply potential. This
provides an ideal logic 0 for the inputs of
the CMOS chips IC2 and IC3.

The logic 1 output level is not quite so
ideal since the maximum on the LM358
output at saturation is about 1-5V less than
the positive supply voltage on its pin 8.
Nevertheless, an input voltage greater than
70 per cent of the supply voltage will nor-
mally be presented and be acceptable to the
CMOS inputs as a logical 1.

The unity gain bandwidth for the LM 358
is only about IMHz but the gain factor

40kHz. This is perfectly adequate in this
application.

CONSTRUCTION

Details of the component layout and life
size copper foil track pattern for the Main
printed circuit board (p.c.b.) are shown
in Fig. 8. The equivalent details for the
Receiver p.c.b. are shown in Fig. 9. Both
boards are available from the EPE PCB
Service, codes 903 and 904 respectively.

Assemble components on the main p.c.b.
in order of on-board link wires, i.c. sock-
ets, capacitors, and then the transistors.
Capacitors Cl and C2 are electrolytic
types, so observe the correct polarity as
shown in the component layout diagram.
The transistors should also be correctly
orientated according the same diagram.

Only fit link wires marked LK1 and
LK2, which take the respective inhibit pins
of IC3 and ICS to their Vsg supply points,
if the optional Receiver circuit is not
required.

Terminal solder pins or flying leads can
be used for connection points Pl to P17,
depending on personal preference. They
were also used on the prototype for input
pairs RTI, LTI to RTS, LTS. Alterna-
tively, if you use pin and plug connectors
instead they may be found to be more
convenient, although more costly.

Additionally, link points Al and A2,
then A2 to A3, similarly link Bl to B2 and
B2 to B3. If the le.d. display is required
then link point QI to Q2, and point Q3 to
Q4. These links and the wiring diagram are
shown in Fig. 10. '

Points P2 to P6 are grouped to allow
connection to either the four pushbutton
switches S| to S4, or to the Receiver circuit
board.

It is advisable to *‘earth™ yourself before
handling CMOS chips ICI, IC3 and ICS in
order to reduce the possibility of damage to
them by static electricity discharge.

RECEIVER

With the Receiver p.c.b. fit the two link
wires first, and then insert and solder all
resistors. Fit diodes D2 and D3 making
sure that they are correctly orientated.
Solder in d.i.l. sockets for all the i.c.s. The
capacitors are next, noting that Cl and C9
are polarised. Now correctly fit transistor
TRI1 and then solder in preset VRI.
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Fig. 8 Printed circuit board component layout and full size copper foil master pat-

tern for the Main Control Board.

In the wiring diagram Fig. 10. the
connection point numbering scheme, e.g.
P2A. P7A reflects the terminal point to
which connections should be made on
the Main Auxiplexer p.c.b. For instance,
P16A/17A of the Receiver board should
be wired to points P16 and P17 on the
Main p.c.b. A length of 6-way ribbon
cable could be used for points P2A to
P7A. The use of terminal pins is again up
to personal preference.

TESTING AND
SETTING-UP

Before connecting power to either p.c.b.
do a thorough scan of the solder side
to check for poorly soldered joints, and
for solder splashes, particularly between
the power planes, that could cause short-
circuits. For test purposes without the
Receiver p.c.b. ensure that links LK1 and
LK2 are fitted
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Connect a battery or d.c. power supply
of between 9V and 12V across points Pl
(positive) and P8 (0V). Check the current
drain by placing multimeter probes across
resistor R1 and measure the voltage drop.
A reading of 0-2V to 0-3V is normal and
indicates a supply current of around 10mA.

Assuming a basic power supply voltage
of 12V. the voltage at pins 16 of ICI, IC3
and ICS should be about 11-8V, as will be
the potential on IC2 pin § and IC4 pin 7
(about 8-8V with a 9V supply voltage).
All readings are referenced to 0V at p.c.b.
point P8 Check that the Vgg supply at
point P7 is half the voltage on point P6.

Correct biasing of the input stages can be
checked by measuring each transistor emit-
ter voltage. Each base resistor will drop
about 0-2V and each base-emitter junction
drop about 0-6V (the latter being irrespec-
tive of power supply voltage).

The status of the l.ed.s DI and D2 is
likely to be random at this time. With a
pair of pliers or a short length of wire,
short together points P2 and P6. If all is
well, the le.d.s will both glow dimly. Try
shorting points PS5 and P6: both led.s
should now light fully.

At this stage, the Main p.c.b. can be as-
sembled into the case. However, if remote
operation is required, links LK1 and LK2
should be removed and the following pro-
cedure carried out;

REMOTE
CONTROL
TESTING

Temporarily solder photo-diode DI in
place. Its final position may change accord-
ing to the type of case or box used. Having
already ascertained that the Main p.c.b. is
functioning it is safe to complete all the
interconnections. Switch on the supply and
check that the P6A voltage appears at ICI
pin 8, 1C2 pin 16 and IC3 pin 16. g

Using P7A as the OV reference, take volt-
age readings at various places. The cathode
of diode DI should be very close to the
Vpp voltage at point P6, as should IC2 pin
4. In this state, IC3 will be reset: proof is
given by a logic | (Vpp voltage level) on
IC3 pin 3.

A d.c. voltage of about 1-5V to 3V
should be present at IC1 pin 3. This is not
critical but it should also appear at ICI pin
1. A very high or very low voltage indicates
that R3 or TR1 are not well.

Connect the measuring probe to IC1 pin
7 and turn the wiper of preset poten-
tiometer VRI. For most of the wiper’s
rotation, the meter should show a very low
voltage (less than 100mV) but at a par-
ticular point the meter reading should jump
up to about (Vpp-1-5) volts. The correct
setting is achieved by slowly turning back
from the present position until the output
at IC1 pin 7 drops down to about 0V
again.

Using a remote transmitter handset, cor-
rect operation of the Receiver can now be
confirmed. Direct the transmitter beam at
photo-diode D1 and press a remote control
button. Simultaneously, observe the volt-
age at IC2 pin 13. This output will go high
(Vpp) and remain so if the transmitter is of
the type shown in Figure 7a. If, however,
the transmitter beam behaves more like the
one represented in Fig. 7b, IC2 pin 13 will
return to OV within two seconds.

In either event, the high voltage level at
P16A/P17A will return to OV within two
seconds of the transmitter button release. If
it does not and appears “‘latched” then
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back oftf preset VRI a little further.
Capactitor C8 is used to damp any tendency
for IC1b to oscillate so check that you have
the correct value for this capacitor if

00 problems persist.
R Continuous short presses of the transmit-
b ? ter button will cause IC3 to sequentially
1C2 $ 1c3 step through its outputs. The voltage ap-
pearing at points P2A to PSA will confirm

co ‘ this

A final inter-working check 1s completed
o g when the le.d. display of DI and D2 has
— — been cycled through according to Table |

f ] T I in response to transmitter button action.

Na~gaE|Ts sEoEwEPREg (S)N ugo;nsms DF PC.B | | I I 1 | I CASE
WEEN PINS S AND 7 OF IC1 P

PIA PIBAITA  poa 3 Pia P CONSTRUCTION

The case used for the prototype is a plas-

tic ABS type, external dimensions 175mm x
130mm x 58mm. It also features ventilation
grills at the top and bottom, though these
are not needed in normal use.

I S1
P2 <
I s2
x P3 o - o=
P& s3
I P4 -'ch
I Sé
| PS —
Fig. 9. Printed circuit board component layout and full size copper foil master ‘ -
pattern for the Receiver board.
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Fig. 10. Wiring diagram showing interconnections between the Main and Receiver boards. Drawing at the top right shows the
switch wiring if the Receiver is not used.
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Table 1: L.E.D. Display Truth Table

CONTROL INPUTS L.E.D. STATUS
B A SOURCE SELECTED 2 1
0 0 1 DIM DIM
0 1 2 DIM ON
1 0 3 ON DIM
1 1 4 ON ON
1 1 5 ON ON

Everyday with Practical Electronics, October, 1994

For the full complement of inputs and
outputs, 14 holes each 6-5mm diameter
were drilled into the back panel to take the
audio input and output sockets. The front
and back panels fit snugly in rebates in the
upper and lower halves of the case.

The front panel is drilled to take the
on/off switch, the two l.e.d.s and the four
pushbutton switches. The prototype case
was modified solely for remote operation,
$0 a Smm square aperture was needed for
the photo-diode window.

Moulded bosses are provided inside both
top and bottom halves of the case. These
allow the Main p.c.b. to be fixed in the
bottom and the Receiver p.c.b. in the top,
using self-tapping screws.

Two 4-5mm holes accommodate the
l.e.d. holders. Using three wires, connect
p.c.b. points P9, P10 and P11 to the le.d.

m
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Fig. 11. Suggested use of the Audio Auxiplexer

wires. Clipping l.e.d. D2 into the left holder
will ensure the display makes sense.

If a 9V battery is used, this can be fitted
inside. Take the battery clip black wire to
point P8 and the red wire to the pole of
switch S1. One side terminal of Sl is then
taken to p.c.b. point P1.

To hold the photo-diode DI in place,
it is useful to glue a small piece of cop-
per stripboard (two tracks wide — 12mm x
8mm) just above the aperture on the back
of the front panel. The diode leads can
be cropped and soldered to these inter-
mediate solder pads so that the diode's
light-sensitive side is over the aperture. A
short twisted pair not longer than 100mm
is then taken to the diode connections on
the Receiver p.c.b.

The remaining wiring concerns the audio
inputs and outputs. Screened single- or
twin-core cable is recommended for these.
As shown on the interconnection diagram of
Fig. 10, the outer connections of the phono
sockets are strung together, by copper braid
for instance, and taken to Vgg. Ensure that

cable screens are terminated only at one end
to prevent "earth-loops” and possible noise
problems. ( Remember, though, that there
must be a OV connection between the Audio
Auxiplexer and the equipment to which it is
connected. Ed.)

Note that capacitors C4 to C7 are
mounted by soldering one lead of each to
the output sockets.

INUSE

The prototype Audio Auxiplexer, com-
plete with the remote control Receiver,
functioned satisfactorily from a rather run-
down PP3 battery at 7-5V even though a
9V to 12V supply is recommended. Dead
battery syndrome is indicated when the
Auxiplexer ignores any infra-red activity!

As already mentioned, the audio inputs
should be treated as "general purpose”.
That is to say, the unit is meant to switch
the full bandwidth of signals at a moderate
amplitude.

The maximum input amplitude in mind
at the time of design was one volt rm.s.,

but there is no reason why anything up to
2:2V r.m.s. (6V peak-to-peak) cannot be
handled when a 12V supply is provided. A
typical normal input level might be as low
as 250mV r.m.s.

By way of example, Fig. 11 shows a
suggested set-up. The Audio Auxiplexer is
interposed between each audio source and
the stereo amplifier.

The REC-OUT output was provided
since some amount of ‘tape-to-tape”
recording use was envisaged. An input on
socket INS, for instance, could be taped by
a machine connected to the REC-OUT
socket. The line output of this same
machine can be monitored during the
recording by its connection to input socket
IN4.

SENSITIVITY

Remote control transmitters having a
nine volt power source gave a significantly
longer reception ranae compared to those
using two [-5V cells. A glass lens (expen-
sive) will boost the range but this is not
essential. The expected range of four to ten
metres should be more than adequate for
most normal room dimensions.

A supplementary infra-red filter was also
tried in front of the photo-diode but again
was found to be superfluous for normal
circumstances. Besides which, the photo-
diodes available usually have some form of
integral filter.

If the counting action for a single but-
ton press seems sensitive and it is difficult
to set the Auxiplexer to a particular input,
then the time constant set by capacitor C7
and resistor R8 may need increasing. In-
creasing the value of R8 in steps of 10
to 20 kilohms should give the required
result.

A handy feature provided by remote
control facility is that switching to a
silent (or unconnected) source effectively
provides continuous sound mute. ]

Pocket sized Logic Analyser for your PC

NEW S/Z4-76

Logic Analyser

Low cost, High Performance
16 Channel Logic Analyser

Connects to PC serial port,
ideal for desktops or notebooks

Supplied with easy to use software,
power supply and cables

High Speed -up to 50 MHz sampling
Internal & external clock modes
8K Trace Buffer

Special Introductory Price

SZA4-76 £189.00

for limited period only

Normal List Price £ 219.00

E Pico Technology Ltd. Broadway House, 149-151 St Neots Road, Hardwick, Cambridge. CB3 7QJ
TEL: 0954 - 211716 FAX: 0954 - 211880

Phone or FAX for sales, ordering information, data sheets, technical support. All prices exclusive of VAT
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HART AUDIO KITS - YOUR VALUE FOR

MONEY ROUTE TO ULTIMATE HI-FlI

HART KITS give you the opportunity to build the
very best engineered hifi equipment there is,
designed by the leaders in their field, using the
best components that are available

Every HART KIT is not just a new equipment ac-
quisition but a valuable investment in knowledge,
giving you guided hands-on experience of modern
electronic techniques.

In short HART is your ‘friend in the trade' giving
you, as a knowledgeable constructor, access to
better equipment at lower prices than the man in
the street.

You can buy the reprints and construction manual
for any kit to see how easy it is to build your own
equipment the HART way. The FULL cost can be
credited against your subsequent kit purchase
Qur list will give you fuller details of all our Audio
Kits, components and special offers.

AUDIO DESIGN 80 WATT POWER AMPLIFIER.

This fantastic John Linsley Hood designed
amplifier is the flagship of our range, and the ideal
powerhouse for your ultimate hifi system. This kit
is your way to get £K performance for a few tenths
of the cost!. Featured on the front cover of
‘Electronics Today International’ this complete
stereo power amplifier offers World Class perfor-
mance allied to the famous HART quality and ease
of construction. John Linsley Hood's comments on
seeing a complete unit were enthusiastic:- "The
external view is that of a thoroughly professional
piece of audio gear, neat elegant and functional
This impression is greatly reinforced by the
internal appearance, which is redotent of quality,
both in components and in layout.” Options
include a stereo LED power meter and a versatiie
passive front end giving switched inputs using
ALPS precision, low-noise volume and balance
controls. A new relay switched front end option
also gives a tape input and output facility so that
for use with tuners, tape and CD players, or
indeed any other ‘flat’ inputs the power amplifier
may be used on its own, without the need for any
external signal handling stages. 'Slave’ and
‘monobloc’ versions without the passive input
stage and power meter are aiso available. All
versions fit within our standard 420 x 260 x 75mm
case to match our 400 Series Tuner range. ALL six
power supply rails are fully stabilised, and the
complete power supply, using a toroidal trans-
former, is contained within a heavy gauge
aluminium chassis/heatsink fitted with IEC mains
input and output sockets. All the circuitry is on
professional grade printed circuit boards with
roller tinned finish and green solder resist on the
component ident side, the power amplifiers
feature an advanced double sided layout for
maximum performance. All wiring in this kit is pre-
terminated, ready for instant use!

RLH11 Reprints of latest articles.

K1100CM HART Construction Manual

LINSLEY HOOD 1400 SERIES

ULTRA HIGH-QUALITY PREAMP
Joining our magnificent 80 Watt power amphfier
now is the most advanced preamplifier ever of-
fered on the kit, or indeed made-up marketplace
Facilities include separate tape signal selection
to enable you to listen to one programme while
recording another, up to 7 inputs, cross record-
ing facilities, class A headphone amplifier, can-
cellable 3-level tone controls and many other use-
ful functions, all selected by high quality relays.
For full details see our list.

.£1.80
.£5.50

LINSLEY HOOD 'SHUNT FEEDBACK' R.I.A.A.
MOVING COIL & MOVING MAGNET
PICKUP PREAMPLIFIERS

Modern, ultimate sound systems are evolving
towards built-in preamplifiers within or near the
turntable unit. This keeps noise pickup and treble
loss to a minimum. We now offer two units, both
having the sonically preferred shunt feedback
configuration to give an accurate and musical
sound, and both having the ability to use both
moving magnet and moving coil cartridges.

Kit K1500 uses modern integrated circuits to
achieve outstanding sound quality at minimal cost.
The very low power requirements enable this unit to
be operated from dry batteries and the kit comes
with very detailed instructions making itideal for the
beginner. K1500 Complete kit with all components,
printed circuit board, full instructions and fully
finished case ..£67.99
Instructions only. .£2.80
Kit K1450 is a fully discrete component implementa-
tion of the shunt feedback concept and used with the
right cartridge offers the discerning user the ul-
timate in sound quality from viny! disks. Can be
fitted inside our 1400 Preamp, used externally or as
a standalone unit. It has a higher power require-
ment and needs to be powered from our 1400 Series
preamplifier or its own dedicated power supply.
K1450 Complete Discrete Component RIAA Phono
Preamp.. ... :
Factory Assembled and Tested.. ..£159.58
K1565 Matching Audio Grade Power Supply with
potted toroidal transformer and limited shift
earthing system.. £79.42
Factory Assembled and Tested
U1115 Power Interconnect Cable..

SPECIAL OFFER
PRECISION Triple Purpose TEST
CASSETTE TC1D.

Are you sure your tape recorder is set up to give its
best? Our latest triple purpose test cassette checks
the three most important tape parameters without
test equipment. Ideal when fitting new heads.

A professional quality, digitally mastered test tape
at a price anyone can afford

Test Cassette TC1D . Qur price only £10.99

DISK-COUNT Clasasical CD’s.

Many New Titles This Month
Top quality, Full Digital (DDD) Compact Disks of the
great classical favourites. Like everyone else we
didn’t like the idea of paying silly prices for CD's.
After a long search we have now located a source of
top quality classical recordings at prices that make
you suspect the quality - until you try them! Send for
our list of titles.

HART PCB SOLDERING PRACTICE KIT
Your chance to learn or try your soldering skills on a
real Hart printed circuit board! This kit comes with a
range of modern components, a typical Hart quality
PCB, a roll of the correct grade of solder and your
full learning guide. It enables the enthusiast who
is uncertain of his, or indeed her, ability to put to-
gether and solder a printed circuit to try their hand
first at minimum cost
The instructions explain the right technique and
guide even an absolute beginner through the seem-
ingly daunting, but in fact very simple, art of making
a good soldered joint.

The Hart Printed Circuit Board Soldering Practice
Kit represents excellent value for money at only
£4.99.

Send or ‘phone for your copy of our FREE List of these and many other Kits & Components. Enquiries from Overseas
scustomers are equally welcome. but PLEASE send 2 IRCs if you want a hist sent surface post, or 5 for Airmail
Ordering 1s easy Just write or telephone your requirements to sample the friendly and efficient HART
service Payment by cheque. cash or credit card. A telephoned order with your credit card number will

get your order on its way to you THAT DAY

Please add part cost of carriage and insurance as follows:-INLAND Orders up to £20 - £1.50,
Orders over £20 - £3.50. Express Courier, next working day £10.
OVERSEAS - Please see the ordering information with our lists.

TECHNICAL BOOKSHELF

The Following are a Small Selection of the Books we
Offer. Full Details are in our Free List.

“THE ART OF LINEAR ELECTRONICS”, John Linsley
Hood.

Just Out! Hot Off the Press, the definitive electronics
and audio book by the renowned John Linsley Hood.
This 300+ page book will give you an unparalleled
insight into the workings of all types of audio circuits.
Learn how to read circuit diagrams and understand
amplifiers and how they are designed to give the besi
sound. The virtues and vices of passive and active
components are examined and there are separate
sections covering power supplies and the sources of
noise and hum. As one would expect from this writer
the history and derivation of audio amplifier circuitry
have an entire chapter, as does test and measure-
ment equipment.

Copiously illustrated this book is incredible value for
the amount of information it contains on the much
neglected field of linear, as opposed to digital, elec-
tronics. Indeed it must be destined to become the
standard reference for all who work, or are interested
in, this fieid.

SPECIAL OFFER. With each book purchased you may
request a FREE extended index, written by the Author,
exclusively from HART.

0-7806-0868-4 .. £16.95
Don't forget most of our Kits have reprints of articles by
John Linsley Hood that you can purchase separately.
“TOWERS’ INTERNATIONAL TRANSISTOR
SELECTOR”. This will give you the specification, pin
connections, case outline, manufacturer, equivalents
and substitutes for over 27,000 European, American
and Japanese transistors. Latest update 4 ofters over
2,000 new entries plus surface mount cross index.
1990 432 Pages. 247 x 173.

0-572-01062-1

“DIGITAL AUDIO AND COMPACT DISC
TECHNOLOGY” 2nd Edition. Baert, Theunissen

and Vergult. (SONY Europe).

A thoroughly well written book covering the whole
field of recording media starting with the Phonograph
right through to modern professional PCM digital
recording systems with particular and extensive
coverage on the compact disc. All aspects of the
recording and reproduction processes are explained
with separate chapters on such things as compact
disc encoding and the use of cross interleave
Reed-Soloman error correction code (CIRC). This
book is of course essential reading for engineers and
students involved in the field but its very low prices
makes it ideal for the enthusiast of recorded music
who wants to know more about the hidden processes
going on in his CD player.

1992/94 248 Pages. 247 x 190.

0-7506-0614-2 .. .

INTRODUCING DIGITAL AUDIO CD, DAT AND
SAMPLING 2nd Edition. lan R. Sinclair.

For enthusiasts, technicians and students.
Covers CD and DAT, Philips DCC and Sony Mini Disc,
the digital techniques involved are explained non-
mathematically.

Digital audio involves methods and circuits that are
totally alien to the technician or keen amateur who
has previously worked with audio circuits. This book
is intended to bridge the gap of understanding for
the technician and enthusiast. The principies and
methods are explained, but the mathematical back-
ground and theory are avoided other than to state the
end product. This second edition has been updated
to include sections on oversampling methods and
bitstream techniques. The opportunity has also been
taken to add a glossary of technical terms.

1992 168 Pages. 217 x 138. 64 line drawmgs

ISBN 1870775228 -

“THE ART OF SOLDERING“. R. Brewster.

Absolutely essential reading for anyone who ever
picks up a soldering iron. Written from knowledge
gained in a lifetime in the field, this is the first book
ever solely devoted to this essential and negiected
skill for all electronic enthusiasts. Covers everything
from the correct choice of soldering iron and solder
to the correct procedures to follow with many illustra-
tions and practical exercises.
0-85935-324-3

““HOW TO USE OSCILLOSCOPES & OTHER TEST
EQUIPMENT", R.A. Penfold, 112 pages. 178 x 111,
Publ. 1989
BP267

Postage on Single Books is 21 50 excepl for The Art of Llnear
Electronics, Digital Audio and Compact Disc Technology and
The Towers International Transistor Selector which are £3.50.
Two, or more, books are only £4.50, any size, any quantity.

.£19.95

.£17.95

.£7.95

QUALITY
AUDIO KITS

24 hr. SALES LINE | ALL PRICES

(0691) 652894
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Special Series

CALCULATION .

CORNER

An introduction to A.C. theory

STEVE KNIGHT

PartTen =

This series is designed to help you make your way, at your own
pace, through the often imagined fears of mathematics, as this is
applied to electronic and electrical engineering matters. We
conclude the series this month by looking at phasor diagrams,
reactance and impedance.

length which represents the peak magnitude of an alternating

current or voltage, rotating in an anti-clockwise direction at
an angular velocity = 2nf rad/sec. If two such phasors are con-
cerned, the angle between them shows the phase angle ¢ existing
between the generated a.c. waveforms.

We will now work through some examples that will illustrate
how we can use such diagrams to solve, by scaled drawing, a.c.
problems, particularly in adding or subtracting sinusoidal currents
or voltages, and finding circuit impedances where resistance, in-
ductance and capacitance come into play.

To do this. you will need plenty of plain paper, a ruler and a
protractor, plus a bit of stamina.

PHASOR ADDITION

We start with an example illustrating phasor addition.

I AST month we saw how a phasor is simply a straight line of a

1. Two alternating voltages are represented by v, =25 sin ot and
v3 =20 sin (wt + nt/3) volts. Draw a scaled phasor diagram and
from it find the resultant sum of these voltages.

Always try and draw your phasor diagrams at the instant t=0
which for the above gives v; =0 and v,= 20 sin /3. This gives us a
reference phasor (v, in this case) which can be drawn horizontally
on the paper. Fig. 10.1 shows the procedure which now follows.

Draw phasor v, horizontally and of a scale length (say,
lcm =5V) equal to the peak amplitude of 25V. Phasor v leads v;
by /3 rad (or 60°), so draw a line of scaled length equal to a peak
amplitude of 20V at 60° to the reference phasor v,.

If these two phasors are now considered to be rotating, they will
generate two sinusoidal voltage waves exactly as Fig. 9.6 in last
month’s instalment illustrated, the phase angle between the waves
now being 60°.

By adding these two waves we obtain a single resultant wave
which is also sinusoidal and at a phase angle leading or lagging on
the reference phasor.

vV
VZ 2 eeeaa e Vf

(Jrad/sec

reference

Fig. 10.1. Setting up the

Fig. 10.2. Phasor addition.
basic phasor diagram

This resultant, v,, is found from the diagram by drawing the
diagonal of the parallelogram as Fig. 10.2 shows. Those of you
who have worked on force problems will recognise this as the same
technique used in finding resultants from a number of forces acting
at a point. The length of the resultant is now measured (to the
chosen scaling) and this provides the peak value of the resultant
wave; while a measure of angle ¢ tells us the phase angle by which
v, leads vy.

From a scaled diagram (do this for yourself) we find
Length of the resultant= v, = 399V peak

Phase angle relative to vi=¢=27°or %g—rad.
Hence the resultant equation
v, =39 sin (ot + i—:—; -) volts

It is acceptable to write this equation in the form
v, = 39 sin (ot + 27°) volts

but strictly this is a hybrid expression and to avoid any confusion
the degree symbol must be clearly shown.

Notice that the peak value of v; is nor the simple addition of the
peak values of vy and vy i.e. 25+20=45V as it would be in a d.c.
circuit, but here comes out at 39V.

PHASORSUBTRACTION

Subtraction of phasor quantities can be treated by scaled dia-
grams if the phasor line for the quantity being subtracted is drawn
in the opposite sense. This next example will make this method
clear.

2. Two alternating cucrents are expressed by iy =4 sin ot and iy =2
sin (ot —n/4)mA. From the circuit shown in Fig. 10.3 find the
current 3.

Here iy =iy + i3 and so i3=1i, — i5. Kirchhoff’s current law applies
to current phasors just as it does for d.c. currents.
The phasor diagram of Fig. 10.4a shows us the two given

Fig. 10.3. Applying Kirchoff's current law to an a.c. circuit.
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\
@ . i) = 4sin Ot

’-TI«‘ reference

iz = 2siff0t ~Th)

i 3= i 1 +( -i 2 )
Fig. 10.4. Phasor subtraction.

currents /) and iy where i is seen to lag /) (the reference) by n/4 or
45°. To perform the subtraction we reverse i to give us —i as
shown by the broken line and rhen add iy to —ij. The resultant
i3y=1i1+(—iy) is then obtained as indicated in Fig. 10.4b. Here
clearly i; leads /) by angle ¢.

By making a scaled diagram we find by measurement:

Peak magnitude (length) of iz =2-95mA
Phase angle ¢ =28° with /3 leading reference i
The equation of i3 is therefore

i3=2-95 sin (ot + 28°) or 2-95 sin (® +%)mA

The phasor triangle can, of course, be solved by the Cosine Rule
for those who are familiar with trigonometry, but a large, carefully
scaled phasor diagram can give quite accurate results. You will
find a number of such examples in the self-assessment problems at
the end of this article. Give yourself plenty of practice in resolving
them.

PEAK OR R.M.S?

When we draw phasor diagrams to scale, there is no need (as we
have so far done) to make the various phasor lengths equal to the
peak values. Since for all sinusoidal waveforms r.m.s. =0-707 peak
values, we may scale all values by /2 and directly add or subtract
phasors with their r.m.s. values.

REACTANCE

In a linear circuit consisting of resistors, inductors and
capacitors, singly or in any combination, if any voltage or current
has a sinusoidal waveform, all voltages and currents will be
sinusoidal of the same frequency.

When an alternating voltage is applied to a complete circuit an
alternating current will flow. The magnitude of this current will
depend upon the amount of opposition presented by the circuit.

These quantities, as always, are related by Ohm’s law:
V(volts)=1 (amperes) x opposition (ohms), but you will have
noticed that the usual term ‘*‘resistance™ has been replaced by
*opposition”. This does not mean that ohms do not appear in a.c.
circuit calculations, but in inductive and capacitive circuits the

_— <>

e ¥
—e |

Fig. 10.5. In a purely resistive circuit V and | are in phase

I and |=V/R.
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term we use is reactance. We shall consider the effect of a.c.
conditions on resistance, inductance and capacitance individually.

RESISTANCE

When a circuit consists only of pure resistance, then at any
instant of time the current must be directly proportional to the
voltage — Ohm’s law must be obeyed. Then for a sinusoidal volt-
age, the current and voltage waveforms must be in step or in phase
with cach other at every instant. Fig. 10.5 shows us the phasor
diagram and the in-phase condition existing in a resistive circuit.

Using r.m.s. values, I = V/R just as for a d.c. circuit. Phase angle
¢ is, of course, 0° and has no particular significance.

INDUCTIVE REACTANCE

When a circuit consists only of pure inductance, the alternating
current induces an alternating back e.m.f. in the coil which acts in
such a direction (remember Lenz's law?) that it opposes the applied
voltage at every instant of time. This effectual opposition to the
flow of current becomes greater as the frequency increases since the
rate at which the current changes increases and the induced back
e.m.f. becomes greater.

This opposing effect of inductance (which must nor be confused
in any way with the ordinary resistance of the material from which
the inductor is wound) is known as the inductive reactance; this is
denoted by X and is measured in ohms.

Applying Ohm’s law, we then have

XL= yf where X = oL or 2afL. ohms

Vand I are r.m.s. values and L is in henries. X[ is therefore directly
proportional to inductance L and frequency f.

What is the phase relation between V and 1? This time they are
not in phase; in a purely inductive circuit, the current lags the volt-
age by 90° or n/2 radians. Fig. 10.6 shows the phasor diagram for
this situation. Keep this relationship in mind.

L +
v
. I
I ; /
’
’
’
v ’
~ 7 ;
rtimeor
/ ','onglo
v 1}
‘n-
|

Fig. 10.6. In a purely inductive circuit | lags V by 90° and
/1= V/X L

Here are a couple of worked examples about inductive resis-
tance.

3. A coil has an inductance of 0-3H. What current will flow in the
coil when it is connected to a 10V, 500Hz supply?
We need to find first the reactance 6f the coil:

X =2nfL=2r x 500 x0-3 ohms
=942Q

Current | =¥(f= % =0-0106A

=10-6mA

In all such problems, simply replace resistance with reactance
and apply Ohm’s law.

4. A coil has a reactance of 12509 in a circuit where the supply
frequency is 3k Hz. What is the inductance of the coil?

Again, X = 2nfL from which, by rearrangement, we get
L=gap =y L0 = 0-066H
=66mH
CAPACITIVE REACTANCE

When a capacitor is used in an a.c. circuit, it experiences a
periodic process of charge and discharge as it attempts to make the
voltage across its terminals equal to the voltage of the supply.
Consequently, an alternating displacement current flows in the
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circuit just as though the capacitor was behaving merely as a
resistance, though in reality, no current actually passes through the
capacitor.

This resisting effect is known as the capacitive reactance X, and
is measured in ohms. Its actual magnitude depends upon the
capacitance and the supply frequency and is expressed by

where C is in farads. Notice in this case that as C or f become
larger, the reactance becomes smaller.

Now the current flow will be 4 maximum when the capacitor is
uncharged, that is, at the instant the applied voltage is zero, and
will be zero when the capacitor is fully charged, that is, at the
instant the applied voltage is a maximum. Interpreting this on a
phasor diagram, we find that the current will lead the voltage by
90°. Fig. 10.7 shows the condition this time.

N

I
f’L.vT

-<)>

Fig. 10.7. In a purely capacitive circuit | leads V by 90° and
1=V/X,.

S. Find the reactance of a 10pF capacitor when connected to a
supply of frequency (a) SOHz, (b) SkHz.

Here the capacitance C=10x 10 6 farads.

(a) X, == I o8
<= InfC ~Inx 50X 10
108 .o
= -=31830
106 10
(b) Xe=spx3000%x 10 7 > 182

Hence, as the frequency increases from SOHz to SkHz, the reac-
tance decreases from 318:3Qto 3-18Q.

6. Find the value of the capacitor which takes a current of 0-1A
from a 10V, 2kHz supply.
We first need to find the reactance:

Xe=) = o0 = 1002

Then since X, 3 IE%'C we have by rearrangement

1 108
CTaxE o
_ 10 _10_,
C=3mx3000% 100~ 4~ O8KF
Get into the habit of setting 108 into the expression for X, the
capacitance can then be entered in pF.

()
v=1Z
- R.=
z
L R
L
v
r\l VR zIR ¢\
telerence I R
Fig. 10.9. Phasor diagram and
Fig. 10.8. The series  impedance triangle for an L-R
L-R circuit. series circuit.
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IMPEDANCE

The voltage-current relationship for any a.c. circuit having
non-ideal components is known as the impedance Z. Impedance is
the combined effect of resistance and reactance, both of which are
present in any real life circuit.

Let us look at the practical inductor, which not only has induc-
tance but an effective resistance built into its windings. This can be
considered in the form of the circuit shown in Fig. 10.8, where a
pure inductance is taken to have a resistor in series with it. This
resistance may be solely the resistance of the coil winding or it may
include any additional external resistance.

To find out what happens in such a L-R circuit we turn to the
phasor diagram which will show us the actual relationship existing
between the applied voltage V and the circuit current I. We are
now working in r.m.s. values.

Since we have a series circuit, we take the current I as the
reference phasor. Now looking at Fig. 10.9a we draw Vg in phase
with the current reference, and Vi leading the current by 90°
(current lags, remember). The supply voltage must be the phasor
sum of Vg and V, obtained by addition, that is, the diagonal of the
parallelogram made up from Vg and V. This resultant voltage V
leads the current by phase angle ¢.

From the triangle containing phase angle ¢ we see that the sides
are made up from the phasors Vg=IR, V  =1X and V=1Z. By
eliminating the common current 1 from these, we can draw a
similar triangle with sides R, X and Z. This impedance triangle as
it is called is seen in Fig. 10.9b; since it is a right-angled triangle,
the relationship between the sides can be readily found from
Pythagoras, and so

o X
Z = JRZ+X? and tan¢=TL

'Z' means that this is the **modulus™ of the impedance, that is
the actual numerical value in ohms.

These simple relationships enable us to find the impedance and
the phase angle of any series L-R circuit.

7. A coil having a resistance of 85Q and an inductance of 45mH is
connected to a 1kHz, 5V supply. Find the circuit impedance, the
phase angle, and the current drawn from the supply.

Here R=85Q, L=45x 103H, f=103Hz, V=5V

Find the reactance of the coil first:
XL=2nfL=2n103x45x103Q

The 10% and 103 terms cancel out, hence X =2n x 45=283Q

Then (Z|=/R¥+ X2 =/852+2832=./87314=295Q

tan ¢ =k =283-3.33

¢ =arctan 3-33=73-3 lagging
The current drawn I = L =0017A or 17TmA
1Z7 295

The solution of the impedance and phase angle could be ex-
pressed as Z/ ¢ or 295/73-3° . This is known as the polar form. We
can also express Z in the form Z=R+jX which is the complex
interpretation. You will no doubt meet these methods in due
course. They are very powerful mathematical ways of solving
complicated circuit problems.

C AND R IN SERIES

It should be no great problem at this stage for you to derive the
impedance and phase angle expressions for a series C-R circuit as
shown in Fig. 10.10.

Again, current is the reference phasor, with Vg in phase with |
and V. lagging I by 90°. (I leads V. by 90° in a capacitor). The
phasor diagram of Fig. 10.11a then follows, the addition of Vg
and V. giving the resultant supply voltage V. The impedance tri-
angle of Fig. 10.11b is then found exactly as it was for the induc-
tive circuit above: it is similar to the L-R triangle except that the
capacitive reactance X, is in the opposite direction to the inductive
reactance X. Then, as before, we find

N X
Z/=/RZ+ X2 andtan ¢=—RC

Now follow the next example carefully and then attempt the
self-assessment problems for yourself.

8. A series circuit is made up of a 2uF capacitor and a 330 ohm
resistor. The circuit supply is 30V, 250Hz. What is the circuit
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Fig. 10.10. The series C-R circuit.

(a) (b) c
reference | R
VR R —iF
¢ R z v R
v X
’\‘ 0! «—O

Fig. 10.11. Phasor diagram and im-
pedance triangle for a C-R circuit.

Fig. 10.12. A coupling problem.

impedance, the current drawn from the supply and the voltage
across the resistor and the capacitor?

C=2x10%F, R=330Q, f=250Hz, V=30V
Working as we did for the previous example we have

to 1kHz in 200Hz steps. On the same axes plot the graph of
reactance X. for a 2-5uF capacitor over the same frequency
range.

What comments can you make about the shapes of the
curves? At what frequency does Xy = X.? (This is known as the
resonant frequency).

1 106 10 2 2 o os
X.= ="_=318Q 6. The impedance |Z| of a certain coil is measured as 50002 at a
2nfC ~2m X 250% 2 frequepcy of 796Hz and as 800 when the frequency is doubled.
Th 1Zl = 13182 = _ What is the inductance and resistance of the coil?
en 12| \/3302 i \/210024 45802 7. Use scaled phasor diagrams to add together the following
V 30 voltages or currents, expressing the resultant in the form
I= ZITas = 0-0655A or 65'SmA ¥ sin(wt + é)or f sin(ot+ ¢):
& 318_ . (a) =50sinwt,  v,=>50sin(wt+ n)
b=arctan 0-964 = 44° leading (b) =20 sin wt, va=12 sin(mt——z—)

Voltage across R=1R =0-0655 x 330=21-6V
Voltage across C=1X_=0-0655 x 318 =20-83V

This brings us to the end of the present series. I hope you have
all gained something from it, perhaps useful revision for those
who have already gone through the mill, and more confidence for
those who are making a first attempt to get to grips with a bit of
electronic-orientated mathematics.

PRDBLEMS

- A 5mH coil has a reactance of 125-7Q2. What is the frequency of
the supply?

2. At what frequency will a 100uF capacitor have a reactance of
6-37€2? What will be its reactance if the frequency is doubled?

3. A resistor of 48Q is in series with a capacitor of reactance 64Q.
What is the circuit impedance and phase angle?

4. The circuit of Fig. 10.12 shows the coupling between two tran-
sistor stages of an oscillator. If 1V is present across the input of
this circuit at that frequency when X, = R, what will be the volt-
age across R?

5. Plot a graph of reactance X| (vertical axis) against frequency
(horizontal axis) for a coil of inductance 50mH over the range 0

. Subtract 80 sin(628t—

(© §1=10sin500t, iy=15sin(500t—3)

—ﬁ—) from 120 sin 628t. What is the
frequency of these signals? What is the r.m.s. value of the
resultant?

Last Month’s Answers
1. 9-56V,10-6V. 2, 909kHz, 1-lps. 3.
4, 25V 17-7V; 25Hz, 0-04s.
s, n,® Sm 2; 5w 51t31tlln

100Hz.

1'2657'3‘3‘ FTe m

the rotary switch must be a “make’ -before-

break action type.

with David Barri ngton

TALK

Digilogue Clock

Apart from the printed circuit board, the
only other items required to build the
Digilogue Clock that could be classed as
non-standard are the one inch high digital
displays. These are the common cathode
types and were purchased through Maplin
code FAQ4E. Other displays can, of course,
be used but check the pinout details first as
the line-up can differ from device to device.

The click switches (code FF87U), caps
(code FF94C) and red filter sheet (code
FR34), to cover the digital displays, were
also obtained from the above source. The
crystal should be readily available and is
usually found listed under “Timing Crystals”
sections in catalogues. They are certainly
listed by Cirkit and Maplin.

Finally, the printed circuit board will ac-
cept either 5Smm or 8mm l.e.d.s. However, if
you decide to use the 8mm types do not
forget to upgrade the ‘mains adaptor” as
recommended.

Visual/Audio Guitar Tuner

The only item you need to be care-
ful about when stocking up parts for the
Visual/Audio Guitar Tuner is to make sure
you specify “high brightness” l.e.d.s when
ordering. .

Although the article calls for 18-turn cer-
met presets, it appears that 20-turn and
22-turn are the most popular ones stocked.
Either way, 18-turn to 22-turn should be
suitable for this circuit.

Hobby PSU

There are a few important points to note
when selecting parts and building the Hobby
PSU project. The most important being, that
this unit involves making mains connections
and any person unsure of being able to carry
this out safely MUST seek help from a
qualified person.

The l.e.d. used must be a “‘constant cur-
rent” type with noseries resistor required and
be capable of 3V to 12V operation. Also
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Experimental Seismograph

The only items that are likely to cause
concern when shopping for items contained
in part two of the Experimental Seismograph
are the hardware components. All the
“electronic” parts appear to be off-the-shelf
devices.

The lead weights will have to come from a
Scuba Diving shop, or you could, of course,
improvise. Your local bicycle shop or motor
spares store should carry the stranded steel
or alloy wire, i.e. bike brake cable. We have
been reliabily informed that “grape vine”
wire is stocked by garden centres.

We cannot foresee any component buying
problems arising for both the Main and
Receiver boards of the Audio Auxiplexer.

The special full-bridge p.w.m. motor driver
i.c. type UDN2953B used in one of the
Circuit Surgery items is listed by Electromail
(W 0536 204555), code 6563-547.

All printed circuit board prices and code
numbers for this month’s constructional
projects can be found listed in the PCB
Service, page 803.
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Photo CD Goes

Professional

For five years now Kodak has been
taking space at consumer electronics
shows to promote Photo CD as a
domestic product. But Photo CD has
now become what it always should have
been, a valuable professional, business,
and industrial tool that will eventually
spin off down into some consumer-~
applications. At the Chicago Consumer
Electronics Show in late June (full report
next month) Kodak pushed only in-
dustrial applications for Photo CD.

| have always wondered why Kodak
made such obvious mistakes when
launching Photo CD. People want paper
prints of their snapshots, to carry around
and show friends. They do not want to
plug in electronics and switch on a TV
set, or carry round a portable CD player
with LCD screen.

But professional photographers want a
more £onvenient way to store images,
and industry needs a better way to search
and display stored images. Photo CD
provides the perfect way to access
photographic quality images with a
computer. As more people use personal
computers in their homes, the idea of
storing family snapshots on CD will
follow logically.

Development

Visting Kodak’s HQ in Rochester, NY
(quite close to Canada and the Niagara
Falls) | got the chance to ask Kodak's
people how the company came to make
the basic mistake of launching a stand-
alone Photo CD player as a consumer
product.

In 1980 Sony announced Mavica, the
still picture camera that records on a
floppy disk instead of film. “This"”, admits
Kodak, “caused quite a stir, and we didn’t
like what we saw"’. The knee jerk reaction
was a clumsy move into the consumer
market with an NTSC 8mm camcorder
sourced from Panasonic.

This was soon abandoned and the
European launch of PAL system was
cancelled. Kodak’'s still picture photo-
graphic disc camera was pretty unsuc-
cessful too. How often do you see
anyone shooting disc film today?

In the late eighties Kodak's laboratory
in Rochester started looking at the idea of
storing photographic images on CD. By
1989 they had a prototype system work-
ing and were talking to Philips about
setting a standard, and making disc re-
corders and players. Photo CD was an-
nounced in autumn 1990 and went on
sale two years later. Kodak admits that the
format is not yet profitable.
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by Barry Fox

Although Photo CD was launched as a
consumer product, by 1993 half of all
sales were commercial. The 1993 figure
was a 60/40 split, with industrial applica-
tions ahead of consumer sales. Talking
recently to high street photo dealers, who
offer a Photo CD service, they are doing
very little domestic business, my bet is
that the industrial market share will very
soon be 75 per cent and go on rising into
the 90 per cents. Then PC. users with
ROM drives may create a new consumer
base.

High Level Picture

Kodak's original place was for Photo
CD to be a high level still picture format
inside the CD-i standard. Philips vetoed
this idea. So Kodak went off on its own,
and developed the dedicated Photo CD
player which Philips manufactured and
Kodak sold alongside Philips’ higher
priced CD-i players. Philips had by then
modified CD-i to play Photo CDs. But a
PCD player will not play CD-i discs.

This confused the market. Stand-alone
Photo CD only sold well in Germany, and
certainly not in the US and UK. Kodak
admits that it ordered too many table-top
PCD players.

Stand-alone Photo CD players are
now being virtually given away for the
price of an audio CD player. This has let
Philips reduce the price of CD-i players.
While PCD prices were high Philips was
barred by agreements with Kodak from
selling PCD-capable CD-i players for
less. ’

All the marketing thrust is now on
industrial applications such as portable
Photo CD players, which plug into a TV
set, and access software that lets a PC
with ROM drive read Photo CD discs.
Kodak charges no royalty on the PCD
name or logo, seeing the format as es-
tablishing the company’s name in the
electronic imaging field.

In a logical development, Panasonic
has just demonstrated a notebook com--
puter, with built-in ROM drive to take
8cm Photo CDs. These discs, the size of
a CD single, have a third the storage
capacity of a full size 12 cm disc, which is
neatly the equivalent of one 36 exposure
roll of film.

Hybrid System

Photo CD is of course a hybrid system
which uses inexpensive “‘wet film photo-
graphy” to capture the image, a high cost
opto-electronic scanner to convert the
analogue film image into digital code,
industrial optical recording technology to
store the code on a CD, and a low cost

. CD player technology to retrieve the

image from the disc.

This hybrid approach makes sound
sense when you consider the cost of
opto-electronic imaging. Kodak has now
developed an image sensor for a still
picture camera that finally matches the
resolution of film. The sensor has six
million pixels and incorporates a red,
green and blue mosaic filter to give
colour. At this resolution there is only
a nine micrometre space between in-
dividual pixels.

Forward Error

Correction

The only way to make sensors of this
complexity and precision is to assume
that each and every one of them will
have at least some defective pixels, and
use forward error correction. Each sensor
comes with its own defect map, which
is downloaded into a ROM chip in the
camera.

This map tells the electronics in the
camera how to disguise defects, by
blanking the faulty pixel, and replacing its
signal with an average taken from the
good pixels around it. Even so the cost is
still between $25,000 and $30,000 per
sensor.

Compare that with the cost of a re-
spectable photographic camera (£100 or
so), a roll of film (a few pounds) and
processing (a few pounds more) and you

" see why the hybrid approach is the

only practical way for most users to
store full photographic quality images
electronically. :

The Way Forward

The forward error correction tech-
nique used for the new sensor gives an

. interesting pointer to the way consumer

video camera and projection technology
may move. If just one pixel in the LCD
for a video camera or projector fails, the
picture is forever blemished with a red,
green or blue dot that becomes increas-
ingly irritating the more the picture is
viewed.

(You will often see this on airlines
which use seat back LCD screens for
inflight entertainment; the airlines have
bought the LCDs cheap and most have
visible defects.)

Might we perhaps see a consumer
system which allows the user of an LCD
screen or sensor to identify a faulty pixel,
perhaps by moving a cursor over the
screen, and then eliminate and replace its
signal with an average of the remaining
good pixels around it?
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Low cost data acquisition for IBM PCs & compatibles

Easy to use data acquisition products that allow your PC to be used as a range of useful test and measurement instruments,
or as an advanced data logger. Installed in seconds they simply plug into the parallel port (except the ADC-16 which connects
to the serial port). They require no power supply and take up no expansion slots. Each comes with a comprehensive manual.

PicoScope ‘Virtual instrument so_ftware. Storage
b scope with trigger, timebase, rulers

e R B .

— and offset. Real time spectrum

analysis with min/max frequency and
signal averaging. Multiple meters on
screen (digital and bargraph). Printer
and file handling support.

Advanced data logging software
package. Collect, store, display and
print data from 1 sample per ms to 1
U per day. Record average, min/max or
4 = scaled values (linear, equation, table
- look-up). Report types: monitor (with
min/max alarms), y-t graphs, x-y
graphs, tabulation

Prices The ADC-10/11/12 are avail-

ADC-10 with PicoScope £4g able with both Picqspope and
Agc-ﬁ :vv;th PilcoScoge gg5 PicoLog for an additional £10.
ADC-12 with PicoScope £85 Existing ADC-10/11/12 users
ADC-16 with PicoLog  £115 ¢an add Picolog for £25.

Software drivers are included for users who wish to write their own software. Software supplied on 3.5" disk.

NEW 1426 /00 Virtual Instrument

‘?w Pico Technology Ltd. Broadway House, 149-151 St Neots Road, Hardwick, Cambridge CB3 7QJ, UK
——

TEL: 0954-211716 FAX: 0954-211880

Phone or FAX for sales, ordering information, data sheets, technical support. All prices exclusive of VAT.

Single channel of analog input
8 bit resolution 22kHz sampling (ADC-10)
12 bit resolution 18kHz sampling (ADC-12)
(sampling speed based on 33MHz/386PC)
0-5V input range

BNC input allows use of scope probes

ADC-10/12

Dual Channel 12-bit resolution
The ADC 100 offers both a high sampling
rate (100kHz) and a high resolution. It is
ideal as a general purpose test instrument
either in the lab or in the field. A flexible input
range (+200mV to +20V) allows the unit to
connect directly to a wide variety of signals.
® Digital Storage Scope @ Chart Recorder
® Spectrum Analyser @ Data Logger

® Frequency Meter ® \oltmeter
ADC-100 with PicoScope £199

ADC-100 with PicoScope & PicoLog £209

PICO TECHNOLOGY

ADC-100

SEETRAX CAE - RANGER - PCB DESIGN
Rangerl £100 Ranger2 £599
* Schematic capture linked to PCB All the features of Rangerl plus
* Parts and wiring list entry * Gate & pin swapping (linked to schematic)
* Ontline (footprint) library editor * Track highlighting
*Manual board layout * Auto track necking
* Full design rule checker * Copper flood fill,

* Back annotation (linked to schematic)
* Power,m _.y and signal autorouter - £50

All systenis upward compatible, Trade-in deals available.
Call Seetrax CAE for further information\demo packs.

Tel 0705 591037 Fax 0705 599036
Seetrax CAE, Hinton Daubnay House, Broadway Lane;
Lovedean, Hampshire, PO8 0SG

All trademarks acknowledged-

* Power planes (heat-relief & anti-pads)-
Rip-up & retry autorouter

Ranger3 £3500

All the features of Ranger2 plus

* UNIX or DOS versions

* 1 Micron resolution and angles to 1/10th degree
* Hierarchical or flat schematic

* Unlimited design size

* Any-shaped pad

* Split power planes

* Optional on-line DRC

* 100% rip-up & retry, push & shove autorouter

Outputs to:

* 8/9 and 24 pin dot-matrix printers

* HP Desk/Laser Jet, Canon BJet, Postscript (R3 only)
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constructional Project

EXPERIMENTAL

JOHN BECKER

Tune in your computer to the
seismic singing of intra-planetary

rock and roll.

cuits which detect seismic events

and detailed their construction. This
month we conclude the project by showing
how a PC-compatible computer can be
interfaced to the detectors.

COMPUTER
INTERFACE

The block diagram for a PC-compatible
computer interface circuit is shown in
Fig.12. Its practical circuit is detailed in
Fig. 13.

All processed signals from the sensor
circuits are first brought into separate
buffer stages formed around two quad
op.amps which are both designated as
IC15. Only the components associated with
sensor channels | to 4 are shown in detail.
Channels 5 to 8 are brought to an identical
network shown only in block form.

Taking the network for Channel 1, the
signal passes through R56 and C23 to the
unity gain buffer IC15a. The inclusion of
R56 and CI9 helps to reduce higher-fre-
quency signal noise levels. Resistor R60
provides a bias voltage of +2:-5V as set by
R64, R65 and C27. Except for having dif-
ferent identity numbers, components for
signal Channels 2 to 4 have identical func-
tions to their counterparts in Channel 1.

Both quad-buffer op.amps are powered
at +12V/-5V so that their outputs can be
swung fully between OV and + 5V, to suit
the standard input range of the analogue-
to-digital converter (ADC). If this circuit is

I AST month we described the cir-

used in‘other applications, the input volt-
age to the-buffers must not allow their out-
puts to swing outside the 0V/+ 5V range.

From their respective buffers, the signals
are routed to the 8-way analogue multi-
plexer IC11. The selection of which path is
routed to IC11 output X at pin 3 is deter-
mined by the address code on IC11's con-
trol pins 9 to 11. The analogue voltage level
on ICI1 pin 3 is converted to a digital
equivalent by ADC ICI2.

IC12 is a 6-bit flash ADC whose digital
outputs B1 to B6 and OFL (overflow) are
connected to the DO to D6 data lines of the
computer. (The software listing ignores the
OFL status.)

Presets VR7 and VRS control the ADC’s
reference voltage levels, against which the
conversion value is calculated. The ADC
converts the analog input voltage to its
equivalent decimal value each time the
clock input pin 7 is taken high.

The clocked conversion, though, is not
immediately transferred to the ADC data
outputs. It is first stored in an internal
register, and then transferred to the out-
puts on the next clock conversion pulse. It
is important to note this point when the
ADC is being fed from a multiplexed signal
source. Although the multiplexer’s output
holds the analog signal for one channel, the
ADC’s outputs may hold the converted
data for the previously selected channel.
This is why in the software listing, two
reads of the ADC data are made, with the
data of the first read being ignored.

ANALOGUE MULTIPLEXER

DATA

ADC

i

T T

SENSOR
CIRCUITS

ADORESS
OECODER

/l

ADORESS COMPUTER

N\

Fig. 12. Block diagram for the PC-compatible Interface.
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Normally in this circuit, ADC outputs
Bl to B6 and OFL are held in a high
impedance state. For outputs Bl to B6 to
become active, control pin CE must be high
and control pin CE must be low. The OFL
output can be read any time that pin CE is
high, irrespective of the status of pin CE.

INTERFACE
ADDRESSING

For use with a PC-compatible computer,
the controlling of the ADC clocking and
output status has to be synchronised with
address-decoded signals specific to the ex-
pansion socket of the computer.

With PC-compatibles, all expansion
sockets can be accessed by read or write
calls to addresses in the range &H300 to
&H3I1F (decimal 768 to 799). With this
interface circuit, address decoding has been
simplified so that any read or write call to
one of four blocks of addresses activates
the ADC. The block chosen is &H300 to
&H307, as determined by the address
decoding circuit around 1C9a and IC10.

Although the p.c.b. is hardwired for the
above address block by the tracked con-
nection to IC10 pin 14, the track could be
cut and connected to any of IC10 pins
12, 10 or 7 to select one of the other
three address blocks permitted, in ascend-
ing address order.

Multiplexer IC11’s path selection is con-
trolled by the outputs of the hex type-D
flip-flop IC14, which in turn is controlled
by the computer data lines and a write call
to the address decoder block. Data from
computer lines DO to D2 is sent to the
equivalent data inputs of IC14. On receipt
of a clock signal on its pin 9, IC14 clocks
the input data through to the Q0 to Q2
output registers. The clock signal is derived

- from the negative-going combination of

the computer line and IC10 output pin
14 through OR gate 1C9b.

OTHER
COMPUTERS

It has not been verified, but it seems
probable that some non-PC-compatible
computers could make use of the interface
circuit, with appropriate changes to the
software, of course.

The likeliest circuit-changing route to
pursue with a computer which has a User
port, such as versions of the BBC or the
C64 for example, is as follows. Omit IC10,
connect the inputs of 1C9a to the OV line,
and connect together pins 1 and 8 of IC9b.
Then connect the WR track to computer
line D7, and the RD track to computer line
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COMPONENTS

Approx cost

guidance only

£ 2 8 excluding penduiums

R56 t

VR7,

IC9

1IC10
ic11

1IC12
IC13

IC14
iIC15

Resistors

PC-COMPATIBLE See
INTERFACE S

TALK

o R59, Page

R64, R65 1k (10 off) (see text)
R60 to R63 220k (8 off) (see text)

Potentiometers

2k sub-min cermet
preset (2 off)

VRS

Capacitors
C191t0 C22 1pradial elect 63V

(8 off) (see text)

C23t0 C27 47uradial elect 16V
C281to C31

(9 off) (see text)
100n polyester (4 off)

Semiconductors

74HCA4075 triple 3-input
Or gate

74HC138 1-0f-8 decoder

74HC4051 8-way analog
multiplexer

CA3306 6-bit flash
analog-to-digital converter

74HCO04 hex inverter

4174 hex type D flip-flop

LM324 quad op.amp (2 off)
(see text)

ATN (Attention) or its equivalent. Since
computer line D6 is not actually used by
the example software, its tracked connec-

tion to

IC12 pin 2 could be cut, enabling

the line to be used instead for WR control.

It is

regretted that neither the author

nor EPE can make suggestions for modify-

ing the

circuit. or software, to suit other

computers.

Miscellaneous

Printed circuit board (double-sided) available from EPE PCB Service, code 898, , 14-pin
d.i.l. socket (4 off), 16-pin d.i.l. socket (3 off), 18-pin d.i.l. socket, 24 s.w.g. tinned copper
wire for links, solder-braid for erroneous solder-short removal, 1mm terminal solder pins,
solder, wall screws and Rawplugs (quantity, length and size to suit wall bracket), plastic
food tray about 6 inches X 5 x 1.5 (L x W x H), any normal engine oil (to fill tray),
insulating tape, about 12lbs (5-44kg) of weight (e.g. 3 off 4ib scuba diving lead weights)

GOLITSYN PENDULUM
Dexion type 140 siotted angle steel lengths: 60 inches (2 off), 36 inches minimum (2
off), about 15 inches for miscellaneous brackets, triangular bracket plate, nuts and bolts (9
off), hacksaw or loan of Dexion guillotine-type cutter. 4-way nylon 13 amp connector strip,
shackles (approx 1.5 inches long) (2 off), stranded steel or alloy wire e.g. bicycle brake or
gear cable (approx 55 inches)

VERTICAL

PENDULUM
4-way nylon
13 amp connec-
tor strip, rigid
steel wire e.g.
gardener’s grape
vine support wire . Popmwanm

(length to suit vl ) " e
application : a?
see text), wall
bracket (size
about 4 or 6
inches), 6-inch
round nail, 2
inch oval ferrous
nail.
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Fig. 13. Full circuit diagram for the PC-compatible Interface. Only Sensor channels one to four are shown in detail.
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PENDULUM
CONSTRUCTION

Details of the vertical and Golitsyn pen-
dulums are shown in Fig. 16 and Fig. 17.
As discussed earlier, the choice of which
type to build will depend on the space
available and which earth movement fre-
quencies you wish to monitor.

An oil bath is used with both types of
pendulum. This dampens . the pendulum
swing once the ground wave movement has
passed. Both types should be shielded from
draughts by, for example, an old curtain,
sheets of cardboard, or stiff paper.

Scuba diving lead weights were used as
the mass for the test models. They had the
advantage of being heavy but small, and
already owned! There are many scuba
diving shops around the country as it is an
increasingly popular sport. Any other com-
pact weights could be used instead. The
choice of using 12 lbs (5.44kg) was some-
what arbitrary, based only the fact the
original EE seismograph used about the
same weight.

It is essential to use rigid wire for the
vertical pendulum since stranded wire
could try to untwist, thus affecting the
sensor alignment. Gardener’s grape vine
wire was used because a length was to
hand. Bicycle gear cable was used for the
Golitsyn pendulum support as it too was to
hand. Stranded or rigid wire may be used
with this pendulum since twisting is not an
obvious problem.

Both types of wire, though, may tend to
stretch over a period of several days after
the pendulums have been installed, requir-
ing realignment of the sensors. They will
eventually settle-down.

Golitsyn's pendulum was made from
Dexion type 140 slotted angle steel
(another workshop spare!). Other strong
rigid materials could be used instead, as
shown in the original EE article. Purists
may be correct in thinking that the
horizontal swing beam should be made of a
light weight material, such as aluminium,
since the beam’s weight will affect the
actual centre of pendulum mass.

The vertical support beam was screwed
to a thick supporting buttress of the garage
wall as this was more solid than the wall
itself. Thin walls may be subject to non-
seismic vibration.

ALIGNMENT

If there is a choice of mounting position,
it is suggested that the Golitsyn beam is
aligned sideways facing West/East, which is
the most likely direction from which the
most powerful seismic waves will originate.
If there is room, a second beam can be
aligned in a North/South direction.

Beam and framework lengths may be
changed to suit materials to hand and in
respect of different frequencies to which the
pendulum is to be tuned. Much retuning,
though, can be done by moving the weights
along the beam, so shifting the centre of
mass. In retrospect, the author believes it
might have been better had the swing beam
been made somewhat longer.

The vertical support beam should be
fixed to the wall first, loosely securing
it by a single screw somewhere near the
middle. Next bolt and fix the remaining
parts. Do not screw the base beam to
the floor. With the weights on the swing
beam, adjust the support wire length until
the beam swings freely. Carefully pivot
the vertical beam about its screw until the
swing beam is in line with the base beam.
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Golitsyn type pendulum showing details of the improvised mass and oil damping
bath.

A second pair of hands is useful at this
time to dampen the erratic swinging of the
beam. Tighten down the screw. Drill holes
at other points in the wall behind the
vertical beam through the slot holes and
fix with screws. Make sure that the sup-
port is solidly secured.

For interest, the photograph shows part
of the prototype's Golitsyn pendulum as
squeezed into a crowded garage.

SENSORAND
MAGNET
ATTACHMENT

Attach the sensor to its bracket using
insulating tape and connect a cable be-
tween it and its circuit. Over 15 metres of
signal cable were used to connect the three
sensors in the garage, through the ceiling,
to the circuits in the workroom upstairs.
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Fig. 16. Details and measurements for the vertical pendulum.
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Two side-by-side lengths of 4-core cable
were used. feeding to two sensors in paral-

P 1 . SHACKLE(APPROX 1-5LONG)
lel, and to one on its own. Probably, a S MR R AHE e RORHON & Mrég;l'u;rg"seseé.ﬁ -
single length of 5-core cable could have O OF SUPPORTING BRACKET TINCH = 25-4 mm
been used.

For the sake of drawing simplicity,
and because pendulums may be consider-
able distances apart from each other, the
wiring details in the p.c.b. layouts of Fig.
10 and Fig. 11 (last month) show each
sensor connected to a 3-core cable. None
of the cables or interconnecting wires
in the seismograph were found to need

SUPPORTING WIRE

screening.
The sensor is slightly light sensitive and 13 AMP TYPE PLASTIC
5 Q g . TERMINAL BLOCK
its face should be covered with insulating a3
tape.

a

OEXION ANGLE 2 INCH
LENGTH MAMMEREOD FLAT

SHACKLE[APPROX 1 SLONG)
THROUGH TOP HOLE OF
BRACKET

SHACKLES MAY BE OMITTED
THOUGH AT RISK OF WIRE
ABRASION

ANGLE BRACKET —e

SWING BEAM —e

ENQ VIEW OF SWING BEAM

TOP VIEW OF BEAM ENO
SLOT INBEAM ENO FITS
O O INTOIAT RIGHT ANGLES |
SIMILAR SLOT N SUPPOR $ LBtis
PUATE ALLOWING HINGED
MOVEMENT OF DEXION
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TOGE THER

(]
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- DEXION
VERTICAL SUPPORT —-|

SENSOR

1| SENSITIVE SURFACE
PLATE FORWAROS

SENSOR {SOLATEO FROM ANO
ATTACHED TO SUPPORT USING
INSULATING TAPE

d

Fig. 17. Detajls and measurements for the Golitsyn type pendulum.
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CONSTRUCTION

Component layout details for the com-
puter interface board are shown in Fig. 14,
Its double-sided track layouts are shown in
Fig. 15.

Before assembling this board, insert it
into one of the computer expansion sockets
and check that the tracks line up with the
socket terminals. If necessary, gently file
down the board edges until it fits snugly
into the socket.

The second side of the track layout in
Fig. 15 is full of solder pads, but it is only
the six tracks which plug into the com-
puter socket which have any function. Ter-
minal pins must be soldered in to the holes
provided to connect these six tracks to their
counterparts of the main track side. The
board is not through-hole-plated. No sol-
dering to the other pads on this side is
necessary.

All the link wires on the component side
must be inserted and soldered.

Because board design space was limited,
both sets of resistors R56 to R63 need to
be mounted vertically. Note the auxiliary
drawing for R60 to R63 which shows the
upper wires of the resistors commonly sol-
dered together. Unwanted input-path com-
ponents can be omitted.

The . output socket to the computer
should be chosen and wired to suit the
number of sensors, plus one pin for the 0V
line.

SOFTWARE
PRELIMINARIES

The author has split his suggested
software into three Listings, combined
copies of which are available from the
Editorial Office (see opposite page).

Listing 1 contains the main routines and
has been written principally for use with
GWBasic running on a computer having
an EGA screen (screen mode 9). Addi-
tional routines, though, have been written
into the software to make it compatible
with QuickBasic and also with CGA
screens (screen mode 1). It is believed that
VGA screens will respond correctly to the
EGA commands. The routines specifically
for QuickBasic users only are shown in
Listing 2.

For use with GWBasic only, three of the
sub-routines have also been written in 8086
machine-code as well as in Basic. The code
data (in a condensed format) and its loader
routine are shown in Listing 3. It believed
that the 8086 codes used are compatible with
all members of the 86/88 processor family.

Listing 3 should be typed in as a separate
program. When typing in the data lines,
take care not to confuse numerals 0 and 1
with letters O and I. The decoding routine
has a check-sum count for each line to help
with typing error detection.

Two of the 8086 routines, the output-to-
printer and the time-condense routines
can be run with CGA and EGA screens.
The 8086 routine for data playback,
though, will not work with a CGA screen.
None of the 8086 routines will run with
QuickBasic.

All readers should note the REM state-
ments at the head of Listing 1.

Readers who use GWBasic should omit
the routines shown in Listing 2, and MUST
run the routine of Listing 3 before Listing 'l
can be run.
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Fig. 14. Interface printed circuit board component layout. This board is
available from the EPE PCB Service, code 898.
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Fig. 15. Full size, top and bottom, copper foil master patterns for the double-sided Interface board.
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QuickBasic users should omit Listing 3,
and MUST also delete all lines in Listing
1 which commence with the statement “IF
QB=0" and all routines stated as being for
GWBasic only.

Experienced programmers will recognise
that after lines specific to their Basic inter-
preter have been typed in, a variety of
conditional (IF..THEN) statements can
be simplified, or even deleted. QuickBasic
users could also delete most line num-
bers except where they are associated with
GOSUB and GOTO statements. All REM
statements can be omitted.

The softwaie has been written for
monitoring up to eight sensors (seven for
QB users due to memory space restric-
tions), as selected near the head of Listing
1. If any of the listings are rewritten or
added to, any new variables used must be
initialised amongst those near the start of
Listing 1. Failure to do so could result in a
complete system hang-up, requiring the
computer to be switched off and then
reloaded.

The reason for this is that in order
to avoid a lot of string manipulation,
which could result in a *“‘garbage-collec-
tion™ delay during an important recording
sequence, data destined for the disk file or
printer is poked into specific string loca-
tions. Any change to the addresses of these
strings, as could happen by the introduc-
tion of uninitialised variables between calls
for VARPTR values, will cause data to
be wrongly located. even into the area
reserved for the Basic or machine code
software.

SOFTWARE
OPERATION

There are four menu options provided
by the software, constant recording, trig-
gered recording, playback from disc, and
time-condense. With the first three options,
all sensor data is plotted to the screen.
From an additional menu selection choice,
plotted waveforms may also be output to
the printer during the first three options.

During recording, screen space permit-
ting, two additional composite traces of
condensed waveforms can be displayed
below the main sensor traces. Whereas
the main traces show about five minutes
of data, the condensed traces show 60
minutes and 12 hours respectively. The
sensor count and screen mode determines
which, if any. of the condensed traces are
displayed (study the Listings for infor-
mation). Screen trace timings may vary
depending upon which computer and Basic
language are used. The recording time per
page can be extended by the inclusion of a
delay loop.

With both recording modes, when first
called from the menu. a random-access file
is opened and automatically named with
the current day's date (as YYMMDD -
year, month, day). Should the file be closed
and re-opened on the same day, recording
will recommence from the previous end of
the file. Files are updated with fresh blocks
of data each time the waveform traces com-
plete their course across the screen. Simul-
taneously, current time and date informa-
tion is recorded as well. (No routine has
been written to monitor the time-related
sync pulse train from the tape recorder
signal.)

When in constant record mode, each
consecutive screen data block is recorded
to disk without pause.

In triggered record mode, data is
normally recorded into the latest, but

unchanging, file address. Only if a triggered
event is detected, when the waveform
amplitude exceeds a preset level, will the
file address be updated. It will then again
be updated for a minimum of two
additional data blocks, after which, if no
further triggered event has occurred,
current data will once more be written into
the new static address.

The reasoning behind this process is
that information about the waveform im-
mediately prior to the event can be as
important as the event itself, and this
technique ensures that at least one full
block of previous data is recorded.

Further updating of the file address for a
couple of blocks beyond the event ensures
that continuing seismic shocks below the
trigger level are also recorded.

The trigger threshold level is not change-
able as a menu option (although it could be
made so) but is set by the value of variable
TRIG in the initialisation sequence near
the top of Listing 1. It may be given a
different value if preferred.

Be warned that recording consumes just
under 19K bytes of disk space per screen
page of three-sensor data. The use of the
triggered recording mode has obvious
benefits in terms of disk space conservation.

At any time during either recording
mode, a flag may be set which tells the
software whether or not it should print the
waveforms to the printer at the end of the
current screen page. Pressing keyboard
letter “‘p” (lower case) sets the flag, toggling
it to the opposite high or low state at each
key press. The flag status is permanently
displayed on screen. It does not change the
basic sampling rate.

Recording may be terminated and the file
automatically closed at any time by press-
ing “*” on the keyboard. Data for an in-
complete screen block will not be recorded.

PLAYBACK AND
CONDENSING

MODES

During playback mode, in which recorded
data is recalled from disk, pressing key *'p”
causes a paper printout of the screen data
to be produced, and pressing key **h™ holds
the screen until another key is pressed. The
menu can be returned to by pressing the “**
key. The keyed requests will not be actioned
until the waveform traces have completed a
full screen-page crossing.

Time-condense mode recalls recorded
data from disk, examines consecutive
groups of 12 data samples and then records
onto another file the resulting minimum
and maximum sample levels, so shortening
the time-scale by a factor of six. The
condensed file may then be replayed to the
screen. Condensed files can also be further
condensed by the same process, ad
infinitum! Recorded time and date infor-
mation is correspondingly amended on the
condensed file.

With both the playback and condensing
modes, a sub-menu option allows selection
of which file is to be viewed or condensed.
A directory of files can be called for dis-
play.

The ability to examine selected records
within a file by direct random access has
not been provided, but readers familiar
with programming should be able to insert
this option.

Routines for the printer have been writ-
ten to suit Epson protocols and should be
compatible with any Epson 9-pin or 24-
pin dot matrix printer. The line length
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EXPERIMENTAL
SEISMOGRAPH
SOFTWARE LISTING
The author’'s software program
listings are too long to per-
mit publication here. How-
ever, we will be pleased to
supply readers with a FREE
photocopy of all three listings

on request.
Please send a medium/large
sized stamped addressed

envelope (S.A.E.) to: Everyday *
with Practical Electronics,
Allen House, East Borough,
Wimborne, Dorset BH21 1PF.

required is 624 dots (the equivalent of
78 alphanumeric characters) in condensed
spacing format, horizontally covering ap-
proximately 132mm of the page.

PROCESSING
SPEEDS

Running the software complete with
machine code on an Amstrad 1640, the
playback routine can display waveform
data at a rate of about one page per
second. File condensing occurs at a similar
rate. Formatting the data for printer
output takes a fraction of a second per
screen page, though the printout itself
takes about five seconds with an Epson
LQ-550.

Readers who cannot use the machine
code will find that their equivalent Basic
routines are slower. With a three-sensor
display, per screen page it takes about 30
seconds to playback, 13 seconds to con-
dense, and about another 90 seconds if a
paper printout is requested during play-

.back.

INTERFACE
CHECKING

Type in the software listings as required
and save them under file names of your
choice. Most typing errors can probably be
corrected by running the program without
the interface connected. Resave and make
back-up copies of the debugged programs.

Connect the sensor outputs to the com-
puter interface board. Set presets VR7 and
VR8 for minimum resistance, so setting the
ADC range for maximum width. Plug the
interface into one of the computer’s expan-
sion sockets and switch on. If the computer
does not respond as normal, immediately
switch off and re-inspect the interface as-
sembly. (The computer manual will show
the correct orientation of the board in its
socket.)

Switch on the seismograph, load and run
the software. From the menu, select con-
stant record.

Moving the magnets slowly back and
forth across the sensors, the screen traces
should respond to the movements, though
not yet with any degree of accuracy. Let
the top three traces completely cross the
screen and restart at the other side. The
data should have been recorded to disk
immediately the traces reached the right
hand side. Press “*” to close the file and
return to the menu. The recorded data can
now be replayed. Try printing it to the
printer, and also condensing it.

Assuming all is well, you are now in a
position to set up the pendulums.
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Disc and bar magnets have both been
used with the sensors, the former removed
from cheap plastic figures used for mag-
netically securing paper to a steel surface.
The bar magnets came from inexpensive
spare burglar alarm magnetic contact sen-
sors, and were found to be more powerful
than the disc types. Magnetic strength may
be increased by putting two or more mag-
nets together.

Place the magnet on its swing beam
bracket, or on the bent nail of the vertical
pendulum, as appropriate. Since Dexion
and the nail are both magnetic materials,
the magnet will hold itself in position
without the help of adhesives, a fact which
facilitates alignment.

The sensitivity of the sensors will depend
on the magnet strength and the alignment
distance. A distance of about 0.3 inches (8
mm) was used with the test pendulums. It is
a matter for which trial and error applies.

It was found from practical experiment
* that placing the magnet very slightly to one
side of the sensor increased the sensitivity
response, and provided a certain amount of
directional tuning.

Alignment of the vertical pendulum is
done by shifting the position of the ter-
minal block which holds the nail, and by
sliding the magnet along the nail.

Fine positioning of the Golitsyn can be
done in several ways. Parallel alignment of
the swing beam with reference to the floor
beam can be fractionally adjusted by sliding
the far'end of the floor beam sideways. Its
weight should hold it in position. The angle
of the sensor support can be changed to vary
the magnet to sensor spacing. The angle
that the swing beam subtends to ground can
be changed by adjusting the support wire
length by means of the terminal block con-
nections and by changing the angle of the
upper wire support. The weighted end of the
swing beam must be below its pivot point.

The swing beam angle with respect to
ground plays its part in setting the tuned
frequency of the pendulum. Its best angle
is found experimentally, by gently swing-
ing the beam and timing the period be-
tween successive full swings. Slight shifting
of the weight positions will also change the
tuned frequency. It is suggested that, in-
itially, a swing period of about ten seconds
is selected.

FINE TUNING

Once the pendulums have been aligned,
return to the circuit and computer. Fine
tuning of the various preset controls dis-
cussed earlier can now be carried out in
respect of the results observed. Note in
particular that VR7 and VR8 can be ad-
justed to decrease the range of the interface
ADC. This has the effect of amplifying
the input signals. In the test model, the
reference span range was eventually set for
2V to 3V as measured on the —V REF and
+ V REF pins of IC12, respectively.

Be prepared to have to make alignment
corrections for some days after the pen-
dulums have been installed, partly because
of their settling time, and partly because
of information gained in the light of ex-
perience. Note that the pendulum move-
ments are normally only slight, and may not
be apparent to the naked eye. However, you
will probably be astonished at the amount of
seismic activity, in the broader sense of the
phrase, which is picked up by the sensors;
described in one book as “a world-wide
background of chaotic seismic noise™.

So far, the author has not recorded a
large earthquake and does not know just
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Fig. 18. Recorded amplified waveforms from three sensors. (a) continuous
five minute period and (b) condensed waveforms for a 30 minute period.
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how large a signal would be produced by
one. Iranically, at the time of the big
San Francisco earthquake of 18th January
1994 (Richter 6.6), the author was in the
middle of writing this article, did not have
the seismograph switched on, and was
unaware of the situation until too late.
(The San Francisco earthquake of 1906
registered 8.25,)

Nonetheless, the author has reviewed
many hours of interesting recorded earth
movement patterns. Many are obviously
related to traffic intensity (traces from
the vertical pendulums over the Christmas
period declined almost to zero), but other
traces will definitely have been caused
by other earth movements. Some of the
results, recorded at quite high gain settings,
are shown in Fig. 18.

When the next big seismic event occurs,
hopefully we shall all have our seismographs
running. It is also hoped, though, that ex-
amination of traces other than those caused
by earthquakes, such as traffic patterns for
example, will be of interest.

As a suggestion for additional research
and experimentation, the use of a
spring-mounted pendulum could prove
interesting. Whereas the two pen-
dulum types described essentially monitor
sideways moving ground waves, a
vertically-sprung pendulum monitors up
and down movements. Professional seismic
stations generally monitor vertical move-
‘ments as yvell as horizontal ones.

HISTORICAL
FRAGMENTS

The word seismograph comes from the
two Ancient Greek words seismos — literally
meaning earthquake, and graphikos - to
write.

The earliest known seismograph was
invented in China in A.D. 132 by Zhang
Heng (78-139 A.D.). His Earthquake
Weathercock consisted of four bronze
dragons facing outwards from each other.
Each had a ball in its mouth, one of which
was supposed to drop into the mouth of a
bronze frog below it when an earthquake
occurred in that direction! (1, 2).

Although no further details have been
found, it seems that in 1703 a certain Mon-
sieur de la Hautefeuille designed an instru-
ment which has been described as the first
Western seismograph. (2).

John Mitchell (1724-93) originated the
wave theory of earthquake transmission.

In 1855, Italian Luigi Palmieri (1807-
1896) invented a device consisting of
horizontal mercury filled tubes with turned
up ends. The movements of small iron floats
that were attached could be read off on an
intensity scale. (3).

The first modern seismograph was in-

vented in 1880 by British geologist John °

Milne -(1850-1913). His invention used a
horizontal pendulum and a pen which drew
onto a turning drum. (2, 3).

Charles F. Richter devised his logarithmic
earthquake peak intensity scale in 1935. (4).

Coming into prominence now, par-
ticularly in connection with oil prospecting
seismology, are electronic stress sensors
which, when mounted in widespread
patterns, detect the strength and direction
of ground wave movements. (4).

Boris Borisovich Golitsyn, after whom the
Golitsyn pendulum is named, was born in St
Petersburg on March 2nd 1862, dying in
Petrograd on May 16th 1916. From about
1899 onwards, it was he who was respon-
sible for laying down the foundations for
modern scientific seismometry. (5).

Earthquakes of magnitude 8.6 have oc-
curred on only three occasions in this cen-
tury. The Chilean triple earthquake of 1960
peaked at 8.9. The average annual energy
release from all earthquakes ranges from
about 1025 to 1027 ergs, 80% of which is
generated by major shocks. (4)

Shallow earthquakes are classified as
having origins down to 60km, intermediate
ones down to 300km, and deep quakes
down to 700km. From records of 5605
shocks in Italy, 90% of the earthquakes
originated at depths of less than 8km. (4).

Sources: (1) Cambridge Encyclopaedia
of Earth Sciences. (2) Timetables of
Science, ISBN 0-283-99926-8. (3) Asimov’s
Chronology of Science and Discovery. (4)
Holmes Principles of Physical Geology,
ISBN 0-442-30780-2.* (5) Dictionary of
Scientific Biography, ISBN 0-684-16965-7.

Additional reading: Everyday Electronics
October and November 1989.* Under-
standing the Earth, Open University
set book, 1975, SBN 8514-308-0.*
Earthquakes and Volcanoes, Mitchell
Beazely, ISBN 0-85533-657-9. Publications
marked with an asterisk contain more
suggestions for further reading. O
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EXPRESS COMPONENTS

MAINS IONIZER KIT. Very useful
kit that increases the flow of negative
ions, helps clear cigarette smoke, dust,
potlen etc. Helps reduce stress and
respiratory problems. £15. kit, £20
built.

COMBINATION LOCK. Electronic
9 key combination lock suitable for
alarins, cars, houses etc, easily program-
mable. Includes mains 2Arelay o/p. 9v
operation. £10 kit, £14 built.
VARIABLE POWER SUPPLY.
Stabiized, short circuit protected. Gives
3-30v DC at 2.5A, ideal for workshop
orlaboratory. £14kit,£18built. 24VAC
required.

LEADACID CHARGER. Twoauto-
matic charging rates(fast and slow),
visual indication of baitery state. Ideal
for alarm systems,emergency lighting,
battery projects etc. £12 kit,£16 built.
PHONE LINE RECORDER.Device
that connects to the 'phone line and
activates a cassette recorder when the
handset is lifted. Ideal for recording
‘phone conversations etc!. £8 kit, £12
butlt.

ROBOT VOICE. Tums your voice
into a robot voice! answer the phone
with a different voice!. £9 kit, £13
built.

PHONE BUG DETECTOR. This de-
vice will wam you if somebody is
eavesdropping on your 'phone line. £6
kit £9 built.

PIIONE BUG. Sinall bug poweredby
thetelephoneline. Only transmits when
the phone is used. Popular surveil-
lance product.£8 kit, £12'built.

STROBE LIGIIT. Baght strobe light
with an adjustable frequency of 1-60hz.
(a lot faster than conventional strobes!)
£16 kit, £20 built.

4W FM TRANSMITTER 3 RFstages,
audio preamp. 12-18vDC. Medium
powered bug £20 kit, £28 built.

3 CHANNEL LIGHT CHASER. 3x
800w output, speed and direction con-
trols, can be used with 12 led's (sup-
plied) or TRIACS for mains lights (also
supplied). 9-15v DC. £17kit, £23 built.
25W FM TRANSMITTER. 4stage, a
preamp will be required. (Our preamp
below is suitable) £79 built.(no kits).
SOUND EFFECTS GENERATOR.
Produces any thing from bird chips to
sirens! add sounds to all sorts of things
£9 kit £13 built.

FM/AM SCANNER. Well not
quite,you havetoturntheknob yourself
but you will hear things on this radio
(even TV) that you would not hear on
an ordinary radio! A receiver that cov-
ers 50-160MHZ both AM and FM. Built
in Sw amplifier. £15 kit, £20 built
CAR ALARM SYSTEM. Works on
vibration and/or voltage drop from door
etc being opened. Entry and exit delays
plus adjustable alarm duration. Low cost
protection! £12 kit, £16 built.

15W FM TRANSMITTER. 4 stage,
high powerbug.You will need a preamp
for this (see our preamp below which is
ok) £69 built. (no kits).

1W FM TRANSMITTER. 2 stage in-
cluding preamp and mic. Good general
purpose bug. 8-30VDC.

£12kit,£16 built.

BULK PACKS

PREAMP MIXER. 3 channe! input,
independent level and tone controls.
Ideal for use with the hi power FM
transmitters. £15 kit, £19 built
TREMBLER ALARM. Designed for
bikes etc, adjustable sensitivity, preset
alarmtime, auto reset. Couldbe adapted
for all sorts of "borrowable" things £12
kit,£16 built.

ULTRASONIC RADAR. A project
that can be used as amovenent detector
in an enclosed space. Range about 10
metres,12vDC. Good basis for
car,shed,caravan alarm etc.£14 kit, £19
built.

PHONE CALL RELAY. Very useful
kit that incorporates a relay that oper-
ates when the phone rings. Can be used
to operate more bells, signalling lights
etc. Good for noisy enviroments or if
you have your headphones on! £10kit,
£14 built.

PORTABLE ALARM SYSTEM
Small 9v alann system based on a mer-
cury switch. The alann contitues to
sound until disabled by the owner
Buzzer included. £11 kit £15 built.
800W MUSIC TO LIGHT EFFECT.
Add rhythm to your music wilh this
simplesound to light kit. £8 kit, £12
built.

MOSQUITO REPELLER. Modem
way to keep the midges away! Runs for

about a month on one

1.5v battery. Frequency is
set to drive away mosquitos etc. £7 kit,
£11 built
3 CHANNEL SOUND TO LIGHT.
Can be used any where as no connection
is made to hi fi. Scparale sensitivity
controls for each channel,
1,200Wpowerhandling. Microphone
included. £14 kit, £19 built.

MINI METAL DETECTOR. Detects
pipes,wires etc up to 20cm deep. Use-
ful before you drill those holes! £8 kit,
£12 built.
0-S MINUTE TIMER. Simple time
switch adjustable from 0-5 mins,will
switch 2A mains load. 12v op. Ideal for
laboratory, photographic projects etc.
£7kit, £11 built,

7WATT HI FI AMPLIFIER. Useful,
powerful amplifier 20hz-15hz, 12-
18vdc. Good for intercoms, audio sys-
tems, car etc. £7 kit £11 built.

INCAR SOUND TO LIGIIT. Put
some atmosphere in your car with this
kit. Each channel has 6 led’s thal create
a beautiful lighting effect! £10kit, £14
built.

VOX SWITCIL This is a sound acti-
vated switch, ideal for use on transmit-
ters, CB's, tape recorders etc. Adjust-
able sensitivity, built in delay. Mic in-
put. £7 kit, £11 built.
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50 I/C's for £1.50
Nice mix of chips at a bargain price!

FUSE PACK NO 2
30 mixed 1.25" fuses again ideal for
spares etc. Just £1.00

CERAMIC CAPACITOR PACK
Good mixed pack of 100 capacitors
for just £1.00

WIRE PACK
25 Metres of insulated wire for just
£1.00, good for projects etc.

ELECTROLYTIC PACK 1
100 small mixed electrolytic
capacitors just £1.00

ELECTROLYTIC PACK 2

SLEEVING PACK
100 assorted picces of sleeving for
connectors etc. Yours for just £1.00

50 larger electrolytic mixed
capacitors

DIODE PACK
100 assorted diodes for just £1.00

RESISTOR PACK NO 1
250 low wattage resistors, ideal for
most projects etc. Just £1.00

LED PACK
20 light emitting diodes for £1.00

RESISTOR PACK NO 2
Hi wattage pack, good selection of
mixed wattages and values 50 in all,

TRANSISTOR PACK
50 mixed transistors, another bargain
at £1.00

bargain price just £1.00

PRESET PACK
Nice selection of 25 mixed preset
pots for just another £11

BUZZER PACK
10 things that make a noise for just
£1.00¢

RELAY PACK NO 1
6 mixed relays for £1, thats just 17p

POT PACK
10 pots for £1, (5 different types) a
snip at £1.00

each.

CONNECTOR PACK
10 different connectors, again for £1

DISPLAYS
10 seven segment displays for
£1.00

FUSE PACK NO 1
40 mixed 20mm fuses, ideal for
repairs etc, or just to stock up the

ORDER 10 PACKS OR MORE
AND CHOOSE ONE FREE
PACK!!

spares box! Just £1.00

KITS 'N

9[;!0("0 LEVEL DETECTOR.

Useful item, can be used to detect
fluid levels in watertanks, baths, ponds
fishtanks etc. Could also be used asrain
alarm with an easily constructed sen-
sor. £5 kit, £9 built.

FM TRANSMITTER. Mini FM trans-
mitter 2 transistor, comes with FET
minature mic and is tuneable from 63 to
130MHZ. £7 kit, £11 built.
FUNCTION GENERATOR. Gener-
ates sinusoidal, saw tooth and square
waveforms from 20hz upto 20khz. Scpa-
rate level controls for each wavefonn.
24vac. £15 kit, £20 built

S WATT SIREN. Powerful siren kit
with an impressive 5 watts output. Ideal
for alarms etc. £6 kit £10 built
TELEPHONE AMPLIFIER. Very
sensitive amplifier whichusinga'phone
pickup coil (supplied) will let you fol-

FREE COMPONENT CATA-
LOGUE WITH EVERY ORDER!

MODULES

low a telephone conversation without
holding the handset to your ear! £11 kit
£15 built

'SWITCH PACK
10 switches for just £1.00

12v FLOURESCENT. A usefulkitthat
willenable youto light large flourescent
tubes from your car battery ctc. 9v mains
transfonner required. £8 kit, £12 built.

KNOB PACK
10 knobs for just £1.00

REMEMBER! YOUR FREE COPY
OF OUR CUT PRICE COMPO-
NENTS CATALOGUE SENT
WITH EVERY ORDER!!!

0273 206875
By Post...PO box 517 Hove Sussex BN3 5QZ

Payment by ACCESS,VISA, CHEQUE OR POSTAL ORDER.

Cheques and postal orders should be payable to Express Components.

ALL PRICES ARE SUBJECT TO99p POST AND VAT. Some of our products
may be unlicensable for use in the UK (particularly the FM transmitters.)
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INTER-AC

Robert Penfold

IN THE previous two Inferface articles

the basic principles of simple speech Listing. 1: Experimental Speech Recognition Program

recognition systems were covered, to-
gether with some simple hardware. In
this month’s article we will consider the
software side of speech recognition.

It is actually this aspect that represents
the real difficulty when trying to produce
a practical system. The human brain is
very good at stripping away informa-
tion that is irrelevant, and interpreting the
parts of the data that are pertinent.

If the same word is spoken by a
hundred different people, there will prob-
ably be a wide range of different pronun-
ciations. Some strong accents might give
difficulties, but in general there would be
no difficulty in understanding the same
word- spoken by a hundred different
people of mixed sex and from different
parts of the country. Furthermore, sub-
tleties in the way a word is spoken can
convey different meanings, and most
humans have no difficulty in interpreting
differences in meaning due to changes in
the intonation of the voice.

Stupid Computers

Some claim that computers are highly in-
telligent and capable machines, while others
suggest that they are really quite stupid bits
of electronics. Tasks such as number crunch-
ing show computers in a good light, but an
application such as speech recognition tends
to leave computers looking rather stupid.

The problem seems to be that there is
no way of reducing speech recognition, or
any similar application that involves com-
plex pattern recognition, to a simple mathe-
matical process that the average computer
can handle in real-time. A few compromises
therefore have to be accepted when using a
simple speech recognition system.

The main one is that anyone using such a
system must endeavour to always say each
word in a reasonably standard fashion. Also,
if a simple speech recognition system is used
by several people, they must each use their
own version of the software, and “teach”
the system their renderings of the words
that must be recognised.

The difference in the data produced by
two people speaking the same word is often
quite remarkable. The differences in the data
can be quite small for two similar voices, but
reliability is always likely to be better if each
person uses a system based on their own
word samples.

Teach-In

The system is “taught” a key word by
repeating it five times so that the computer
can work out a sort of average set of data.

(Q Basic for IBM PC and compatible)

DECLARE SUB average (intake¥(), accum¥%())

DECLARE SUB accumulate (intake%(), accum¥())

DECLARE SUB again (intake¥%(), accum¥())

DECLARE SUB clearscores (scoreX())

DECLARE SUB compare (store%(), score%())

DECLARE SUB printscore (score%(), words() AS STRING)

DECLARE SUB menu (intakeX%(), accum®(), store%(), scoreX(), words()
AS STRING)

DECLARE SUB sample (intake%())

DECLARE SUB storeit (element AS INTEGER, word AS STRING, intakeX(),
storeX(), words() AS STRING)

DECLARE SUB learn (intake%(), accum¥(), store%(), words() AS STRING)
DECLARE SUB try (intakeX(), accum¥%(), store%(), score¥(), words() AS
STRING)

REM Speech Recognition Experimental Program
REM QBasic for IBM PC and compatible

DIM intake%(25, 2)
DIM accum¥(25, 2)

DIM store%(25, 2, 5)
DIM score%(5)

DIM words(5) AS STRING

DO
menu intakeX(), accum%(), storeX(), score¥(), words()
LOOP UNTIL O

SUB accumulate (intake%(), accum%())

FOR s = 1 TO 25
FOR ¢ =1 TO 2
accum¥(s, c¢) = accum¥(s, c) + intake¥(s, ¢)
NEXT ¢

NEXT s

END SUB

SUB again (intakeX(), accum¥())
FOR samples = 1 TO 5
LOCATE 9, 5
PRINT "Say the word now..."
sample intake%()
LOCATE 9, §
PRINT SPACES(19)
accumulate intakeX(), accum¥()
LOCATE 11, 5
PRINT SPACES(18)
NEXT samples
END SuB

SUB average (intake%(), accum%())
FOR s = 1 TO 25
FOR ¢ = 1 TO 2
intake%(s, ¢) = accum¥(s, ¢) / S
accum¥(s, c) = 0
NEXT ¢
NEXT s
END SuB

SUB clearscores (scoreX%())
FORw=1T0 S
score¥(w) = 0
NEXT w
END SUB
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SUB compare (storeX%(), score%())
clearscores score%()
FOR word = 1 TO 5
FOR c = 1T0 2
FOR s = 1 TO 25
IF ABS(store%(s, c, word) - store%(
scoreX¥(word) = score¥(word) + 1

DIM NewwWord AS STRING * 10

cLs o
LOCATE 3, 5
PRINT "Learn a word”
LOCATE 5, 5
PRINT "Please type in the word"
Do

LOCATE 7, 5§

INPUT Newword
LOOP UNTIL Newword < ""
again intakeX(), accum%()
average intake%(), accum¥()

DO
LOCATE 13, S
PRINT "Store as word no.(1 - 5)?"
LOCATE 15, 5
INPUT wordno
LOOP UNTIL (wordno > 0) AND (wordno < 5)

storeit wordno%, Newword, intakeX%(), store%(), words()

END SUB

Hopefully, in use the data received each time
the word is spoken will never deviate far
from the averaged pattern stored in the
computer's memory.

Over the years I have tried speech recog-
s, ¢, 0)) < 10 THEN nition systems based on several methods of
pattern matching, and most failed to work at

END IF

NEXT s all. The demonstration program shown in
NEXT Listing. T uses the only method I have found
NEXT word to work at all well, and this does not use the
data in its raw form. Instead, each sample is

END SuB . .
compared to the previous one, and a series

SUB learn (intake%(), accum%(), store%(), words() AS STRING) of differences are stored in memory.

These values are then compared with each
of the averaged samples, value by value. A
point is scored if the error is within ac-
ceptable limits. The averaged sample which
achieves the highest score provides the best
match.

As the accompanying program is largely
self explanatory there is no point in giving a
detailed description of its use. It is for Q
BASIC, as supplied with any recent ver-
sion of the MS/DOS operating system. The
hardware must be connected to drive “Pos
0” and "Pos 1” of the games port (as des-
cribed in last month'’s article).

The program is only intended to
demonstrate the basic principles involved,
but it could presumably be developed to the
point where it could be used in a practical
system. Unfortunately, integrating anything
of this type into existing applications

SUB menu (intakeX(), accum¥%(), store%(), score¥(), words() AS programs is probably not a practical

STRING)
DIM Char AS STRING

CLSs o

LOCATE 3, 5

PRINT " PLEASE SELECT”
LOCATE 7, 5

PRINT "1. Learn a word”
LOCATE 9, 5

PRINT "2. Recognise a word”
LOCATE 11, §

PRINT "3. Exit"

LOCATE 15, §

PRINT "Press number key”

DO

DO

Char = INKEYS

LOOP UNTIL Char < ""

¢ = VAL(Char)
LOOP UNTIL (c > 0) AND (c < 4)
IF ¢ = 1 THEN learn intakeX(), accum¥(), store%(
IF ¢ = 2 THEN try intake%(), accumX(), storeX%(),
IF ¢ = 3 THEN END
END SUB

SUB printscore (score¥(), words() AS STRING)

FOR word = 1 TO §
LOCATE 12 + word, 5
PRINT words(word)
LOCATE 12 + word, 20
PRINT scoreX%(word)

NEXT word

END SUB

SUB sample (intakeX())

DO WHILE STICK(0) = 0

LOOP

FOR s = 1 TO 25

FOR ¢ = 1 TO 2
intakeX%(s, c¢) = STICK(c - 1)
NEXT ¢

NEXT s

BEEP

LOCATE 11, 5

PRINT "Sample complete”

END SUB

proposition.

), words()
scoreX%(), words()

SUB storeit (element AS INTEGER, word AS STRING, intakeX(),
storeX¥(), words() AS STRING)
FOR s = 1 TO 25
FOR ¢ = 1 TO 2
store%(s, c, element) = ABS(intakeX%(s, c) - intake%(s - 1, c))
NEXT ¢
NEXT s
words(element) = word
END SUB

SUB try (intakeX(), accumX%(), store%(), score%(), words() AS STRING)
cLs o

LOCATE 3, 5

PRINT "Recognise a word”

LOCATE 5, 5

PRINT "Say the word now..."

sample intakeX()

storeit 0, "dummy”, intakeX(), store%(), words()

compare store%(), scoreX()

printscore scoreX(), words()

LOCATE 20, 5

PRINT "Press any key to continue...”

00 .
k$ = INKEY$S
LOOP UNTIL k$ « ""
END SUB
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DOWN TO
IEAIR T

___George Hylfton—

GRAPHS SAVE MATHS

Drawing a graph can save a lot of
calculation. Needing a ready-made 9V
d.c. power source for battery operated
equipment, | found in my junk box an oid
Sinclair ZX mains adaptor. Rated output:
9V at' 1.2A. More than adequate for
the average portable radio or tape re-
corder, which might draw around 25mA
when idling, rising temporarily to a few
hundred milliamps when playing loud
music or rewinding.

However, a meter check showed that
the off-load output voltage was 15V. Too
high. Even when loaded with a 12V, 1A
car bulb the voltage was still nearly 12V.
For safety, some sort of voltage-reducing
add-on was needed. The surplus voltage
would be enough to operate an i.c. volt-
age regulator with a 9V stabilised output.

LM317 REGULATOR

The spares cabinet contained some
LM317T voltage-regulator i.c.s mounted
on small heat sinks, bought at bargain
price from an FPE advertiser. (I knew
they’d come in handy some day!) The
LM317 is a variable regulator whose
voltage can be set (in the simplest circuit,
shown in Fig. 1) to anywhere in the
range 1:25V to 37V, by selecting two
resistances, R1 and R2. The regulator
drops 3V minimum and this would be
available from my adaptor even at fairly
high outputs.

DISSIPATION

Ideally the i.c. should be fitted into the
plastic case of the adaptor. Would it get
too hot? In search of guidance | turned to

the Texas Instruments data book on linear
i.c.s. (The LM317 is a National Semicon-
ductors type, but several makers list it, in-
cluding T.l.). The data told me that the
LM317 will dissipate up to two watts in
free air at 25°C. The air inside the adaptor
wouldn’t be exactly free, but the dissipa-
tion wouldn’t be as much as 2W.

At 15V input and 9V output the i.c.
would drop 6V. To dissipate 2W at 6V
would need a current of 333mA. But by
then the voltage would be less than 15V,
And anyway, 333mA would be unlikely
to be needed for long periods, and then
there was the small heat sink ... Worth a
try! (In fact, when built the unit was left
to run all day with a 60mA load, with no
signs of trouble).

VOLTAGE SETTING

So far, so good, but what about R1
and R2? The various circuits in the Texas
data show values of R1 from 120 to 1200
ohms, with a most frequent value of 240
ohms. The voltage drop across R1 is
1:25V for all values. This is the key to
design, 1-25V is the reference voltage of
the stabilizer.

not their actual resistances. However,
the applications circuits suggest that it
should be safe to choose R1 broadly
around 2409Q. Once R1 is chosen R2
comes from the ratio.

Example: The required Vpyr is 5V.
Make R1=270Q. Vgut/1:25=4, so, after
deducting the 1 we have R2/R1=3; i.e.
R2=3x R1. With R1=270Q, R2=810%,
which is conveniently close to an E12
value, 820Q.

GRAPHING THE FORMULA

It might be handy to be able to find
R2/R1 for any output voltage, without
doing any arithmetic. The solution is to
draw a graph of the revised formuia. It
turns out that the “curve” is really a
straight line, so any two known points
(pairs of values for Vgyr and R1/R2) are
all you need to plot it. For accuracy it’s a
good idea to use two points which are at
opposite ends of the curve. If R2=0 then
R2/R1=0 and Vgoyr=1-25V. This is the
minimum output voltage with the circuit
shown. The maximum, fixed by the volt-
age rating of the LM317, is 37V. This gives
R2/R1 =28-6. Our two key points are thus

Whatever current
flows through R1 o 0

Vout 20 30 ‘06

also flows through 1
R2 and the sum of ]
the voltage drops 1

P
A A,

across R1 and R2 is
the output volt- I
age, Vour. Addi- 20

7

A

tional current Iy also ]
flows in R2 butis so | /Rl

small  (50pA  typi- 15
cally, 100pA max.) i
that its effect on 1

Vout is negligible lo:
provided that R1 d
and R2 pass a ] /

7

/] .

swamping current of 5 7 7

a few milliamps. d
The upshot is that :fo// #(//
if R1=R2, each I e e

resistor drops 1:25V
and the output is

L S L

Vout

2:5V. For larger
values of R2, every R2/R1 valyes.
R1-worth of resis-

tance drops another 1-:25V; e.g. if R2=10
times the value of R1, it drops 12:5V and
soVoyr=12-5V+1-:25V=13-75V,

DESIGN FORMULA

This behaviour leads to the formula
given by the data:

Vour=1-25 (1+R2/R1) volts

Fine, if you want to calculate Vgyr, but
you don’t. You choose Vgyt to meet your
need. What you really want to know is
how to choose R1 and R2 so as to get
what Vgyr you need.

The formula can be manipulated to

give
R2/R1=(Vgut/1:25V) —1
This gives only the ratio of R2 to R1,

O+
vout
VREF [1+R2/R1}

o

1 i [=Vour
1]
é__
ADJ - VIN
31t
LM3IT7T
(PIN 2 CONNECTED TO CASE }

Fig. 1. Simple voltage regulator circuit
using an LM317.
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Fig. 2. LM317T pinout connections.

Fig. 3. Voltage outputs plotted against potential divider

1-25 horizontal, 0 vertical and 37 horizon-
tal, 28-6 vertical. Joining these with a
straight line (Fig. 3, upper curve) enables
any intermediate values to be read off.

OPENING THE SCALE

Covering the full range of output volt-
age gives a scale which is a bit hard to
read at lower voltages. To make things
easier | have plotted a second curve
(lower line) for Vgyt up to 8V. Using the
appropriate scales you can see at a glance
that for Voyr=5V, R2/R1=3, which is
harder to read from the upper curve. It
would be quite possible to plot only
that segment of a curve which embraces
values round about your chosen Vgyr
and so obtain even greater reading ac-
curacy, but there’s not much point, be-
cause resistor and i.c. tolerances limit the
precision by which Voyr can be set. If a
very precise Voyr is needed then R1 or
R2 must be presettable.

For the record, | used for my nominal
9V output R1=330Q, R2=22004, these
being the nearest E12. values. They give a
ratio of 6-7 instead of the required 6-2.
The output should then be 9-6V. In fact it
was 9-7V (because of tolerances). On the
assumption that some 9V batteries can
give voltages close to 9:7V when new |
settled for that.
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BTEC TUTOR

Certificated Supported
NA T I/ O N A L
COLLEGE O F
TECHNOLOGY

DISTANCE LEARNING COURSES

Update and reskill at home or in your workplace training centre with these highly
practical industrially approved short courses. There is no travelling so commence at
any timeon....

Electronic Testing & Fault Diagnosis
Analogue Electronics
Digital Electronics
Fibre/Optoelectronics
Programmable Logic Controllers

Courses are supplied with NCT training workbooks, audio cassette lecturettes, PCB'’s,
instruments, tools, components and leads as necessary for each course. Continuous
tutor support and BTEC certification is available as an option from NCT. Individual
course certificates can be credited towards a BTEC Continuing Education Certificate
which is at NVQ level 4. For the latest information on courses and your options write or
telephone:
National College of Technology, NCT Ltd., PO Box 11
Wendover, Bucks. Tel: (0296) 624270

“BOFFINS SPECIAL" -
UNIQUE OFFER

VARIABLE VOLTAGE
TRANSFORMERS

INPUT 220/240V AC 50/60
OUTPUT 0-260V

Price P&P
0.5KVA 25ampmax  £31.90 £6.00

(£44 53 inc VAT)
£7.00

(£56 58 inc VAT)
£8.50

1KVA 5 amp max £41.
2KVA 10 amp max £59.

(£79 78 inc VAT)
3KVA 15 amp max £78.6! £8.50
(£1 02.40 inc VAT)
SKVA 25 amp max £139.15
(Plus Carriage)
Buy direct from the Importers. nest prices in the country
COMPREHENSIVE RANGE OF
TRANSFORMERS-LT-ISOLATION & AUTO
110-240V Auto wanster etther cased Amencan socket and
mans laad or open frame type Available for mmedhate deirvery

WIDE RANGE OF XENON FLASHTUBES

Write Phone your enguirias

ULTRA VIOLET BLACK LIGHT
FLOURESCENT TUBES
41140 watt £12.00 (catters only) (£14.10 inc VAT)
211 20 wan £7.44 + £1.25 plp (£10.21 inc VAT)
12in 8 watt £4.80 + 75p p&p (£6.52 inc VAT)
9in 6 watt £3.96 + 50p p&p (£5 24 inc VAT)
6in 4 watt £3.96 + 50p php (C5.2‘ inc VAT)

230V AC BALLAST KIT
For esther 6in, %in or 12in tubes £6.05+ £1.40
plp (ca 75 inc VAT)
400 WATT UV LAMP
Only £38.00 + £4.00p8p  (£49.35 inc VAT)
160 WATT SELF BALLASTEO BLACK
LIGHT MERCURY BULB
Available withB.C. or E.S fitting
Price inc VAT & pbp £25.56

12V D.C. BILGE PUMPS
500 GPH 15H head 3 amp £19.98

1750 GPH 15h head 3 amp £34.55 “)2
Also now available S ..

24V 0.C. 1750 GPH 15t head

5amp £36.55

All designed to be used submerged. ‘9/

PRICES INCLUOE P&P & VAT
EPROM ERASURE KIT

Build you own EPROM ERASURE for a fraction of the

price of a made-up unit kit of pans less case includes
\ZIn 8 watt 2537 Angst Tube Ballast unit, par of bi-pin
leads, neon indicator, on/ofl switch_ safety microswitch and
circuit £15.00 +£2.00 £19.98 inc VAT

SUPER HY»UGHT STROBE KIT
Designed for Disco, Theatrical use etc.
Approx 16 joules. Adjustable speed £50.00+ £3.00 p&p
(£62.28 inc VAT)

Case and reflector £24.00+ £3.00 p&p  (£31 73inc VAT)
SAE for further details including Hy-Light and in-
dustrial Strobe Kits.

Surpius Precision Medical Unit, internally in excel
lent condition. Designed primarily 10 eject a precise
controllable amount of fluid from a medical syringe
(latter not supplied) Contains the following remov-
able components' Dual Micro Processor Boards and
EPROMS. Escap Precision 12V DC Motor with
300:1 Gear Box and oplncal encoder coupled 10 a

drive h Mains supply
with 6 x 1.6V Ni- Cad AA. cells back-up. LC.D
Digital read-out 17mm high with legends. Audible
warning.
These are soid for the dismantling of the exceptional
quality components. Ri remo Cm:uuu available
Ridiculously low price: 00 p&p

(£28. mc VA!!

12vD.C. GEARED MOTOR
12V D.C Reversible precision-built Motor Output
speeds no load approx. 12V-26 rpm; 9V-20 rpm; 6V-12
rpm. Wil work at lower voltages and still retain a
reasonable torque Ideal for robotics etc. Size: L
40mm. W 29 mm. H. 39mm. Shaft. 3mm dia x 10mm
long Price: £8.00 +50p p&p (£10.001nc VAT)

240V AC CENTRIFUGALBLOWER
New Manuf. Surplus Skeleton Blower sutable for
mounting inside an enclosure o0 cool equipment
Oveull 526 130 x 110 x 85mm. Outiet 80 x 35mm
mpellor 60mm dia. x 60mm fong. Price £14.10 inc
D&D&VAT)

SEWING MACHINE MOTOR
Brand new 220/240V AC/DC SEW-TRIC 2 lead Brush
Motor Size L 100mm x H. 70mm x W. 55mm. Spindle
% . dia. x 11n. long. Price £14.10 inc p&p & VAT)
GEARED MOTORS
7I RPM 20ib inch torque revevsable nsv AC in.

and for 240V AC
opavanon Price inc VAT & p&p £27.73.

SOLID STATE EHT UNIT
Input  230/240V AC, OQutput approx 15KV.
Producing 10mm spark Built-in 10 sec timer,
Easily modified for 20 sec. 30 sec to continuous.
Designed for boiler ignition. Dozens of uses in the
cw of phyucs and electronics. eg supplymg neon

tc. Pnce £8.50 +£2 40
p&p(CIZ BI nc VAT) NMS

SAVE POUNDS I
Build your own forged bank note detector. Can
detect counterferts smongst a quantity of notes.
Complete kit of parts less case, 240V a.c., includ-
ing 6° pV black hight tube, starter and holder. a parr,
b1.pin tube holders. Total price including p&p &
VAT only £13.99.

MICROSWITCH
Pye 15 amp changeover lever microswitch, type $171
Brand new. price 5 for £7.06 inc VAT & p&p

WASHING MACHINE WATER PUMP
Brand new 240V AC tan cooled. Can be used for a
vanety of purposes. Inlet 1%in.. outlet 1in dia. Pnce
-ncludn p&p & VAT £11.20 each or 2 for £20.50

SERVICE TRADING CO “vm

57 BRIDGMAN 'OAD CHISWICK LONDON W4 5B8

Showroom open TEL: 081-9951 5 0549
Monday/Friday ACCOUNT CUSTOMERS MIN ORDER £10 Palklnz Spece,
e e
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LOOKING FOR...

ICs %

TRANSISTORs x SEMIs?
especially those hard to find?

Why not give us a buzz?
WE STOCK A MASSIVE RANGE

We specialise in devices with the following prefix
(to name but a few):
2N 2SA 2SB 25C 2SD 2SJ 2SK AN BA BC BD BDT BF
BFR BFY BFX BU BUK BUT BUV BUW BUZ CA DTA
HA IRFLALBLCLFLMM MC MJ MJE MM MPS
MPSA MPSU NE RC SAA SAB SDA SISL SN STA
STKSTRTATBATCTDATIP TEA TL UAA ULN UPC
XRZN ZTX ... plus daily arrival of new numbers.

ALSO
RESISTORS % CAPACITORS * CHOKES * CABLES
LEADS * CONNECTORS * VIDEO HEADS % DRIVE BELTS
SWITCHES * TTL * CMOS % OP AMPS *x VOLTAGE REGS
SPECIAL FUNCTION * TRANSFORMERS ETC ETC ETC

WE SPECIALISE IN PHONE & FAX MAIL ORDERS

BY CREDIT'CARD E

Callers & Mail orders welcome

CRICKLEWOOD ELECTRONICS

40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET

TEL: 0814520161 & 081450 0995 FAX: 081 208 1441
11! CATALOGUE DUE OUT AUTUMN 1994 !!!
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FLECTRONICS PRINCIPLES
SOFTWARE

from E.P.T. Educational Software (Tel: 0376 514008)

If you are looking for a means of improving your knowledge of
the basics of electronics then this software is for you.

Electronics Principles 1l covers: Electronics Principles 11 is a major revision of the successful original
* Insulators, Conductors, Resistance version currently used by electronics hobbyists, schools, colleges, and
* D.C. Circuits for training within industry throughout the U.K. and overseas. Some
* Capacitance and Inductance of the modifications are as a result of feedback from teachers, but
* A.C. Series Circuits mostly the changes are due to making greater use of the available
* A.C. Parallel Circuits improvements in software development technology. Text has been

* Reactance and Impedance

* A.C. and D.C. Power

* Frequency and Tuned Circuits

* Using Numbers

% Complex Numbers, Phase Angles
* P.N. Junction Diode

% Transistors

%* Operational Amplifiers

removed from the screen and is now selected by the F1 key. This
provides a larger screen area on which to develop the circuit diagrams
and calculations, greatly improving the graphics presentation.

The individual sub-menus are changed to selection buttons, this
makes all those topics available within a module, clearly visible to
the user. The layout of the calculations is considerably enhanced,
firstly by providing the formulae used and secondly by showing the

* Logic Gates calculation steps, exactly as in a textbook; the advantage here being
* Digital Number Systems that you can input your own values. '

* Combinational Logic Mouse selection is 1mproved' by increasing the screen range over
* Flip Flops which the button may be clicked. There are several additional
* Counters and Shift Registers screens, developing further previous topics and a new program
* Memory illustrating microprocessor registers and the operation of a
% Microcomputer operation micro-computer.

Having reviewed a dozen, or more, educational software packages designed to “teach” electronics, I was more than a
little sceptical when 1 first beard about Electronics Principles: there seemed to be little that could be done that has not
been done elsewhere. When | started to use the package my views changed. Indeed, | was so impressed with it that |
quickly came to the conclusion that Everyday with Practical Electronics readers should have an opportunity to try the
package out for themselves! — MIKE TOOLEY B.A. Dean of Faculty of Technology, Brooklands Technical College

Over 200 menu driven screens with interactive graphics enabling a
learning by doing approach to encourage experimentation.

Complete package Only £49.95 inc. VAT. . Demonstration disk avatlable

lectronic Principles 11 or GCSE Maths
NEW VERSION 2.0

(state which)
send £2 (Overseas orders send £3
ELECTRONICS P.C. TOOLBOX VERSION 2.0 includes P&P

New extended and improved version of the popular Toolbox software.
Presents commonly used formulae in a way that makes calculations easier
thus encouraging experimentation in circuit design. GCSE MATHS

Covers D.C. Calculations from Ohm’s Law to Loading a Potential Div- A series of programs covering all the major topics
ider; Further D.C. Calculations from Power Ratio Decibels to Kirchhoff's  required by the school syllabus. Designed to be
Laws; A.C. Calculations from Average Peak Current to Filters and Admit- user friendly enabling you to study or revise in
tance; Capacitance Calculations from values to RC Time Constants; In- hat byl' . y-m e
ductance Calculations from value to Selectivity; Binary Calculations from hod V;;C )e P xsl:m ! }::resdl 3 9 d ﬁef':’ pRLels
Addition to 2’s Complement; Numbers and Phase Angles from additionto ~ W3Y- There are JIEELN AR 0 LIDHSIREe] £Ty b IS
Polar to Rectangular; Operational Amplifiers from Inverting Op-Amp to d“"e'! screens with nteractive graphics, enabling a
Op-Amp Differentiator. Only £19.95 ; ‘learning through doing’ approach to encourage ex-

nly 95 inc. VAT perimentation. Now being used in many schools

FREE While stocks last each Toolbox Version 2.0 ordered will be throughout the U.K.

supplied with two different EPE ““Calculation Corner™ wall charts covering Only £49.95 inc. VAT
D.C. and A.C. Electricity.

These programs require a PC (or fully compatible system) running DOS with an 80286 or better processor and
VGA (ideally colour) graphics. In addition you must have 4Mb of hard disk space, a high density (1-44Mb) floppy
drive and at least 640K of RAM. We also recommend the use of a mouse. Site licences are available — please enquire.

Distributed by Direct Book Service, 33 Gravel Hill, Merley, Wimborne, Dorset, BH21 IRW. (Mail Order Only).
Add £1 per order for UK post and packing. Make cheques payable to Direct Book Service.
Direct Book Service is a division of Wimborne Publishing Ltd. publishers of Everyday with Practical Electronics.
Tel: 0202 881749. Fax: 0202 841692.
Visa and Mastercard orders accepted (minimum credit card order £5) ~ please give card number, card expiry date and cardholders address if different
to the delivery address. Orders are normally sent within seven days but please allow a maximum of 28 days — longer for overseasorders.
OVERSEAS ORDERS: Add £2 postage for countries in the E.E.C. Overseas readers, outside the E.E.C. countries add £3 for airmail postage.
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DIRECT
BOOK
SERVICE

The books listed have been
selected by Everyday with
Practical Electronics editorial
staff as being of special
terest to everyone involved
in electronics and computing.
They are supplied by mail order
direct to your door. Full order-
ing details are given on the last
book page. For another selec-
tion of books see next month’s
issue.

ELECTRONIC PROJECTS -BOOK 1

Published by Everyday Electronicsin association
with Magenta Electronics.

Contains twenty of the best projects from previous issues
of EE each backed wnh a kit of components. The projects
are: S Il Sea Sy EE T Hunter, Mini
Strobe, Digital Capacitance Meter, Three Channel Sound
to Light, BBC 16K Sideways Ram, Simple Short Wave
Radio, Insulation Tester, Stepper Motor interface, Eprom
Eraser, 200MHz Digital Frequency Meter, Infra Red Alarm,
EE Equaliser loniser, Bat Detector, Acoustic Probe, Mains
Tester and Fuse Finder, Light Rlder— (Lapel Bad{ge Disco
Lights, Chaser Light), Musical or,
Tilt Alarm, 1OW Audio Amplmev, EE Buccaneef Induction
Balance Metal Detector, BBC Midi Interface, Variable Bench

Power Supply. Pet Scarer, Audio Signal Generator.
128 pages (Adsize)  (MUNGNUDNAAN €245

ELECTRONICS TEACH-IN 88/89 —

INTRODUCING MICROPROCESSORS

Mike Tooley BA (published by Everyday
Electronics)

A complete course that can lead successful readers to the
award of a City and Guilds Certificate in Introductory
Microprocessors (726/303). The book contains every-
thing you need to know including full details on register-
ing for assessment, etc. Starting with basic terminology,
integrated circuits, logic families and numbering systems
the text builds in stages, with revision and assessments
built in, up to programming, languages, flow charts, etc.
The course is ideal for the newcomer to the subject.

80pages (44 size) €245

Special Everyday Electronics Books

ELECTRONICS TEACH-IN No. 3 -
EXPLORING ELECTRONICS
{published by Everyday Elsctronics)
Owen Bishop
Another EE value for money publi aimed at
of electronics. The course is designed to explain the work-
ings of electronic components and circuits by involving
the reader in experimenting with them. The book does not
contain masses of theory or formulae but straightforward
explanations and circuits to build and experiment with.
Explonng Electronics contains more than;n 25 useful

LAST FEW
ORDER NOW

d

no p!
andi is spln into 2B easuly dngesnble sections.

88 pages (Adsize) £2.45

ELECTRONICS TEACH-IN No.4
INTRODUCING DIGITAL ELECTRONICS (published
by Everyday Electronics)

Michael J. Cockcroft
Although this book is primarily a City & Guilds Introduc-
tory level course (726/301), approximg

formation forms a very basic inig

Puctory text

for begunners ang book for GCSE

50R™"

General are given.
The City & Guilds introduction to module 726/30!
reads: “A candid. who satisf ily p this

&G assessment, details of
dandi

module will have a _Competence to identify basic com-
ponents and digital integ and them
together to form snmple workung circuits and logic units.”
This provides an introd to the book.

ELECTRONICS TEACH-IN No.5 GUIDE
TO BUILDING ELECTRONIC PROJECTS
Published by EVERYDAY ELECTRONICS
Due to the d d from stud hers and hobbyists
we have put together a range of articles from past issues of
Everyday Eloc!ron'lcs that will assast those involved with
the of proj

The book ins the pl Pm/oc! Develop
for GCSE series.

Contents: Features - First Steps in Project Building;

glecTRoNiC ELECTRO
Tﬁ%mﬁ = TEACH

and circults by  iNVOIIngG he 4
s inapenaive sxpevimonts e and
us krowiedge

b
@ Conlains many um« wc,nh "

%u

City and Guilds™
Certificate Course

Building with Vero; Project Development for GCSE; Get-
ting your Project Working; Guide to Printed Circuit Boards;
Choosing and Using Test Equipment - The Multimeter,
The Oscilloscope, P.S.U.s, Logic Probes, Digital Fre-
quency Meters, Slgnal Genemors, etc; Data - Circuit

Symbols; C . Identifying Com-
ponents; Capacnors Actually Doing It - Undefstand-
mg the Circuit Diagram, f‘- p Codes, M 9
circuit boards and Und Capacil

Pr j - Lie D ; P | Stereo Amplifier; Dngn-
tal Experi 's Unit; Qui Siren Effects Unit;
UV Exposure Unit; Low-cost Capacitance Meter; Personal
Radio.

88 pages (A4 size) £296

ELECTRONICS TEACH-INNo.6

DESIGN YOUR OWN CIRCUITS

{Published by Everyday with Practical Electronics)
Mike Tooley B.A.

This book is designed for the beginner and experienced
reader alike, and aims to dispell some of the mystique as-
sociated with the design of electronic circuits. It shows how
even the relative newcorner to electronics can, with the right
approach, design and realise quite complex circuits,

Fourteen mdwtdual p.c.b. modules are described which,
with vari modificati should allow anyone
to design and construct a very wide range of different
projects. Nine “hands-on” complete DIY projects have
also been included so readers can follow the think-
ing behind design, bly, i testing and

her with d “mods” to meet
individual needs. The practical pro;ecls have each been
designed to stand on their own as complete items of
equipment. P.C.B.s for all the modules and projects are
available by maif order.

The subjects covered in each chapter of the book are:
Introduction and Power Supplies; Small Signal Amplifiers;
Power Amplifiers; Oscillators; Logic Circuits; Timers;
Radio; Power Control; Optoelectronics.

The nine complete constructional projects are; Ver-
satile Bench Power Supply; Simple Intercom; Bench
Amplifier/Signal Tracer; Waveform Generator; Electronic
Die; Pulse Generator; Radio Receiver; Disco Lights Con-
troller; Optical Communications Link.

136 pages FKL

'er

GUIDE TO BUILDING
ELE\.TRONIC PROJEC:

-u 1.
VERYOAY
nn,wo-.-u‘

Computers and Computing

HOW TO CHOOSE A SMALL BUSINESS
COMPUTER SYSTEM
D. Weale
This book is for anyone intending to buy an IBM com-
patible computer system, whether it is then first system or
a repl There are { on h
tion and systems programs and how to actually make your
choice as well as sections on the law, ergonomics and a
glossary of common terms.

The text contains many useful tips and some warnings
{which could save much effort and expense)
114 pages Order code BP323 £4.96

UNDERSTANDING PC SPECIFICATIONS
R. A. Penfold

AN INTRODUCTION TO 68000 ASSEMBLY
LANGUAGE

R.A.&J. W. Penfold

Obtain a vast increase in running speed by writing pro-
grams for 6BO0 based micros such as the Commodore
Amiga, Atari ST range or Apple Macintosh range etc., in
assembly language. It is not as difficult as one might think
and this book covers the fundamentals.

112 pages Yrder code BP184 £2.95

THE ART OF PROGRAMMING THE ZX SPECTRUM
M. James, B.Sc., M.B.C.S.

It is one thing to have Ieamt how to use all the Spectrum'’s
commands and functions, but a very different one to be
able to combine them into programs that do exactly what
you want them to. This is just what this book is all about -

if you req a mi for b

hing you the art of effective programming with your

or a high quality home compuler an IBM PC or compatible
is often the obvious choice. They are competitively priced,
and are backed up by an enormous range of applications
programs, hardware add-ons, etc. The main difficulty for
the uninitiated is deciding on the specification that will
best suit his or her needs. PCs range from simple systems
of limited capabilities up to complex systems that can
happily run applications that would have been considered
beyond the abilities of a microcomputer not so long ago. It
would be very easy to choose a PC system that is inade-
quate to run your applications efficiently, or one which
goes beyond your needs and consequently represents poor
value for money.

Thls book explams PC spec’n‘hcanons in detail, and the

e

Diffi

between types of PC (XT, AT 80386 etc); Maths
co-pr In pul d Y mice, and

): M luding both expanded (EMS) and
extended RAM: RAM disks and disk caches; Floppy disk
drive formats and compatibility; Hard disk drives (includ-
ing interleave factors and access times); Display adaptors,
mcludmg all standard PC types (CGA, Hercules, Super
VGA, etc); Contains everything you need to know if you
can't tell your EMS from your EGAI

104 pages £4.95

Spectrum.

144 pages Order code BP119 £2.50

A CONCISE INTRODUCTION TO MS-DOS

N. Kantaris

This guide is written with the non-expert, busy person in

mmd and, as such, it has an underlying structure based on
“what you need to know first, app first”,

the guide is also designed to be circular, whnch means that

you don’t have to start at the beginning and go to the end.

The more experienced user can start from any section.

The guide covers versions 3.0, 3.1 and 3.2 of both PC-
DOS and MS-DOS as implemented by IBM and other
manufacturers of *‘compatible” microcomputers, including
the AMSTRAD PC's. It covers both floppy disc-based
systems and hard disc-based systems.

64 pages Order code BP232 £2.95

MAKING MS-DOS WORK

FOR YOU

N. Kantanis & P. R. M, Oliver

This book was written with the busy person in mind and,
as such, it has an underlying structure based on “what
you need to know first, appears first”. Nonetheless, the
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book has aiso been designed to be circular, which means
that you don’t have to start at the beginning and go to
the end.

The book explains: How to write customised batch
files which allow you to display what you want on your
screen, and in the form and order you want it, instead of
being forced to use the DOS prompt on a blank screen.
How to design and set up a fast interactive and profes-
sional looking menu system, so that you or anyone
else can run utility applications or commercial software
packages easily. How the ANSI.SYS display and key-
board commands can be used to position the cursor
on any part of the screen, change the intensity of the
displayed characters or change their colour. How the
Edit screen editor or the Edlin line editor can be used
to enter ESCape (ANSI.SYS) commands into simple
ASCI files to allow control of both your screen disptay
and your printer. How to control the operation of the
two main types of printers in use today, Epson com-
patible dot matrix and HP compatible laser printers.
How to use several useful routines, such as moving and
hndnng fules prolecnng files from accidental erasure, a

p . @ screen saver, and a disc
camlogumg system.

The Debug program and how it can be used to create,
see and change the contents of any file, including those
of programs written in assembler code. This includes
how to find your way around the names and tasks
of the CPU registers and the meaning of some simple
assembler mnemonics.

182 pages

Jreder code BP319 £4.95

AN INTRODUCTION TO CP/M

R. A. Penfold i

In order to run and use programs operating under CP/M
itis not essential to have an understanding of the
system, but a reasonable knowledge of the subject can
certainly be of immense help when minor problems
occur, and also in fully exploiting the possible potential
of the system. This.book tells the story!

84 pages £2.96
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Audio and Music

Project Building

ACOUSTIC FEEDBACK HOW

TO AVOl

Feedback :s lhe bane of all publnc address systems. While
feedback cannot be cc , many things can
be done to reduce it 10 a level at whlch it is no longer a

Much of the trouble is often the hall itself, not the equip-
ment, but there is a simple and practical way of greatly
improving acoustics. Some microphones are prone to feed-
back while others are not, Certain Ioudspeaker systems are
much better than others, and the way the units are positioned
can produce or reduce feedback. All these matters are fully
explored as wsll as electronic aids such as li fre-

AN INTRODUCTION TO LOUDSPEAKERS AND
ENCLOSURE DESIGN

V. Capel

This book explores the various features, good points and
snags of speaker designs. It examines the whys and
wherefores so that the reader can understand the
principles involved and so make an informed choice of
design, oreven design loudspeaker enclosures for him or
herself. Crossover units are also explained, the various
types, how they work, the distortions they produce and
how to avoid them. Finally there is a step- bv -step
descnptlon of the of the Kap

quency-shifters and notch filters.

The special requirements of live group concerts are con-
sidered, and also the related problem of instability that is
sometimes encountered wnh large set- -ups. We even take a
look at some unsuc: to cure feedback so as to
save readers wasted time and effort duplicating them.

Also included is the circuit and layout of an inexpensive
but highly successful twin-notch filter, and how to operate it.
92 pages £3.95

PRACTICAL MIDI HANDBOOK
R. A, Panfold
The Musical Instrument Digital Interface (MIDI) is sur-
rounded by a great deal of mlsunderstandang and many of
the user Is that accompany MID are quite
incomprehensible to the reader.

The Practical MIDI Handbook is aimed primarily at
musicians, enthusiasts and technicians who want to exploit
the vast capabilities of MiD), but who have no _previous

peaker enclosure.
148pagas Order code BP256 £2.95

COMPUTERS AND MUSIC - AN INTRODUCTION

R. A.Penfold

Computers are plaving an increasingly important part in
the world of music, and the days when computerised
music was strictly for the fanatical few are long gone.

If you are more used to the black and white keys of a
synth keyboard than the QWERTY keyboard of a computer,
you may be understandably confused by the ;ar on and
terminology bandied about by computer buffs. But fear
not, setting up and using a computer-based musnc making
system is not as difficult as you might think.

This book will help you learn the basics of computing,
running applications programs, wiring up a MIDI sys-
tem and using the system to good effect, in fact just
about everything you need to know about hardware and
the programs, wnth no previous knowledge of computing

d or This book will help you to choose the

knowledge of electronics or computing. The maj of the
book is devoted to an explanation of what MIDI can ‘do and
how to exploit it 1o the full, with practical advice on
connecting up a MIDI system and getting it to work, as well
as deciphering the technical |nfom\unon in those manuals.

1

28 pages £6.95
PREAMPLIFIER AND FILTER CIRCUITS
R. A. Penfold
This book provides circuits and backg d infc ion for a

range of preamplifiers, plus tone controls, filters, mixers, etc.
The use of low noise al amplifiers and a
specialist high performance audio preamplifier i.c. results in
circuits that have excellent performance, but which are still
quite simple, All the circuits featured can be built at quite low

right components for a system to suit your personal needs,
and equip you to exploit that system fully.

174 pages £8.95
ELECTRONIC PROJECTS FOR GUITAR
R. A. Penfold

This book contains a collection of guitar effects and some
general purpose effects units, many of which are suitable for
beginners 1o project building. An introductory chapter gives
guidance on construction.

Each project has an mtvoducnon an explanation of how
it works, a circuit d [, i NS on strip-
board layout and assemblv as wall as notes on setting up
and usun? the units. Contents include: Guitar tuner; Guitar

cost (just a few pounds in most cases) preamp er; Gumr headphone amplifier; Soft distortion unit;
lifier circuits f fude:- Mi h waa waa; Phaser; Dual tracking ef-
plifiers (low impend: , high i di and crys- fecls unit; Nonso gate/expander; Treble booster; Dynamic
tal). Mngnanc cartridge pick- up preamplmars wnh R.IJ.AA trabia booster; Envelope modmer Tremelo unit; D box.
n. Crystal/ pick-up preamplifier. Guitar 110 pages £8.95
pick-up preamplifier. Tape head preamplifier (for use with
compact cassette systems).
Other circuits include:- Audio fimiter to prevent overload- HIGH POWER AUDIO AMPLIFIER CONSTRUCTION
ing of power amplifiers. Passive tone controls. Acuve tone R. A. penfold

controls. PA filters (high and | ) and
rumble filters. Loudness filter. Audio mixers. Volume and
balance controls

92 pages PI09 £3.95

Practical constructional details of how to build a number of
audio power amplifiers ranging from about 50 to 300/400
watts r.m.s. Includes MOSFET and bupolar transustor desagns

96 pages

Theory and Reference

ELECTRONIC HOBBYISTS HANDBOOK
R. A. Penfold
Provides an inexpensive single source of easily lo-
cated inf ion that the electronics en-
thusiast is likely to need for the day-to-day pursuance of
this fascinating hobby. Covers common component
colour codes. Details tha characteristics and pinouts of
many popular sei devices, including various
types of logic ICs operanonal amplmars, transnslors
ETs, unijuncti SCRs, diacs, tri-
acs, regulators and SMDs, etc. lllustrates many useful
types of circuits, such as timers and oscullnlors, audio

of us do not wish to afford the cost of large reference
books which explain many concepts in fair detail. Here is
an answer, an inexpensive reference guide which ex-
plains bnaﬂv (bul we hope, well) many of the underly-
ing el of pratical devices, most of
which, toa certain extent, control ouf lives.

This book is in effect more than just a dlctlonarv of
practical electronics terms, it goes a stage further in also
getting down to fundamentals. Accordingly the number
of terms may be limited but the explanations of the many
which are included are designed to leave the reader more
competent and satlshaq - and this is without tHe use of

which often on first reading

amplifiers and filters, as well as incl g 8 sep
section on power supplies. Also ins a itude of
other useful data

88 pages O :der code BP23S IREEL
FROM ATOMS TO AMPERES

F. A. Wilson

Explains in crystal clear terms the absolute fundamentals
behnnd alacmcnv and alaclromcs Really helps you to

and d the subject, perhaps for the first
time ever.

Have you ever: Wondered about the true link between
electricity and magnetism? Felt you could never under-
stand the work of Einstein, Newton, Boltzmann, Planck
and other early scientists? Just accepted that an electron
is like a little black ball? Got mixed up with e.m.f. and

p.d.? Thought the idea of holes in semiconductors is a
bn much?

Then help is at hand with this inexpensive book, in as
slmple a way asdpossuble and without too much complex

ics an I
244 pages

ELECTRONICS - A “MADE SIMPLE" BOOK

G. H.Olsan

Thns book provides excellent background reading for our
ducing Digital Ele Teach-In Book and will

be of interest to everyone studying electronics. The sub-

ject is simply explained and well illustrated and the book

assumes only a very baslc knowledge of electricity.

330 pages £6.95

A REFERENCE GUIDE TO PRACTICAL
ELECTRONICS TERMS

F. A. Wilson

Electronic devices surround us on all sides and their
numbers are increasing without mercy. Ours is the
problem therefore in keeping up with this relentless
expansion. unfortunately we cannot know it all and most

Temporarily out of print

800

can even be confusing.

For those who also wish to get right down to the
root of the matter, there is a second volume entitled 4
Reference Guide to Basic Electronics Terms (BP286),
each of the books referring to its companion as neces-
sary.

A reference guide for practically everybody concerned

with electronics.
[Order code BP257 IR

432 pages

NEWNES ELECTRONICS POCKET BOOK

E. A, Parr

Newnes Electronics Pocket Book has been in print for
over twenty years and has covered the development of
electronics from valve to semiconductor lechnologv and
from i s to LS! integ d circuits and micro-
processors. To keep up to date with the rapidly chang-
ing world of electronics, continuous revision has been
necessary. This new Fifth Edition takes account of recent
changes and includes material suggested by readers of
previous editions. New descnpnons of op.amp. applica-
tions and the design of digital circuits have been added,
along with a totally new chapter on computing, plus

other revisions throughout.
315 pages (hard cover) £12.95
ELECTRONIC MODULES AND SYSTEMS FOR
BEGINNERS

Owen Bishop

This book describes over 60 modular electronic circuits -
how they work, how to build them, and how to use them.
The modules may be wired togethov to make hundreds of
different el logue and digital. To
show the reader how to bsgln bunldmg systems from mod-
ules, a selection of over 25 electronic systems are described
in detail, covering such widely differing applications as
timing, home audio (including a
simple radio receiver), games and remote control.

200 pages £3.95

HOW TO GET YOUR ELECTRONIC PROJECTS
WORKING

R . A. Penfold

We have all built projects only to find that they did not
work correctly, or at all, when first switched on, The aim
of this book is to help the reader overcome just these
problems by indicating how and where to start looking for
many of the common faults that can occur when building

up projects.
[Order code BPTTOBEREED

96 pages
HOW TO DESIGN AND MAKE YOUROWN P.C.B.s
R. A. Penfold
Deals with the simple methods of copying printed cir-
cuit board designs from magazines and books and covers
at aspects of snmple p.c.b. construction including photo-
and designil ,vourownpcbs

rder code 121 £2.50

80p pages

How to Get Your
Electronic Projects
Working

a argmod

A BEGINNERS GUIDE TO MODERN ELECTRONIC
COMPONENTS

R. A. Penfold

The purpose of this book is to provide practical information
to help the reader sort out the bewildering array of com-
ponents currently on offer. An advanced knowledge of the
theory of electronics is not needed, and this book is not
intended to be a course in electronic theory. The main aim
is to explain the differencés between components of the
same basic type (e.g. carbon, carbon film, metal film, and
wire- wound resistors) so that tha right component for a

given can be d. A wide range of com-
ponents are included, with the emphasi firmly on those
components that are used a great deal in projects for the
home constructor.

166 pages Drdar code BP28E £3.95
BEGINNER’'S GUIDE TO BUILDING ELECTRONIC
PROJECTS

R. A, Penfold

Shows the complete beginner how to tackle the practi-
cal side of electronics, so that he or she can confidently
build the electronic projects that are regularly featured in
magazines and books. Also include examples in the form
of simple projects.

112 pages Order code £1.95

ELECTRONICS SIMPLIFIED - CRYSTAL SET
CONSTRUCTION

F.A.Wilson, C.G.l.A., C.Eng., F.Il.E.E., F..E.R.E., F.B..LM.
Especnallv written for those who wush to pamcnpata in
the i of ics more th | con-
struction than by theoretical study. It is desugned for ait
ages upwards from the day one can read intelligently and
handle simple tools.

80 pages Order code BPY2 £1.75

GUIDE TO BUILDING ELECTRONIC PROJECTS
Published by Evaryday Electronics

See the first page of books - ELECTRONICS TEACH-IN
No.5 - for full details.

ELECTRONICS PROJECT BOOK

Published by Everyday Electronics in association
with Magenta Electronics.

See the first page of books for full details.

Testing and
Test Gear

HOWTO USE OSCILLOSCOPES AND OTHER

TEST EQUIPMEN

R. A, Penfold

This book explains the basic function of an oscilloscope,
gives a detailed explanation of all the standard controts,
and provides advice on buvm? A separate chapter deals
with using an_oscillosco or fault finding on linear
and logic its. plenty of help to
il the I fi i and the effects of various
fault conditions. The function and use of vanous othef
pieces of test equip are also

signal generators, logic probes, logic pulsers, ‘and crvstal
calibrators.

104 pages Order code BP26 £3.50
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Circuits and Design

PRACTICAL ELECTRDNIC FILTERS
Dwen Bishop
This book deals with the subject in a no ical
way. It reviews the main types of filter, explaining in simple
terms how each type works and how it is used.
The book also presents a dozen filter-based projects with
spplucatuons in and around the home or in the constructor's
These include a of audio projects such
asa rvthm sequencer and a multi-voiced electronic organ.
Concluding the book is a practical step-by-step guide to
deslgmng simple filters for a wide range of purposes, with

circuitdi and
88pages Order code BP229 £4.95

ELECTRONIC ALARM CIRCUITS MANUAL

R. M, Marston

One hundred and fi useful alarm circuits, of a variety of
types, are shown in this volume. The operating pnncuple of
each one is explained in ise but preh terms,
and brief construction notes are glven where necessary.

Aimed at the practical design and
experimenter, as well as the electronics student and
amateur.

124 pages £13.96
DIGITAL LDGIC GATES AND FLIP-FLOPS

lan R. Sinclair

This book, intended for enthuslasts students and tech-
nicians, seeks to blish a firm f in digital
electronics by treating the topics of gates and flip-flops
thoroughly and from the beginning.

Topics such as and K gh i
are expl d and used ex ly, and
more attention is paid to the subject of synchronous
counters than to the simple but less important ripple
counters.

No background other than a basic knowledge of elec-
tronics is assumed, and the more theoretical topics are

Order code NE11

d from the b g. as also are many working
pmctlces The book lud: wlth an expl of
as applied to digital iogic.
200 pages £

ELECTRONIC CIRCUITS FOR THE COMPUTER
CONTROL OF ROBOTS
Robert Penfold
Robots and robotics offer one of the most interesting areas
for the electronics hobbyist to experiment in. Today the
mechanical side of robots is not too difficult, as there
are robotics kit and a wide range of mechanical com-
ponents available. The micro controller is not too much of
a problem either, since the software need not be terribly
complex and many p home P are well
suited to the task.

The main stumbling block for most wouid-be robot
builders is the electronics to interface the computer to the
motors, and the sensors which provide feedback from the

robot to the computer. The purpose of this book is to
explain and provide some rel ly simple

The ctrcutts covered are mainly concerned with signal
wer lies, and digital electronics.

circuits which bridge this gap.
92 pages Order code BP179 £2.95

ELECTRONIC PDWER SUPPLY HANDBOOK
lan R. Sinclair
This book covers the often d topic of

pow

" The topics covered in this book include: 555 oscillators;
ginewave oscillators; function generators; CMOS oscil-
lators; voltage controlled oscillators; radio frequencv oscil-
lators; 555 CMOS TTL monos-
tables; precusuon long timers; power supply and regulator

power supplies. All types of supwplles that are used for elec-
tronics purposes are covered in detail, starting with cells and

o] supply g and voltage boosters;
dnguta! dividers, decoders, etc; c: nd di y drivers;
D/A and A/D ‘converters; opto-isolators, fhp/flops noise

batteries and extending by way of rectified supplies and
linear mblltsers to modern switch-mode systems, 1C switch-
mode DC-DCco and i

The devices, their operating principles and typucsl cir-
cuits are all dealt with in detail. The action of rectifiers
and the reservoir is hasised, and the subj;
of stabilisation is covered. The book includes some useful
formulae for assessing the likely hum level of a conven-
tional rectifier reservoir supply.

136 pages E7.95
50 SIMPLE LED CIRCUITS
R.N. Soar

Contains 50 interesting and useful circuits and applica-
tions, covering many different branches of electronics,
using one of the most |nexpens|ve and -freely available
components - the light-emitting diode (LED). Also in-
cludes circuits for the 707 common anode display.

64 pages Order code BPA2 £1.96

BOOK 250 more |.e.d. circuits [SITIEN R £1.95

CIRCUIT SOURCE BOOK1

code

A. Penfold
Wntten to help you create and expenment with your
own by g and using the

various standard but|d|ng block circuits provtded Where
lppllCﬂble advice on how to alter the circuit parameters is
given.

The circuits covered in this book are mainly concerned
with logue signal p and include: Audio
amplifiers (op.amp and bupolar tranststors) eudlo power
amplifiers; d.c. amplifiers; highp.
and notch fiiters; tone controls; voltage controlled
amplifiers and hlters, tnggers and voltage comparators;
gates and el phs; mixers; phase
shifters, current mirrors, hold circuits, etc.

Qver 150 circuits are provided, which it is hoped will be
useful to all those mvolved in ctrcutt demgn and applica-
tion, be they prof or

82 pages £4.95
CIRCUIT SOURCE BOOK 2

R. A, Penfold
This book will help you to create and ‘experiment with
your own el gns by g and using
the various dard “'building blocks” its provided.

Where apphceble advice on how to alter the circuit
parameters is provided.

Radio, TV, Satellite

PROJECTiS- FSOR RADIO AMATEURS

AN INTRODUCTION TO AMATEUR

AND S COMMUNICATIONS SATELLITES

R. A. Penfold A. Pickford

This book describes a ber of el ircuits, most Communications and broadcast satellites are normally
of which are quite simple, which can be used to enh ible to individuals unless they are actively in-

the performance of most short wave radio systems.
The circuits covered include:- An aerial tuning unit; A
simple active senal An sdd -on b.f.0. for portable sets; A

or on
audio notch filter; A pemmetnc equaliser; C. w end S.S. B
audio filters; Simple noise A sp A
volume expander.

Other useful circuits include a crystal oscillator, end

volved in their technicalities by worklng for orgemsatlons
such as British Telecom, the various space agencies or
mnlutary bodies. even those who possess a satellite televi-
sion receiver system do not participate in the technical
aspects of these highly technologucel systems.
There are a large of

satellites in orbit around the world, traversing the globe
contmuouslv and they can. be tracked and their sig-

RTTY/C.W. tone decoder, and a RTTY serial to p

nals wtth [ , quip This
to 8 home cc such as

converter. A full range of interesting and usefull circuits for
short wave enthusiasts.
92 pages £3.95

AN INTRODUCTION TO AMATEUR RADIO

I. D. Poole

Amatsur radio is 8 unique and fascinating hobby which
has attracted thousands of people since it began at the turn
of the century.

This book givu the a comprehensive and
easy to und d guide th h the subject so that the
reader can gain the most from tﬁe hobby. It then remains
an essential reference volume to be used time and again.
Topics covered include the basic aspects of the hobby,
such as operatung ptocedures, ]lrgon and setting up a
station, T topics ]
receivers, transmitters and aerials etc.

150 pages £3.60

SIMPLE SHORT WAVE RECEIVER CONSTRUCTION
R. A. Penfold

Short wave radio is a fascinating hobby, but one that
seems to be regarded by many as an expensive pastime
these days. in fact it is possible to pursue this hobby for 8
minimal monetary outlay if you are prepared to undertake a
bit of d.i.y., and the receivers described in this book can all
be built at low cost. All the sets are easy to construct, full
wiring diagrams etc. are_provided, and they are suitable
for completé beginners. The receivers only require simple
aerials, and do not need any complex alignment or other
difficult setting up procedures.

The topics covered in this book include: The broad-
cast bands and their ch The bands
and their ch ; The pi gation of radio signal
Simple aerials; Making an earth connection; Short wave
crystal set; Simpie t.r.f. receivers; Single sideband recep-
tion; Direct conversion receiver.

Contains everything you need to know in order to get
started in this absorbing hobby.

88 pages £3.96

n be ¢
the BBC Mtcroor 1BM compatible PCs, for the decoding of
received si nals
This boo ib i ly ilable sy
their i ( P and how they
can be operated wtth sutuble :oftwere

102 pages £3.95
AERIAL PROJECTS

R. A, Penfold

The SUb]SCl of aerials ts vast but in this book the author
has | aerial d active,

loop and ferrite aerials which give good per'ormences and
are relatively simple and inexpensive to build. The com-
plex theory and mathematics of aerial design have been
avoided.

Also included are constructional details of a number of
aerial accessories including a pre-selector, attenuator, fil-
ters and tuning unit.

96 pages £2.60
INTERNATIONAL RADIO STATIONS GUIDE

P. Shore

Provudes the casual ligtener, amateur radio DXer and the

| radio with an

work designed to guide him or her around the ever more
complex redio bands. This new edition has been com-
pletely revised and rewritten and incorporates much more
information which is divided into the following sections:

Listening to Short Wave Radio; Choosing a Short
Wave Radio Receiver; How to Use the IRSG; Abbrevia-
tions; Country odes WOﬂdwnde Short Wave Radio Sta-
tions; Europ and Afri Long Wave
Radio Stetuons Europeen Near and Middie Eastern and
African Medium Wave Radio Stations; Canadian Medium
Wave Radio Stations; USA Medium Wave Radio Stations;
Broadcasts in English; Programmes for DXers and Short
Wave Listeners; UK FM Radio Stations; Time Differences
From GMT; Wavelength/Freq y C i

226 pages CIDEENMAZEE) €595
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tone decoders, etc.

~ Over 170 circuits are provided, which it is hoped will be
useful to all those involved in circuit design and applica-
tion, be they professionals, students or hobbyists.

92 pages K] £4.95

HOW TO USE OP-AMPS

E. A, Parr

This book has been written as a designer's guide covering
many operational amplifiers, serving both as a source book
of circuits and a reference book for design calculations.
T_tlt’e approach has been made as non-mathematical as pos-

sible.

160 pages Order code BP88 £2.95

MICRO INTERFACING CIRCUITS - BODK 1

MICRO INTERFACING CIRCUITS -BOOK 2

R. A. Penfold

Both books includ | her with details
of the circuit operstton and useful beckground informa-
tion. Any special constructional points are covered but
p.c.b. layouts and other detailed constructional informa-
tion are not included.

Book 1 is mainly in and
out of the computer; Book 2 deals pnmenlv with circuits
for practical applications.

BOOK 1 7712 pages £2.76
BOOK 2 112 pages £2.76
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We now supply a// the books published by Bernard Babani (Publish-
ing) Ltd. We have always supplied a selected list of Babani books and
you will find many of them described on the previous pages or in next
months issue of Everyday with Practical Electronics (the books with a
BP prefix to the order code are Babani books).

Many readers have asked us to also supply various other Babani
books, which have a reputation for value for money. Our customers tell
us they appreciate our speedy service and low postage charge and they

would like to be able to purchase ali the books from us and thus keep
the postage charge to an absolute minimum (£1 for UK p&p nd
matter how many books you buy). We are pleased to be able to
respond; with the aid of Michael Babani (M.D.) we are now able to
meet all your requirements for their books. /f it's Babani and in print we
can supply it. Babani presently list over 180 different technical titles
those notdescribed in detail on the previous Direct Book Service pages
or in next months issue are listed below:

Code Title Price Code Title Price Code Title Price

BP28  Resistor Selection Handbook £0.60 BP193 LOGO for Beginners £2.95 BP283 A Concise Introduction to SmantWare Il  £4.95

BP37 50 Projects using Relays, SCRs and BP196 BASIC & LOGO in Parallel £2.95 BP284 Programming in QuickBASIC £4.95
TRIACs £2.95 BP197 An introduction to the Amstrad PC’s £5.95 BP287 A Reference Guide to Practical Electronics

BP39 50 (FET) Field Effect Transistor Projects  £2.95 BP19B An Introduction to Antenna Theory £2.95 Terms £5.956

BP44  1C 555 Projects £2.95 BP230 A Concise Introduction to GEM £2.95 BP288 A Concise Introduction to Windows 3.0  £3.95

BP48  Electronic Projects for Beginners £1.95 BP243 BBC BASICB6 on the Amstrad PC's and BP291 A Concise Introduction to Ventura £3.95

BP49  Popular Electronic Projects £2.50 I1BM Compatibles - Book 1: Language £3.95 BP292 Pubiic Address Loudspeaker Systems £3.95

BP56  Electronic Security Devices £2.50 BP244 BBC BASIC86 onthe Amstrad PC's and BP293 An introduction to Radio Wave

BP74  Electronic Music Projects £2.95 IBM Compatibles - Book 2: Graphics Propagation £3.95

BP76 Power Supply Projects £2.50 and Disk Files £3.95 BP294 A Concise Introduction to Microsoft

BP78 Practical Comp E ns £1.76 BP245 Digital Audio Projects £2.95 Works 0.0.P.

BP84  Digital IC Projects £1.95 BP246 Musical Applications of the Atari ST's £5.95 BP298 A Concise Introduction to the Mac System

BP0  Audio Projects £2.50 BP247 More Advanced MIDI Projects 0.0.P. & Finder £3.95

BP94  Electronic Projects for Cars and Boats £1.95 BP249 More Advanced Test Equipment BP302 A Concise Users Guide to Lotus 1-2-3

BP95 Model Railway Projects £2.95 Construction £3.50 Release 3.1 £3.95

BP97  IC Projects for Beginners £1.95 BP250 Programming in FORTRAN 77 £4.95 BP303 Understanding PC Software £4.95

BP122 Audio Amplifier Construction £2.95 BP251 Computer Hobbyists Handbook £5.95 BP306 A Concise introduction to AmiPro 3 £4.95

BP125 25 Simple Amateur Band Aerials £1.95 BP258 Learning to Programin C £4.95 BP307 A Concise introduction to QuarkXPress  £4.95

BP126 BASIC & PASCAL in Parallel £1.50 BP259 A Concise Introduction to UNIX £2.95 BP311 An Introduction to Scanners and Scanning £4.95

BP132 25 Simple SW Broadcast Band Aerials £1.95 BP260 A Concise Introduction to 0S/2 £2.95 BP312 An introduction to Microwaves £3.95

BP136 25 Simple Indoor and Window Aerials £1.75 BP261 A Concise Introduction to Lotus 1-2-3 BP313 A Concise Introduction to Sage £3.95

BP137 BASIC & FORTRAN in Parallel £1.95 (Revised Edition) £3.95 BP314 A Concise Introduction to Quattro Pro £4.95

BP138 BASIC & FORTH in Parallel £1.95 BP262 A Concise Introduction to Wordperfect BP315 An Introduction to the Electromagnetic

BP144 Further Practical Electronics Calculations {Revised Edition) £3.95 Wave £4.95
& Formulae 4.95 BP264 A Concise Advanced User's Guide to BP322 Circuits Source Book 2 £4.95

BP145 25 Simple Tropical and MW Band Aerials  £1.76 MS-DOS £3.95 BP324 The An of Soldering £3.95

BP148 Computer Terminology Explained 1.95 BP269 An Introduction to Desktop Publishing 0.0.P. BP328 Sage Explained £5.95

BP171 Easy Add-on Projects for Amstrad CPC 464, BP270 A Concise Introduction to Symphony £3.95 BP329 Electronic Music Learning Project £5.95
664, 6128 and MSX Computers £2.95 BP272 (interfacing PC's & Compatibles £3.95 BP330 A Concise user's Guide to Lotus 1-2-3

BP182 MIDI Projects £2.95 BP273 Practical Electronic Sensors £4.95 Release 2.4 - £4.95

BP187 A Practical Reference Guide to Word BP274 A Concise Introduction to SuperCals 0.0.P. BP331 A Beginners Guide to MIDI £4.95
Processing on the Amstrad PCW8256 BP276 Short Wave Superhat Receiver BP334 Magic Electronics Projects £4.95
and PCW8512 £5.95 Construction £2.95 BP336 A Concise Users Guide to Lotus 1-2-3

BP190 More Advanced Electronic Security BP279 A Concise Introduction to Excel £3.95 Release 3.4 5.
Projects £2.95 BP280 Getting the Most From Your PC's Hard BP339 A Concise Introduction to WordPerfect 5.2

BP192 More Advanced Power Supply Projects  £2.95 Disc £3.95 for Windows £5.

IF NO PRICE IS SHOWN THE BOOK IS OUT OF PRINT (0.0.P.)
SEE PREVIOUS PAGE FOR FULL ORDERING DETAILS

PCB SERVICE

Printed circuit boards for certain EPE constructional projects are available from
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled
and roller tinned. All prices include VAT and postage and packing. Add £1 per
board for airmail outside of Europe. Remittances shouid be sent to The PCB Ser-
vice, Everyday with Practical Electronics, Allen House, East Borough,
Wimborne, Dorset BH21 1PF. Cheques should be crossed and made payable
to Everyday with Practical Electronics (Payment in £ sterling only).

NOTE: While 95% of our boards are now held in stock and are di

within seven days of receipt of order, please allow a maximum of 28 days for
delivery —overseas readers allow extra if ordered by surface mail.

Back numbers or photostats of articles are available if required - see the
Editorial page for details.

Please check price and availability in the latest issue.
Boards can only be supplied on a payment with order basis.

¥ Allp.cbsonTHIS
sAl

B page reduced to
(Just send half the price shown, while stocks last)

72 PRICE
PCBS ON OPPOSITE PAGE PRICES AS SHOWN

PROJECT TITLE Order Code Cost
Wash Pro 643 £3.83
Logo/lego & Sepctrum interface | 664 £5.60
Quick Cap Tester 668 £3.92
Superhet Receiver/Tuner/Amp 679/680 £4.22
Stereo Noise Generator - 681 £4.24
Amstrad Speech Synthestser 689 £4.68
The Tester 696 £4.15
Mains Appliance Remote Control
Mains ON/OFF Decoder W 0T 697 £4.55
Hand Tally: Main Bdrang glﬁplay Bd | SEP 90 699, 700 £10.95
‘Ghost Waker 703 £4.32
Frequency Meter = 704 = = ] £l 5.25
Freq. Meter/ Tachometer 705 £3.98
| Microcontroller Light Sequencer [TDEC 90 708/709 £10.90
Spatial Power Display 714 £5.33
~ Amstrad PCW Sound Generator 715 £5.03
Pocket Tone Dialler 729 £4.36
Simple Basic Alarm ] T3 £4.50
Humidity Tester 716 £4.97
Model Train Controller (double-sided) 73 | £9.75
Digital LCD Thermostat
- Control Board 740 £4.05
- Power Relay Board 741 £3.76
Control and Power Relay Boards together | f500
Digilogue Car Tachometer 744 £5.63
Modular Disco Lights - Simple Chaser 745 £5.00
Sweeper Module 746 £5.17
Automatic Light Control - PSU Board 747 £4.88
= Logic Board | 748 £5.17
Mod. Disco Lights
Superchaser (Double-sided) n £6.91
Supersweep (Double-sided) 772 £8.26
Bicycle Alarm i ) 73 £5.01
Knockerbox 775 £5.35
Signal Generator - Main Board 776 £7.46
Mind Machine - Main Board 778 £7.00
Auto Nightlight 779 £5.03

 PROJECT TITLE Order Code Cost
Suntan Timer 610 £3.07
_ Car Alarm o 615 ~ £312
~ Eprom Eraser KIS | 620 £4.07
Doorbell Delay 616 £3.56
Sound-to-Light Interface 637 £6.24
Midi Pedal 639 £7.00
Midi Merge 640 £3.00
_Audio Lead Tester ) | &4 £5.07
Light Sentinel: Main Board 632 £9.20
_4-Channel Auto-Fader Interface 642 £6.80
Electronic Splm Level 649 £3.85
Distance Recorder ] 651 £5.23
Music on Hold OCT'89 646 £3.85
Power Supplies - 25V 700mA 656 £4.35
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PROJECT TITLE Order Code Cost PROJECT TITLE Order Code Cost
Mind Machine - P B JAN'92 7 7 BAulls ;P uGRCSEENGID S yRtET
Tr;r;lsist::: cl:e‘:kerrogrammer oard  IELNIEFE 73? g 422 Balanced M!crophone Preamplifier 868 £5.30
Stepping Motor Driver/Interface 782 £10.39 Bglanced Mlcrophgme Povyer Suppy 859 £5.14
Micro-Sense Alarm 783 £5.42 Whistle Contrglled Light Switch 860 £5.19
Toleoonng 783 466 Battery To Mains Inverter — U.P.S. charger board 862 £7.38
Programmable Timer 785 £4.63 \T/:‘sfegl '[’)"asfbgf"e’aw' | MAR 94 | gg; gg-gg
Auto Garage Light 786 £6.10 CCllJ) TV%oamera — Control Board .
‘E’ELS:(‘;:YB;%?%‘:::“ Interface ;g; f;;gg (double-sided, plated-through-hole) 865 £15.00
T i APR 94 5
Sonic Continuty Tester 789 7o | | caaphone Ring Detector 864 £a.12
Telephone Ringer 790 £5.46 Combined Video, Test & Ext Plug Boards 866a/e £11.00
Experimental Weighing Scale 792 £517 Frame Grab Control 867 £15.00
12V Drill Charger/PSU (both boards) 793 £5.31 (double-sided plated-through-hole)
Digital Servo Interface 791 £4.73 EPE SounDAC PC Sound Board 868 £4.77
Tie Pulser 794 £5.19 MOSFET Variabie Bench Power Supply 869 £5.80
CCD Reverb Unit 795 £6.39 L.E.D. Matrix Message Display Unit
Switch-Mode Power Supply 796 £7.01 Display Board 870 £18.00
UV Exposure Timer JULY 92 797 £5.33 CPU Board 871 £7.20
Cricke‘t)Game e 798 £6.77 Stereo Noise Gate 873 £6.14
Quick Prom 799 £5.61 (5:""9'9, TENS/IU:" " g;g fég-gﬁ
- apacitance/Inductance Meter ‘
Gas Alarm AUG™92 800 £5.47
Dual Metronome N— 801 £6.74 S‘?‘{anced TE':AS Unit 877 ﬁ-?ﬁ
Ult.rasonic Tape Measure 802 £6.06 BiaRtiets b (s:gﬂ:;er/Display g;g & pa.irg
Quicktest 803 £4.82 L.E.D. Matrix Message Display Unit
Extended Range Capacitance Meter 804 £5.63 Keypad 872 £5.19
Traffic Lights System 806 £5.04 M?C Interface s ) gg? 25-22
Mini Lab MINI LAB £14.95 icroprocessor martswitch 5.61
EPE Altimet (Altimeter) 807 £6.30 M!croc.ontroller P.l. Treasure Hunter 882 £6.60
Personal Stereo Amplifier 808 £6.47 Print Timer ggg fég.gg
- v Watering Wizard K
Universal Infra-Red Remote Control 8117/811R  £6.56 : :
Combination Switch 812 £5.68 g s Gl e e
it L|9hts (Gl Spectr.um . 913 £6.97 Stereo HiFi Controller - 1 Power Supply 886 £5.66
TV/UHF Aerial Amp (double-sided) 814 £7.23 T TR U o0
Continuously Variable Balanced Power Supply 815 £5.65 iBESo|LINIControtlers
Main Board 887 £7.39
Emergency Lighting Unit 816 £6.77 . . .
: = _ Expansion/Display Boards (pair) 888 £9.80
Biomet Puise Monitor Dancing Fountains — 1
Sensor 817 £6.30 Pre.Amp 889 £5.28
Display 818 £6.30 Pump Controller 890 £5.41
Biomet Pulse Monitor Filter 891 £65.23
- ADC Interface (double-sided) 819 £7.11 6802 Microprocessor Development Board 894 £9.15
Car Electric Window Enhancer 821 £5.00 Dancing Fountains — 2
Simplify Atari STFM Interface 822 £5.55 PC-Compatible Interface (double-sided) 892 £10.90
Personal Stereo Amp. Add-On 823 £3.90 Automatic Greenhouse Watering System 895 £5.33
Electronic Fire 820 £4.84 Seismograph - 1 Sensor/Filter 896 £6.23
Mind Machine MKII - Signal Generator 824 £5.57 Clock/Mixer 897 £5.87
Ventitation Fan Timer 825 £4.70 3-Channel Lamp Controlier 899 £8.17
Universal Data Logger 826 £5.88 Seismograph - 2
Mind Machine Mkil - Magic Lights 827 £6.58 PC-Compatible Interface (double-sided) 898 £10.72
Superhet Radio Control Receiver 828 £5.93 Visual/Audio Guitar Tuner 200 £7.55
Guitar Preamp and Distrortion Unit 829 £5.46 Digilogue Clock 901 £12.50
Linear Clock - Timing Board 830 £8.00 Hobby Power Supply 902 £5.00
Display Board 831 £7.00 Audio Auxiplexer
Universal Alarm Module 9070 £3.00 Cont[ol Board 903 £7.73
Electronic Snooker Scoreboard 832 £9.17 Receiver 904 £6.24
Mind Machine MkI!
- Computer interface 833 £6.39 === —=m——m—————————caac=ay
Xenon Strobe 834 £5.84
Electronic Gong 835 £7.50 | | oy |
Coctenic S8, conompacanaboosr | meno | conse| | EPE PRINTED CIRCUIT g
Bike Odometer (pair of boards) 836/7 £7.00 1 =1
Amstr_ad PCWAtoD conyener(double sided) 838 £9.85 i B OA R D s E Rv I c E ol
Experimental Electronic Pipe Descaler 839 £5.50 I Order Code Project Quantity Price >
Sound Activated Camera Trigger 840 £5.34 i T
L.E.D. Sandglass [ oroeseresranesenecsanaer e s as e s e bR bbb R s b S I
Main and Display boards 841/2 £7.30 >
Kettle Alert 843 gs19 | | N 1
Linear Power Supply (double-sided) 844 £9.77 1 dME.......co.co0eene s e st st eeestesselors s eneas aeaeetecteaseseesessotoscossosessescasssasonsts (7] 1
Multi-Purpose Audio System 1 i
Six Channel Stereo Mixer 845 £11.98 I AAAIESS......cccoveereienrieeteereectresreeseeccereneeesseesneeaneasntiesasssssnsnsasssnees ; i
Multi-Purpose Audio System i >1
Microphone Pre-Amp module 846 £4.88 [ oot T AR AR AR RS R Zh
RIAA Pre-Amp module 847 £5.11 m
20 Metre Receiver 848 o83 | 0. e I
Mutti-Purpose Audio System b yenct TR LF ch PO in £ sterling only) to !
Tone Control and 1W Stereo Amplifier 849 £6.09 ] I (cheque/PO i ey ]
Tone Control 850 £5.12 1 Everyday with |
1W Stereo Amplifier 851 £4.88 I Practical Electronics i
Three-Way Christmas Tree Lights Flasher 853 £5.65 H R 8
Auto Alarm 854 e549 | | ccess (MasterCard) or Visa No. Minimum order |
250W/600W Battery to Mains Inverter 855 £1392 ] 1| for credit cards £5 |
Multi-Purpose Audio System I !
10W + 10W Stereo Power Amplifier ] 1
Amplifier 852a £5.65 1 1
Power Supply 852b £5.49 :
Pond Heater Thermostat a56 £577 | Signature Card Ex. Date.........ccccoeviinniiionnee ]
Timer/NiCad Capacity Checker 857 £6.30 L Please supply name and addess of card-holder if different from the address shown J'
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REPORTING
AMATEUR RA

Tony Smith G4FAl

ENIGMA

In Aprit 1993 we reported on the
activities of Nils Schiffhauer, DK8OK,
who tracked down a government “"num-
bers station” sending groups of num-
bers from Germany to Spain. This was
using an illegal Spanish callsign, and Nils
cheekily reported this offence to his na-
tional licensing authority, causing the
station to change to an official German
call!

Although it was widely thought these
transmissions originally came from be-
hind the Iron Curtain, according to Nils
some were broadcast by BND, West Ger-
many’s CIA, to agents in eastern Europe.
Strangely, even though Germany was by
then re-united, its numbers stations were
still on the air as if nothing had happened
on the political scene!

Such stations still exist today, and if
you listen round the shortwave bands,
you will hear men and women reading
numbers or letters in English, German,
Spanish, Russian, and other languages;
and sometimes the numbers are sent in
Morse code, the traditional mode for
clandestine messages!

Now, a new organisation has been.
formed to bring together those who are
interested in this aspect of shortwave
listening. Appropriately called ENIGMA,
the European Numbers Information
Group and Monitoring Association, it is
devoted to monitoring and gathering
information about these mysterious
stations.

Formed in January 1993, ENIGMA
publishes a quarterly newsletter which
acts as a forum for ideas and information
about numbers stations, and carries
features about them. It gives details of
current transmissions, frequencies, times,
etc., plus possible explanations on their
purpose and/or origin based on ex-
perience and past monitoring by group
members.

Having just read ENIGMA'S newsletter
No. 5, I'm amazed at the amount of detail
contained in it. There are 20 pages,
A4 size, packed with frequencies, times,
callsigns, commentary, letters, articles,
and details of books on the subject.

The mind boggles when wondering
about the purpose of stations labelied
as the “Lincolnshire Poacher”, “Ready
Ready”, “Nancy Adam Susan”, “Cynthia
Voice”, “Nui Nochen”, “Bulgarian Betty",
“Bugle Station”, and “Russian Counting
Man”. The newsletter reports that the
longest voice message ever heard was
from Russian Man who, in March, on
8074kHz at 1900 hours, sent 401 groups
with transmission lasting over two hours.

MORSE STATIONS

Issue No. 5 includes the first of a
two-part special feature on Morse num-
bers stations. It suggests that although

they lack the distinctive characteristics -
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of the voice transmissions, the absence
of an identifiable language makes them
even more anonymous and mysterious —
features which greatly intrigue those en-
gaged in this aspect of SW listening.

For those interested in monitoring
these stations, but who do not know
Morse, the article suggests that it is not
necessary to learn the full code. Letters
are rarely used, so only numbers need be
learned. These are easier to copy than
letters, especially when sent siowly.

There's good advice on getting started,
and the feature recommends the “Three
Long Dashes” station to beginners. Its
entire transmissions are always stow and
it uses short zeros (one dash instead of
five).

There are 32 different frequencies
listed, also 21 three-figure identifications
which have been heard, presumably
representing the numbers of the “agents”
the messages are intended for. It has an
irregular schedule, having been heard at
all times of day and night. Interestingly it
is never heard on a Friday, which perhaps
narrows down the list of potentjal
countries of origin.

The ENIGMA newsletter is published
four times a year and costs £5 (over-
seas, £10), including postage. Write to
ENIGMA Newsletter, Dept EPE, c/o
Bradford Resource Centre, 31 Manor
Row, Bradford, West Yorks, BD1 4PS.
Cheques should be payable to “C.A.
Midgley”. A sample copy costs £1.00 or
4 x IRCs from the same address.

FIRST AMRED PUBLISHED

The first termly issue of AMRED
(Amateur Radio in Education), the
magazine of STELAR (Science &
Technology through Educational Links
with Amateur Radio) was " recently
published. As reported previously this is a
group of educationalists who want to
promote amateur radio in education to
assist in the teaching of science and
technology.

In his introduction to the first issue
STELAR’s Chairman, Richard Horton
G3XWH
involved with many educational amateur
radio projects), comments that two needs
have been largely unfulfilled in relation to
such activities. There has been little
dissemination of information on what has
been happening; and there is a need to
bring together the prime movers to share
experiences and offer support to schools
not yet aware of the potential of the
hobby to aid good practice in science
and technology teaching.

Since its formation last August,
STELAR has contacted over 120 schools
and collieges now known to participate in
amateur radio and it is hoped that at least
80 of these will become affiliated.

In March, three members of STELAR
addressed the annual workshop meeting

(who has been personally .

of a similar organisation, “Amateurfunk in
der Schule”, in Germany where there are
over 2000 teachers with amateur radio
licences and over 300 schools active in
the hobby.

In November this vyear, the
organisations will be co-hosting the
first ever /nternational Conference on
Amateur Radio in Schools (ICARS). This
will be in London and itis hoped to invite
up to 30 international delegates from
their parent organisations to take part.

The first issue of AMRED has ex-
planatory articles on packet radio and
amateur satellites, and details of the
Amateur Novice licence. It has informa-
tion on STELAR h.f. nets to be held each
Wednesday in term time, and on STELAR
h.f. activity days, the first of which was
held over a 24 hour period on 23 and 24
June. There is also a list of overseas
school stations who would like to receive
packet contacts from UK schools.

The message is clear. Schools not using
amateur radio are missing out, and they
are invited to contact STELAR for infor-
mation about the hobby and how it can
benefit them. Teachers willing to study
for the amateur licence can do so in a
number of ways, including attendance
at a STELAR residential crash course,
financed by Trio-Kenwood UK, as des-
cribed in this column last month.

Perhaps students who read this
magazine and think their school should
be involved in amateur radio could show
this information to their teachers!
Enquiries from schools should be
addressed to the Chairman of STELAR,
Richard Horton G3XWH, 7 Carlton Road,
Harrogate, North Yorkshire HG2 8DD.
Please mention that you read about
STELAR in EPE!

IMPROVED OUTBACK RADIO

According to Amateur Radio, journal
of the Wireless Institute of Australia, the
2-5 million residents of Australia’s out-
back are to get improved communica-
tions. Many rely on shortwave radio to
keep in touch with the outside world, and
over 80,000 h.f. sets are used for this
purpose. If they want to make a phone
call they call a base station which con-
nects them to the public phone service.

Now, Telstra (Telecom Australia) has
introduced two services. One, Satcom-m,
is satellite-based, and uses terminals the
size of a briefcase, including the antenna.

The other, Radphone Direct Dial, uses
h.f. and allows users to dial directly to
almost any number in Australia. The serv-
ice will have the facility to send faxes and
digital data later this year.

The h.f. terminals cost about the same
as top-line multiband h.f. amateur rigs,
and the satellite terminals cost about five
times as much, so one imagines that quite
a lot of the existing h.f. radios will
continue in service for some while yet.
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WE HAVE THE WIDEST CHOICE OF USED
OSCILLOSCOPES IN THE COUNTRY

TEKTRONIX 7000 SERIES OSCILLOSCOPES
Avallabie from €200 - PLUG-INS SOLO SEPERATELY

TEKTROWN 2365 4 Channel 30002 Delay Sweep Cursars.— £1750

TEXTROMX 2235 Dual Trace 1004H2 Deiay Sweep €700

PI'I.PS 30652+ 1 ChameMWMMITBDeavih?eo
TEKTRONIX 485 Dual Trace 350z Delay Sweep

XTROMIX 475 Dual Trace 2004z Deiay Sweeo

=K TRONDX 4658 Dual Trace 100Mz Deiav Sweep

KTROND 465 Dual Trace 1008Hz Delay Sveep

KTROMIX SC504 Dual Trace BOVHz 1 TMS03B

KTRONDX 2215 Dual Trace 60044z Deay Sweep

KTRONDX 455 Dual Trace 50.4H2 Deidy Sweep

HITACHIV650F Dual Trace 604z Detay Sweep

PHLIPS PH3217 Dual Trace S04z Delay Sweep

LEADER LBO-520A Dual Trace 35MHz Deiay Sweep

GOULD 051100 Dual Trace 308z

WATSU 555702 Dual Trace 200z

GOULD 052508 Dual Trace 15MH2

THANDER T0315 Dual Trace 20i4Hz Mawns Battery £300

HP 17494 Dua Trace 100Miz Delay SweepAnaogue Storage €350

THIS 1S JUST A SAMPLE - MANY OTHERS AVAILABLE

MAKONIZMBSMNSMAM FMSgCeneow S0 700
HP 86408 Sq (en 20z £1000
HP BGZOCSmKDWam'mmBGZASA‘Q -124GH £400
SYSTRON DOMMER 1702 Synth AM Ft 59 Gen 100H2-1CHz €600
RACAL 9081 Synthesued Sig Gen 15-520Kz
FARNELL 556520 Synthesze0 AM FM 59 Gen 10MHz-520MHz - £400
HP 86308 Mirowave 5weep 0s¢ 26 5-40CH £300

HP SUATH ANTENNA type 12-602-4 £2000
MARCONI6500 Automant Amu Tude Analyser £1500
HP 4364 Power Meter £1000

RACAL INSTRUME| NTATI[W RECWR!YDE Store 4DN £500
HP 35754 Cam Phase Meter 1H2-13MHz £400

HP 3312A Function Gen 01H2-4 3z AM)FM,SI!GO

Sne Sqﬂngjeu £400
MARCONI TF2337 Automat Drstorbon Meter £200
SAYROSA Automatic Modutabon Meter type 2528 £125
TEKTRON®X CPS250 Trp Output PSU 2x20V05A Var SV2AFxd  E225
TEXTROWX CF(250 Function Gen 02H2-2WH25ne 5q Tn TTL. €180
TENTROMK COM250 DRl Mutmeter 3 gt LED €180

8565A
HP BSSUMHBSSQA 001 A0
HP 35804 LED 5H2-50XHz

ANRITSU MS628 With Tracking Gen 10KH2-17004K
POLARAD 641-1 10MHz- 18GH
ACB281 wﬂ!ACEZﬁ 1700MH2

ARDO
HP 82 with 8558 ‘ISOOMHZ
HP 1417 wth SSSAS&B 8 500kHz- 12504
HP 1417 wn 85538 LBSSZA 1FH2-110MK2
WARCOMI TF2370 30H2-110MH2 £1000
HP 8444 § 8443 Tracwag Cenerawors Avaiape from €300
NpuﬂuanFm\esomv (00d Tubes £700

HP3456A6 aigt DC True RMS AC Res
EP DANA 35101 'cro«ave chqmw%omlev ZgNz 180K

HP 5341A Frequency Countes SOMMZ-
MARCOM) 2435 Dgrtal Frequency Meter 26tz
RACAL 1998 Freq Counter 1 3GH2 {optons GPA & Hoh Stab
RACAL DANA 1991 Unwversal Counter Timer 160Kz 9 dgt
MARCOM 2437 Unwersal Counter Timer OC -100MH2 8dgit
MARCON 24314 Frequency Counter 10Hz-200MHz 8 Aot
MARCOR] 24304 Frequency Counter 10H2-80MH? 8 Gigit
RACAL 9348 Frequency Counter 10H2-520Mkz 9 0gt
RACAL 9913 Frequency Meter 10Hz- 20002 8 dgit
RACAL 3911 Frequenty Meter10wz-120MHz 7 08¢
RACAL 9505 Unwersal Counter Timer OC- 200“": 86gi
RACAL 9904 Unwersal Counter Timer OC-50MHz 7 dgt
RACAL 9901 Unwersal Counter Timer DC- SOWISG yt
DATRON 10614 65 09t Autoca Murtimeter True RMS AC
HP 3430A 5 dgt Mudmeter AC OC Onms
HP 34354 35 gt Mytimeter AC DC Onms Current LEO
PriLipS PM2534 My Tt Functon DA 3 5-6 5digit GPIB IEEE
SOLARTRON 715065-3 5 dgt DM wrth [EEE
SOCARTRON 7045 45 Gt N tmeter Voits 'Amos onms
WAYNE KERR BIOS Automatc Precson Brdge O
MARCONI TF2700 Unwersal Bridge Battery nerated
MARCONI TF1313A Unwersal LCR Brddge 018
WAYNE KERR B4 24 Digital Component keter LCR
HEATHKIT B RLC Bt
BRADLEY 192 Osaikoscope (2
WA TRON 560 Scaser Network Ana-‘vser with Detectors
H P 500545 gnam
FARNELL H30 100 0- A Metered
FARNELL TVST0 \'_(Z 70V 5A 35V 104, hetered
FARNELL 830 10 30V. Vaﬂal)e
FARNELL L30 0-30V 0- €125
MOMMETFNSAO—&WM 15V 2A 0-75V 4 Metered £60
HP 6516A0—5Kv 0-6mA v £150
URG 47 2R PSU ZkV £200
FEEDSAD(chSneSQTnOMNNOOKHl £60
LYONS PCTIN Pusse Gen PRF 1Hz-SMHZ
FARNELL PG101 Puse Gen 100nSecs 10!«‘}11 15ec 1H2
ADDS LAT Mk 28 Audto Analyser
UMAQHIM EPSO1 Audo Analyser
ALPS PMS518 Coigur TV Pattern Generator
RAQFORD LDO4 Low Distortion Osceator
RADFORD LDMS2 Low Distortion Measurng S
NEW EQUIPMEN
HA) H e Trace 10082
Oelay Tmebase £847
HAMEG 0SOLLOSCOPE HMEOA Dual Trace 60tH: Delay Sweep €653
HAMEG OSCILLOSCOPE HiA203-7 Dual Trace 20MH2
Component Tester £362
HAMEG OSCILLOSCOPE HM205-3 Dual Trace 20WHz Dgaal Storage. £653
A glhe +008s Jvsavie ¥ 0SIHEICIRE ,m‘ontrzm
BACK STAR FQUIPMENT PEP aTLNIS E5!
APDLLO 10 100%H2 Counter Timer Rat:o Perod Tme ntetc €222
APOLLO 100 100MH? (as above with mare functions) £32%
FREQUENCY COUNTER 100MH; €119
METEQR 600 FREQUENCY COUNTER 600MHz £145
WETEQR 1000 FREQUENCY COUNTER 1GH2 £18%
JUP(TOR 500 FUNCTION GEN 0-1Hz-500¢Hz Sine Sq Try €119
ORON COLOUR BAR GENERATOR P2 TV Vaito [#0¢]
othe B & ipment avalabe

0PoP £3) £12

i" b

This is a VERY SMALL SAMPLE OF STOCK SAE or telephone for ists Pleasa check availabibty betore
ordering CARRIAGE all units £16 VAT 1o be added 1o Total of Goods and Carriage

Tel: D734 268041

STEWART OF READING
110 WYKEHAM ROAD, READING, BERKS RG6 1PL —
Fax: D734 351696 Callers weicome 3am to 5 3gm MON-FRI (UNTIL 8pm THURS)

AT LAST. A comprehensive, easy to follow
guide to building short range transmitters
and surveillance devices. Packed with
useful information and circuits

% Only £3.95 inc p&p.

(Some of the circuits included cannot be used legally

inthe UK) K"-s

All kits come with pre-drilled PCBs and high spec.
components. For built and tested units piease add £3.50.
MICRO FM TRANSMITTER (a). 1 mile range, 80-100MHz ]
presetinc. mic., very small (2°3cm) £6.95
MICRO FM TRANSMITTER (b). Variable mic. sens., tunable 90-110MHz

1 mile range €7.95
FM TRACKER. Transmits an audio tone for direction finding, tracking etc
80-110MHz £8.50

FM RECEIVER (a). Tiny high quality FM radio. Will drive headphones
direct (not inc}) £10.90
FM RECEIVER (b). As (a) but with 3 watt audio output and tuning LED £12.860

CRYSTAL RADIO. Includes tuner, earphone, ferrite aerial, etc. £6.90
AM RADIO. Single chip radio for headphones (notinc.) £8.90
AUDIO POWER AMPS 3 WATT low cost for intercoms etc £4.95
15 WATT General purpose upgrade £8.95
40 WATT High quality, HD 0-003%, switch
on mute ideal for compact disc £€15.50
150 WATT Rugged and powerful MOSFET
design. PA/sound systems €22.95
PREAMPS ETC
GENERAL PURPOSE PREAMP. Variable gain 9-25V 40mV max in £4.00
ULTRA LOW NOISE. For high quality mixers, mics etc 9-25V £4.50
SMALL SIGNAL. Sensitive FET preamp for piezo transducers £3.90
ACTIVE TONE. 12dB c/b bass and treble with variable gain £8.95
7 BAND EQ. 150Hz-18KHz for EQ units and tone control,
includes on-board preamp and pots. Variable gain £12.95
NOISE GATE. Dynamic noise reduction system. Variable input
and cut off level. Will accept instruments, tape decks etc £15.95

MUSIC KITS. Full range of on-board units for guitars and other instruments.
Tone boosters, active circuitry, transducers. Send for list.

Prices include P&P. Mail Order Only. Make cheques and postal orders payabie to:

JCGIUI

PO Box HP79, Woodhouse Street

Leeds LS6 3XN

Inverter toroidal transtérmers 225VA 10 5-0- 10 5V
peimary 0-260- 285V secondary 95

LEDs 3mm or 5mm red or green 6p each. vellow
11p each Highintensity red, green or yellow,
5mm 30p each

Cable Ties 1p each. £5.95 per 1000, £49.50 per
10.000

High quality photo resist copper
ctad epoxy glass boards
Dimensions single-sided double-sided
£1.09 £1.23

x4 inches
4x8 inches £2.75 £2.99
6x12inches £6.20
12x12 inches £12.25
RECHARGEABLE BATTERIES
AA (HP7) 500mAH £0.99
AA 700mAH £1.75
C 2AH with solder tags £3.60
D 4AH with solder tags £4.95
1/2AA with solder tags £1.55
AAA (HP16) 180mAH £1.75
AA 500mAH with solder tags £1.55
C (HP11) 1 BAH £2.20
D (HP2)1:2AH £2.60
PP3 8:4V 110mAH £4.95
Sub C with solder tags £2.50
1/3 AA with tags (Philips CTV) £1.95

Standard charger, charges 4 AA cells in 5 hours
or4CsorDsin 121014 hours + 1xPP3(1,2.3
of 4 cells may be charged at a time) £5.95

High power charger, as above but charges the
Cs and Dsin 5 hours, AAs, Cs and Ds must be
charged n twos or tours. £10.95

Nickel Metal Hydryde AA calls, high capacity

with no memory, 1000mAH £3.85, 1200mAH £4.40

SPECIAL OFFERS - PLEASE CHECK
FOR AVAILABILITY

42mm x 16mmdia 1 2v £1.45
Stick of 4 171mm x 16mm dia . with red
and black leads 4 8V £5.95

Computer grade capaciiors with screw terminals
38000yF 20V £2.50: 87000uF 10V £1.95;
68000uF 15V £2.95; 10000uF 16V £1.50;
58000pF 60V £4.95

7-segment common anode he.d display.
12mm £0.45

LM2931AT 5 0 low drop out 5V
regulator TO220 package £0.8

7812 and 7912 12V 1A regulators  £26.00 per IOO

LM337K TO3 case vanable vegulalor £1.

00+ £1.44 each

GaAs F.E.T. low leakage current 88873 £12.95
each, £9.96 10+, £7.95 100

BS250 p-channel MOSFET 45p

BC559 transistor £3.95 per 100

74LS05 Hex inverter £10.00 per 100

Used 8748 Microcontroller £3.50

$1952 UHF Limiting amphfier, LC 16 surface
mounting package with data sheet £1.95

AM27502........ .£1.25 each, 30p 100 +

CDAa007UB 10p 100+ 6p 1000 +

Sinclair light gun terminated with a jack plug and
PP3 chp gives a signal when pointed at 50Hz
flickenng light, with output waveform chart  £3.95

DC-0DC converter, Rehiabihty model, V12P5, 12V
n 5V 200mA out, 300V input to output isolation,
with data £4.95 each or pack of 10 - £39.50

Hour counter used 7 digit 240V ac 50Hz £1.45

QWERTY keyboard. 58 key good quahty swutch%so
5

Alrpal AB2903-C large stepping motor 14V
75 step, 27 ohm, 6Bmm dia_body. 6 3mm
shatt £8.95or £200.00 for a box of 30
Polyester capacitors. box type, 22 5mm lead pitch
0 9uF250vVdc 18peach. 14p100+.9p 1000
14F 250V d ¢ 20p each, 15p 100 + 10p 1000 +
2 2uF 250V dc 30p each, 20p 100+ . 15p 1000 +
3 3uF100V dc 30p each, 20p 100+ .15p 1000
1uF 50V bipolar electrolytic axial leads. 15p each.
7:5p 1000 +
0-22uF 250V polyester axial leads, 15p each
100 + 7-5p each
Polypropylene 1pf400Vd c {Wima MKP10)
27 5mm pitch. 32 x 29 x 17mm case 75p each,
60p 100 -
Ph:lups 123 senes sohd aluminium axial leads
33uF 10V & 2 2uF 40V 40p each. 25p 100
Philips 108 senes 22pF 63V axial
30p each, 15p 1000+
Muitilayer AVX ceramic capacitors, all Smm
pitch 100V 100pF. 150pF, 220pF, 10.000pF
(10n) 10p each, 5p 100 +, 3.5p 1000
500pF compression trimmer 60p
40pF 370V a ¢ motor starnt capaciar {dialectrol type
contaimngnopc bs) £5.95 or £49.50 for 10
Welwyn W23 9W 120 obm 35p each. 20p 100
680 ohm 2W metal hilm resistor
4p 100+, 2p 1000
Solid carbon resistors, very low inductance, ideal
for ¢t b circunts, 27ohm 2W. 68obm 2W 25p each,
15p each 100 +
we have a range of 0 25W, 0 5W. 1TW and 2W
sohd carbon resistors  please send SAE for hist
P.C. 400W PSU (Intel part 201035-001) with
standard motherboard and 5 disk drive
connectors, fan and mains inlet/output
connectors on back and switch on the side (top
for tower case) dims 212 x 149 x 149mm
excluding switch £26 00 each, £138.00 for 6
MX180 Digital multimeter 17 ranges, 1000V
dc 750V ac 2Mohm 200mA transistor Hfe 9V
and 1 5V battery test . £12.95
AMD 27256-3 EPROMS £2.00 each, £1. 25100 +
DIL switch 3PCO 12 pin {(ERG SDC-3-023) 60p
each, 40p 100 +
Disk Drive Boxes for a 5 25 disk drive, with room
for a power supply. hght-grey plastic 67mm x
268mm x 247mm £7.95 or £49.50 for 10
Handheld Uttrasonic remote contro} £3.9
CV2486 gas relay 30mm x 10mm dia with
3 wue terminals will aiso work as a neon
20p each, £7.50 per 100
A23 1 2V battery for car alarms or lighters
75p each, £50 100+
All products advertised are new and unused unless
otherwise stated
Wide range of CMOS TTL 74HC 74F Linear
Transistors kits, rech
100ls etc always n s(ock
Please add £1 95 towards P&P
VAT included in all puces

JPG ELECTRONICS
276-278 Chatsworth Road

Chesterfield S402BH
Access/Visa Orders: (0246) 211202
Callers welcome

Evervday with Practical Electronics, October, 1994

OMNI ELECTRONICS

174 Dalkeith Road, Edinburgh EH16 5DX % 031 667 2611

The supplier to use if you're Iooklng
for—

A WIDE RANGE OF
* COMPONENTS AIMED AT THE x

& HOBBYIST%’

* COMPETITIVE VAT INCLUSIVE »

* MAIL ORDER -generally by x
RETURN OF POST

* FRIENDLY SERVICE »

OPEN:
Monday-Thursday 9.15 - 6.00

Friday 9.15-5.00 ?
Saturday 9.30-5.00 ]
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monthly hobby electronics magazine, our audited
sales figures prove it. We have been the leading
independent monthly magazine in this market for
the last nine years

with Practical Electronics reaches twice
UK readers as any other independent

If you want your advertisements to be seen by the largest readership at the most economical price our classified and
semi-display pages offer the best value. The prepaid rate for semi-display space is £8 (+ VAT) per single column centimetre
(minimum 2.5cm). The prepaid rate for classified adverts is 30p ( + VAT) per word (minimum 12 words).

All cheques, postal orders, etc., to be made payable to Everyday with Practical Electronics. VAT must be added. Advertise-
ments, together with remittance, should be sent to Advertisements, Everyday with Practical Electronics, Holland Wood House,
Church Lane, Great Holland, Essex CO13 0JS. Phone/Fax (0255) 8560596.

For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as above.

NEWMARKET
TRANSFORMERS LTD
Mail Order Transformer Specialists.
Toroidal and Laminated Transformers,
3VAto 1kVA,

Fast delivery. Competitive prices.
Quality guaranteed.

Phone: Michael Dornan
on 0638 662989 for Immediate Quote

RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY

110 24 volts up 10 % amp. 110 20 volts upto 1 amp 110 16 volts up to 1%
amps d.c. Fully stabilised, Twin panel meters for instant voltage and cur-

rent readings. Overload protection inc
Ful
Rl £45 s

240Vac.
Compact unit.
Size 9x 5% x in.

+Postand
insurance £4

. mps 10

337 WHITEHORSE ROAD, CROYDON
SURREY, U.K. Tel: 081-684 1665

List, Large SAE. Delivery 7 days. Catiers weicoms. Closed Wednesday

BTEC ELECTRONICS
TECHNICIAN
FULL-TIME TRAINING

THOSE ELIGIBLE CAN APPLY FOR E.T. GRANT SUPPORT
AN EQUAL OPPORTUNITIES PROGRAMME

O.N.C., O.N.D. and H.N.C.

Next course commences

Monday 19th September 1994
FULL PROSPECTUS FROM

LONDON ELECTRONICS COLLEGE
(Dept EPE) 20 PENYWERN ROAD
EARLS COURT, LONDON SW5 9SU
TEL: 071-373 8721

Over ten years of research has brought
what is probably the most detailed and
descriptive book on the subject ever!
For further information send a S.A.E. to:
PTRONICS
Dept EE, 50 Kenmoor Way. Chapel Park,
Newcastle-upon-Tyne, NE5 1TU

ASTRA Desk Top Accounting™

d\ Overture - Invoicing. Sales, Nominal, VAT, ewc
Premler - plus Stock. Jobs; EPOS, etc
PoworPC Professional - plus Multi-Currency/Depts, etc

S&S Systems Ltd, Bretton Court, Manor Road, Wales
Sheffield, S31 8PD, UK. (Sofware distributors and Apple dealers)
Tel: (01909) 773399 « Fax: (01909) 773645 * Int Code: +44 1909

SURVEILLANCE KITS
MICRO TRANSMITTER. tuneable 70-116MHz. 500M
range, 40mm x 20mm including microphone, 3-12V Kit
£6.95, Assembled £9.95. Order Code KT1
TELEPHONE TRANSMITTER, 30mm x 10mm, powered
from line, transmits both sides of conversation, 500M range,
88-130MHz. Kit £7.95, Assembled £12.95. Order Code KT3
3 WATT TRANSMITTER, 80-110MHz, 12-15V, adjustable
input sensitivity, varicap controlled, several miles range, Knt
£156.95. Assembled £26.95. Order Code KT4,
Al prices include p&p
Credit card orders telephone 021 486 3092
Send 2x1st class stamps for Catalogue. Cheques/P.O s payable to

C.E.C.

(Dept. EPE), 515A Bristol Road,
Birmingham B29 6AU

;

MINI CC.D. CAMERA

Mini C.C.D. camera only
g 32x32mm compiete with
i 3.8mmwide view lens and 9v '
: supply. Plugs directy

(uncased)

£195 including carrisge .
ALSCO

Astiey House,

Johnson St Tyldesley,
Manchester,

M29 8AB.

Tel. 0942 883573 |
&8 = -

MRTI MICRO TRANSMITTER, 26mm x 20mm including sensi-
80-115MHz, 500M range
Kll 24 95, Assembled £8.95

MTT1 TELEPHONE TRANSMITTER, 35mm x 10mm, powered
from line, transmits all conversations, 500M range, 80-
120MHz. Kit £5.95, Assembled £10.95.

All prices include p&p. Send 2x2nd class stamps for Catalogue.
Cheques/P.O.8 payable to.

EXCEL PRODUCTS (Dept. EPE)
Unit 14. Sunningdale, Bishop's Stortford, Herls CM23 2PA

THE BRITISH AMATEUR
ELECTRONICS CLUB

exists to help electronics enthusiasts
by personal contact and through a
quarterly Newsletter.
For membership details, write to the
Secretary:

Mr. J. F. Davies, 70 Ash Road, Cuddington,
Northwich, Cheshire CWB 2PB.

Space donsted by Everyday with Practical Bectronics

PROJECTS FOR IMB-PC & LAPTOP PCS
Controlled by Printer or RS232 ports
Programmable 24-line I/O card, Data logging system,
Sound pler/playback, EPROM , Stepper
motor board ( + A/D + 1/0 ports), 8031 development
system. Z80 and 80535 single board computers, etc.

INNOVATIVE INTERFA

Miscellaneous

PROTOTYPE PRINTED CIRCUIT BOARDS
one offs and quantities, for details send s.a.e. to
B. M. Ansbro, 38 -Poynings Drive, Hove, Sussex
BN3 8GR, or phone Brighton 883871.

G.C.S.E. ELECTRONICS KITS, at pocket
money prices. S.A.E. for FREE catalogue.
SIR-KIT Electronics, 70 Oxford Road, Clacton,
COI153TE.

PLDs AND EPROMS copied or programmed.
We supply logic devices/convert discrete logic to
PLDs. Also PCBs designed. Send for details to
PO Box 1561 Bath (0225 444467).

VALVE ENTHUSIASTS. Capacitors and other
parts at attractive prices! Ring for free list. Geoff
Davies (Radio). Tel: 0788 574774.

HOW TO ADD Flashing LED, Ground Trigger,
Vibration Switch, nght Flash Relay and more
to ‘Electronize’ voltage drop alarms. For DIY
details send £3 and S.A.E. to M. Siddal, 59
Hendy, Tal-Y-Bont, Nr Conwy, Gwnedd, LL32
8JQ.

MICROCONTROLLER P.I. Metal Detector,
belt mount control box, open waterproof loop,
full working order, £60. Tel: 0983 86208S.

MICRO-LAB 6502 MICRO TRAINER. As
new, cost £179 advertised in this magazine.
Manual & books. £99 incl. J. Brower, BFBS
Gibraltar, BFPOS2 UK.

PRINTED CIRCUIT BOARDS - QUICK
SERVICE. Prototype and Small Production. We
can raise your artwork from magazines or your
draft designs at low cost. PCB’s also designed
from schematics. For details send to P. Agar, 54
Forthill Street, Enniskillen BT74 6AJ or phone
0365 326800 (7 days).

This 2'2cm space in
Everyday with
Practical Electronics
Would ONLY cost you

£20 .

EVERYDAY
WITH

SUBSCRIPTION ORDER FORM

Annual subscription rates (1994/5):
UK £24.00.
Overseas £30.00 surface mail,
£47.50 airmail.
To:
Everyday with Practical Electronics,

Atlen House, East Borough, Wimborne,

Dorset BH21 1PF

Tel: 0202 881749 Fax: 0202 841692

lenclose paymentoff£............ceevnninnninns

(cheque/PO in £ sterling only, payable to
Everyday with Practical Electronics). Alternatively
send Access or Visa number and card expiry date.

Signature

Please supply name and address of card-holder if different
from the subscription address shown above. Subscrlp¢
tions can only start with the next available issue.

For back numbers see the Editorial page. [_M!o/94 |
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MAKE YOUR INTERESTS PAY!

Over the past 100 years more than 10 million students throughout the worid have found it worth
their while! An ICS home-study course can help you get a better job, make more money and
have more fun out of life! ICS has over 100 years experience in home-study courses, and is the
largest correspondance school in the world. You leam at your own pace, when and where you
want under the guidance of expert ‘personal’ tutors. Find out how we can help YOU. Post or
phone today for FREE INFORMATION on the course of your choice. (Tick one box ontyf)

Ll GCSE/A' LEVEL over 20 examination subjects to choose from. Ask for details.

Electronics D TV, Video & Hi-Fi Servicing D- I
C & G Basic Electronic Engineering [_] | Refrig & AirConditioning [ ] |
| — Engineering. " [ Pc Repair ] |
I | Eiectrical Contracting/Installation [} | Computer Programming m) I
| vermesmissms N |
Address _
| b.Code I

ins "~ International Corresp Schools, Dept. ECS Ad. 312/314 High Street.

\ Sutton, Surrey SM1 1PR. Tel: 041221 7373 (24 hours). Fax: 041-221 81 SLJ
X _ X K ] - S e e S e

| .

— KT N
Cooke International

SUPPLIER OF QUALITY USED TEST INSTRUMENTS

ANALYSERS, BRIDGES, CALIBRATORS, VOLTMETERS, GENERATORS,
OSCILLOSCOPES, POWER METERS, ETC. ALWAYS AVAILABLE

ORIGINAL SERVICE MANUALS FOR SALE
COPY SERVICE ALSO AVAILABLE
EXPORT, TRADE AND U.K. ENQUIRIES WELCOME
SEND LARGES.A,E. (50p POSTAGE) FOR LISTS OF EQUIPMENT & MANUALS
ALL PRICES EXCLUDE VAT AND CARRIAGE
'DISCOUNT FOR BULK ORDERS SHIPPING ARRANGED
OPEN MONDAY TO FRIDAY 9AM-5PM
Unit Four, Fordingbridge Site, Main Road, Barnham, Bognor Regis,
West Sussex, PO22 0EB
Tel (+ 44) 0243 545111/2 Fax (+ 44) 0243 542457
HIGH END EQUIPMENT PURCHASED

SERVICE MANUALS

We have what is probably the largest range of
Service Information available anywhere.
From the Earliest Valve Wireless to the

Latest Video Recorders. Colour Televisions,

Test Gear, Audio, Computers, Amateur Radio
in fact practically anything.
Write, Fax or Phone for immediate Quote.
Originals or Photostats as available.

Also available. Our FREE catalogue
detailing Hundreds of Technical Books
<& and Repair Guides available.

N4
5‘0 Now Available. Our Service Manuals Index on P.C. Disc for use on
your Computer. Just £3.50 with FREE everlasting Updates.

MAURITRON TECHNICAL SERVICES (EPE),
47A High Street, Chinnor, Oxon, OX9 4DJ.
Tel- 0844-351694. Fax:- 0844 352554,

Please forward your latest catalogue for which I enclose 2 x lst Class Stamps.
or £3.50 for the Technical Books Catalogue plus Manuals Index on PC Disc(s).
Discs are 3.5" (720k/1.4Mb) or 525" (360k/1.2Mb). Please indicate size required

NAME
ADDRESS

POSTCODE

h If you do not want o cut your magazine photocopy this ‘arm or use a seperate sheet. ;

MARAPET ELECTRONIC COMPONENTS

Tel: 0452 S26883
Spares for TV * Video * Audio * Computer Equipment
VIDEO SPARES COMPUTER SPARES
We can supply Pinch Rollers, Idlers. Belt PHILIPS MONITORS EQUIPMENT MANUALS
a8 Tor oy, Olher Service & | CM8833Line O/P Tx.....£21.27 NG yAT ON MANUALS®
makes
BB g MR . CM11342 Line O/P Tx Philips CM11342 Service. £9.99

TV - SATELLITE CMB073 Power Switch. MBB33S 7
AUDIO SPARES AMSTRAD s, POWIE2 Sarvica.. £14 53
Switches. Transiormers, Semiconductors. | CPC484 Keyboard...... .. £25.52 ams PC12MRCD Service. £5 00
eic., etc. Large range available 40054 ROM ( +2) £1189  ame PC14CD/O Service. £500
EQUIPMENT MANUALS Avasaaic, £658  CBM Co4/CB4C Service...£14 99
Large setection of Manufacturers | SED8420CAC £1483 CaMmesUser €5 49
Service & User information available COMMODORE CHIPS CBM CB4C User £499
Original manuals supplied it possible 8560 (C64) £13.49 C8MC + 4 User 549

SEMICONDUCTORS 8565 VIC (C64C) £15.03 SELE

We can supply thousands of different 83728 {A3000) £2091 cocg £3 5
Custom & Industry Standard devices. MBB81416-12 (C16) £3.75 Atari ST-DMA. £27 99
REMOTE CONTROL HANDSETS FLYBACK TRANSFORMERS  Spectrum ZX8401 £5.44
Very large range available from.. .£10.99 | We can supply a large range for QL ZX8302 £8.49

Monitors {Also TV equip). Spectrum TMS4532NL4 . . £0.99
PHONE for a PRICE & AVAILABILITY on | | ™

remen We only show a small sampie of our stock. Many Batteries, Leads
m, m;nation‘:ﬁ xrm@w for and Printer Spares also available. Please enquire.

All items subject to availability. Prices can change without notice

How to order. By Phone or Post. We .

accept Credit Cards with pleasure, .l:l:(‘; 1 M‘Hlpcr): ;'"El [K/) [‘r\'l/le\‘i,:Q,
DELTA & SWITCH. Please add: £1.20 (| ( \NBEA NEW
P&P (+50p for LOPTx's) then add 17 5% HORNBEAM MEWS
VAT. (NB: VAT 1a due on P&P - Manuala
are 2ero rated)

GLOUCESTER GL2 QUE

WE ARE STOCKISTS OF
REPLACEMENT JAPANESE ICs
AND TRANSISTORS

WE WOULD LIKE TO BUY OR SELL
ALSO ELECTRONICKITS.

YUGA ENTERPRISE
705 Sims Drive, Shun Li Industrial Complex,
#03-09 Singapore 1438.

Tel: 65-741-0300 Fax: 65-749-1048.

=== =
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Mixed metal/carbon film resistors ¥sW E12 series 10 ohms to 1 Megohm
Carbon Film resistors %W 5% E24 series 0.51 Rto 10MO .........................
100 oft per value - 75p. even hundreds per value totaling 1000 .................
Metal Film resistors %YW 10R to 1 MO 5% E12 series — 1%p. 1% E24 series ...
Mixed metal/carbon film resistors %W E24 series 1RO 10 10MO ..........

1 watt mixed metal/Carbon Film 5% E12 series 4R7 10 10 Megohms 5p
Linear Carbon pre-sets 100mW and %W 100R to 2M2 E6 series ...... - .. 7p
Miniature polyster capacitors 250V working for vertical mo

015,.022, .033, .047, .068-4p. 0.1 - 5p. 0.12,0.15,0.22 - 6p. 0.47 - 8p. 0.68 - 8p. 1.0- 12p
Mylar (polyester) capacitors 100V working E12 series vertical mountin

1000p to 8200p - 3p. .01 10.068 - 4p. 0.1 - 5p. 0.12, 0.15, 0.22 - 6p. 0.47/50V -gp
Submin ceramic piate capacitors 100V wkg vertical mountings. E12 series

2% 1.8pf to 47pf - 3p. 2% 56pf 10 330pf - 4p. 10?6 390p-4700p ........ccoco.crnrrinen.
Disc/plate ceramics 50V E12 series 1 PO to 1000P, E6 Series 1500P to 47000P
Polystyrene capacitors 63V working E12 series long axial wires

10pt 10 820pt - 5p. 1000pf to 10,000pf - Gg. 12,000pf ........ .
741 Op Amp - 20p. 555 Timer - 20p. LM3900 ...........ccoooooooovvoev.
CMOS 4001 - 20p. 4011 - 22p. 4017 - 40p. 4069UB unbuffered .... e
DIL holders, 8-pin 9p; 14-, 16-, 18-pin 12p; 24-pin 18p; 28-pin 20p; 40-pin 25p.
ALUMINIUM ELECTROLYTICS (Mfds/Volts)

1/50, 2.2/50, 4.7/50, 10/25, 10/50 ..
22/16, 22/25, 22/50, 33/16, 47/16
100/16, 100/25 7p; 100/50
220/16 8p; 220/25, 220/50 10p; 470/16. 470/25
1000/25 25p; 1000/35, 2200/25 35p; 4700/25 .................
Submin, tantalum bead electrolyics (Mfds/Voits)
0.1/35,0.22/35, 0.47/35, 1.0/35,3.3/16.4.7/16 .............
2.2/35,4.7/25,4.7/35,6.8/16 15p; 10/16, 22/6 e
33/10,47/6,22/16 30p; 47/10 35p; 47/16 60p; 47/
VOLTAGE REGULATORS

1A + or — 5V, 8V, 12V, 15V, 18V & 24V - 55p. 100mA. 5.8, 12,15,V + ... 30p
DIODES (piv/amps)

75/25mA 1N4148 2p. 800/1A 1N4006 4%p. 400/3A 1N5404 14p. 115/15mA OA91 .. 8p
100/1A 1N4002 3%p. 1000/1A 1N4007 5p. 60/1.5A S1M1 5p. 100/1A bridge .......... 25p
400/1A 1N4004 4p. 1250/1A BY 127 10p. 30/150mA OA47 gold bonded .... 1
Zener diodes E24 series 3V31033V400mW - 6p. 1 Watt ...................................

Battery snaps for PP3 - 7pfor PP ...........cc.cc.ooooveivieiiiecin,
L.E.D.’s 3mm. & S5mm. Red, Green, Yellow - 10p. Grommets 3m
Red flashing L.E.D.’s require 9-12V supply only, 5mm

Mains indicator neons with 220k resistor T ——
20mm fuses POOMA to 5A. O. blow 6p.A/surge 10p. Holders, chassis, mounting .
High speed pc drill 0.8, 1.0, 1.3, 1.5, 2.0mm - 40p. Machines 12V dc ........... .
HELPING HANDS 6 ball joints and 2 croc clips to hold awkward jobs ..

.1p
00p
.2p
1%p

AA/HP7 Nicad rechargeable cells 90p each. Universal charger unit . e £6.50
AA/HP7 zinc/carbon batteries in packs of 4 ................... . .. £1.10 per pack
Glass reed switches with single pole make contacts - 8p. Magnets ...... oo 20

0.1" Stripboard 2%" x 1" 9 rows 25 holes - 25p. 3% x 2%" 24 rows 3

Jack plugs 2.5 & 3.5m - 14p; Sockets Panel Mtg. 2.5 & 3.5m........

Ear pieces 2.5 & 3.5mm, dynamic - 20p; 3.5mm crystal

Multi cored solder, 22G - 8p yard, 18G - 14p yard

TRANSISTORS

BC107/8/9 - 12p. BC547/8/9 - 8p. BC557/8/9 - 8p. BC182, 182L, BC183, 183L,

BC184, 184L, BC212,212L - 10p.

BC327, 337, 337L - 12p. BC727,737 - 12p. BD135/6/7/8/9 - 25p. BCY70 - 18p

BFY50/51/52 - 20p.

8FX88 - 15p, 2N3055 - 55p, TIP31, 32 - 30p, TIP41, 42 - 40p. 8U208A - £1.50, 8F195,197 - 12p

lonisers with seven year guarantee, 240V AC, list price £16.950rmore .................... £12.50
Do notadd VAT. Postage 30p (free over £5). Stamp for list.

THE CR SUPPLY CO

127 Chesterfield Rd., Sheffield S8 ORN Tel: 0742557771 Return posting
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N. R. BARDWELL LTD (EPE)

200 Signal diodes 1N4148 £1.00
75 Rectifier Diodes 1N4001 £100
S0 Rectifier Diodes 1N4007 £1.00
25  Rectitier Diodes 1N5401 €100
100 Asstd Zeners £1.00
10 + NES56 Timer ICs £1.00
30 BCA478 Transistors €100
30 BC547 Transistors £1.00
30 BC558 Transistors £100
30 MPSA92 Transistors £100
30 Smmredleds £1.00
25 Asstd high brightness l.e d.s £1 01
24 Mimatureredl e d s 3mm dia €100
50 Axial l.e d.s {Diode package) wide

angle led.s €100
12° Asstd. seven segment displays. . . .€1 .00
30 Asstd. IF transformers £100
48  Asstd. coil formers. €100
100 Asstd. RF chokes (inductors) £1.00

30 Assld. connectors edge-dil-sil etc...£1.00
10 4P 3W MBB min. rotary switches. ...€1 00
20 1inch Glass reed switches £1.00
20 Magnetic ear pips plus lead & plug. £1 00
20 Min SP/CO slide switches £1.00
30  Asstd. d.i ). sockets up to 40 pin....... £1.00
20 24-way turned pin IC sockets €100
24 24 pind.i) wire wrap IC sockets......£1 00
2  DRP12light dependant resistors.....£1.00

200 Asstd. disc ceramic capacitors........ £1.00

80 Asstd. capacitors 1nf to 1uf £1 00
80 Asstd electrolytic capacitors £1.00
80 1UF 16V Radial etectrolytics £1.00
80 4.7UF 16V Radial electrolytics £1.00
7S 4.7UF 63V Radial eleclrolytics £1.00
80 10UF 16V Radial etectrolytics £100
50 10UF 50V Radial electrolytics £1.00
40 22UF 25V Radial electrolytics £1.00
60 33UF 16V Radial electrolytics £100
B0 100UF 10V Radhal eletrolytics €100
50 220UF 16V Radial etectrolytics ....... €100

60 470UF 10V Radial electrolytics. .. .
20 1000UF 10V Axial electrolytics..... ...£1 00

12 1000UF 25V Axial electroltics €100
1 1 Farad 5.5V memory back up

capacitor £1.00
100 4N7 Mini Axial capacitors 60p
100 S5mm plastic 1.e.d. holders (for

tapered l.e.d.s) £200
1 10 watt Stereo ampilitier, 4 controls

plus data

Prices include VAT, postage £1.25, Stamp for Lists
288 Abbeydale Road, Sheffield S7 1FL

Phone (0742) 552886 Fax (0742) 500689

Millions of quality components
at lowest ever prices!

Plus Tools, Watches, Fancy Goods, Toys.
Mail order UK only.
Allinclusive prices —

NO VAT to add on.
Send 43p stamped self addressed label or
envelope for catalogue/clearance list.

At least 2,100 offers to amaze you.
Brian J Reed
6 Queensmead Avenue, East Ewell

Epsom, Surrey KT17 3EQ
Tel: 081-393 9055

SHERWOOD ELECTRONICS
7 Williamson Street, Mansfield, Notts. NG19 6TD
SPECIAL OFFER - choose 2 x £1 packs FREE with every 12 purchased

SP1 15 x Smm Red Leds
SP2 15 x Smm Green Leds
SP3 12 x Smm Yellow Leds
SP4 10 x Smm Amber Leds
SP10 100 x 1N4148 diodes
SP11 30 x IN4001 diodes
SP12 30 x IN4002 diodes
SP18 20 x BC182 transistors
SP19 20 x BC183 transistors
SP20 20 x BC184 transistors
SP22 20 x BC214 transistors
SP23 20 x BCS549 transistors
SP24 5 x Cmos 4001

SP28 5 x Cmos 4011

SP29 4 x Cmos 4013

SP36 25 x 10/25V radial elect caps

SP37 15 x 100/35V radial elect caps
SP42 200 x Mixed 0.25W C.F. resistors
SP47 5 x Min. push bution switches
SP102 20 x 8 pin DIL sockets

SP103 15 x 14 pin DIL sockets

SP104 15 x 16 pin DIL sockets

SP112  § x Cmos 4093

SP125 10 x 1000/18V radiat elect caps
SP130 100 x Mixed 0.5W C.F. resistors
SP133 20 x 1N4004 diodes

SP134 15 x 1N4007 diodes

SP137 4 x WO005 1.5A bridge rectifiers
SP138 20 x 2.2/50V radial elect caps
SP142 2 x Cmos 4017

SP147

5 x Stripboard 9 strips x 25 holes
SP165

2 x LF351 Op-amps

RESISTOR PACKS - 0.25W C Film

RP3  * § each value - total 365 £2.50
RP7 10 each value ~ total 730 £3.75
RPI10 1000 popular values £4.95

Catalogue available £1 or FREE
with first order over £5

ChequesorP.0.t0 SHERWOOD ELECTRONICS wowr
Ploase add €1.25 PAP to all orders

80 Column printer stand...... £4.50
132 Column printer stand....£4.95
80286-1 Microprocessor...£9.95"
Electret condenser mics
£1ea10for £5*
5%" to 3%” floppy converter
leads £1.50ea"
360K 5%" customer returned

disk drives. 2 for £5
9-pin High Density VGA

leads. £2.50"
10A 250V {EC leads. £1.50°
Spectrum 128K+ 2 p.s.u

9V 21A £4.95

STC p.s.u. 240V Input; 5V 6A
QOutput, (converts to 12V 3A,

details supplied) £5.95
Temperature probes, with

data .£3.95"°
Universal Timer (10 min

delay and 20 min. cut-off

functions) £3.95°

Dictaphone cassette mech.£2.00"
35mm Camera returns, with
auto flash, wind on, etc
) £6 ea, 2 for £10"
60mm?2 12V D.C. brushless fans
£3.50 ea, 10 for £30*
40 Character x 1-line dot
matrix display. £4.95ea"
Car Dashboard Display (shows
lights, indicators, doors,

on picture of car) £4.95"
4-digit clock display. £2.50"
4-digit l.c.d. with 7211

dniver £3.50"
17-digit v.f. display. £2.95"

Giant 2 digit v.f. display.....£2.95"
12V stepper motors, 48 steps
per rev., 7-3° step angle...£3.95"
250 off mixed electrolytic
caps.
250 off polyester caps........£4.95"
1000 off mixed resistors
%W £4.95"
100 off phono plugs.
50 off mixed terminal
blocks.

25 off buzzers & sounders..£3.50"
25 off mixed relays. i
50 off mixed switches........ £7.50°
250 off i.c. sockets.
1000 off Ceramic caps........ £7.50°
5 off 3V Lithium memory

back-up batteries. £2.00"
100 off 2200uF 25V caps...£6.00*
100 off 4-7uF 25V caps...... £2.50°
3ib mixed component

pack £4.95
Jumbo component pack £10
Crystal oscillators

10/12Mhz. £1ea

S5VDPCOD.I.L.relay........ 60pea’
5V SPCO S.1.L. reed relay..40p ea”
12V Piezoelectric Sounders.50p ea
DIL Switches 3/4/6 and

12-way 35pea”
Sounder and video modulator

£3.50 ea, 10 for £20"°

UM1233 video modulators.....£2"
3-5mm jack plugs. 10 for £1°
16A BT surge arrestors..10 for £6°
100 off Zener diodes, mixed....£2*
21-piece mini screwdriver

set £3.95"
Universal test lead kit £3.95"
10 crocodile clip leads........ £3.50"
20 off mixed R.F. Filters,

Crystals, etc. £4.95"
100m P.V.C_sleeving £4.50"

QUANTITY DISCOUNTS AVAHLABLE
PLEASE RING
We also buy all forms qf electronic
components, p.s.u’s, disk dnves etc
Lists to below address.

ALLPRICES INCLUDE VA.T.
PLEASEADD £2.00p&p EXCEPT
ITEMS MARKED* WHICH ARE 50P.
SAE FORBULK BUYING LIST
PAYMENT WITH ORDER TO.

Dept EE, COMPELEC,

14 Constable Road,
St. lves, Huntingdon,
Cambs PE17 6EQ
Tel/Fax: 0480 300819
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PODWER AMPLIFIER MDDULES-TURNTABLES-DIMMERS-

LOUDSPEAKERS-19 INCH STERED RACK AMPLIFIERS

THOUSANDS PURCHASED
BY PROFESSIONAL USERS

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

MXF600 (300W + 300W) MXF900 (450W + 450W)

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: i power supplies with two loroidal transformers % Twin L.E.D. Vu meters %
Level controls # Illumlnaled on/off switch * XLR connectors * Standard 775mV inputs % Open and short circuit
proof * Latest Mos-Fets for siress free power delivery into virtually any load % High slew rate % Very low
distortion * Aluminium cases * MXFB00 & MXF300 fan cooled with D.C. loudspeaker and thermal protection.
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SI1ZES:- MXF200 W19 'xH3"2" (2U)xD11"
MXF400 W19 'xH5%" (3U)xD12"
MXF600 W19 xH5"s" (3U)xD13"
MXF900 W19 'xH5%" (3U)XD14%"
PRICES:-MXF200 £175.00 MXF400 £233.B5
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL. £12.50 EACH

Advanced 3-Way Stereo Active Cross-Over, housed in a 19" x 1U case. Each channel has three level controls:
bass, mid & top. The removable front fascia allows access to the programmable DIL switches to adjust the
cross-over lrequency: Bass-Mid 250/500/800Hz, Mid-Top 1.8/3/5KHz, all at 24dB per oclave. Bass invert swltches
on each bass ch 1. Nominal 775mV inp put. Fully ible with OMP rack amplitier and modules.

Price £117.44 + £5.00 P&P

* ECHO & SOUND EFFECTS»

400SE]

0D M

STEREO DISCO MIXER with 2 x 7 band
L & R graphic equalisers with bar graph
LED Vu meters. MANY OUTSTANDING
FEATURES:- including Echo with repeat &
speed control, DJ Mic with talk-over
switch, 6 Channels with individual faders
plus cross fade, Cue Headphone Monitor. 8
Sound Eﬂec!s Useful combination of the
t 3 tur | (mag), 3
mics, 5 Lme lor CD, Tape, Video etc.

Price £144.99 + £5.00 P&P

These modules now enjoy a world-wide repulation for quality, rellability and performance at a realistic price. Four
models are available to suit the needs ol the professional and hobby market {.e. indusiry, Leisure, Instrumental and HI-Fi
etc. When comparing prices, NOTE that all models include toroidal power supply, integral sink, glass fibre P.C.B. and
drive circuits to power a compatible Vu meler. All models are open and short circuit prool.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Output power 110 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3d8, Damping Factor >300, Slew Rate 45V/u$,
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 123 x 60mm.
PRICE £40.B5 + £3.50 P&P

OMP/MF 200 Mos-Fet Output power 200 walts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 50V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 155 x 100mm.

PRICE £64.35 + £4.00 P&P

OMP/MF 300 Mos-Fet Output power 300 walts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 60V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 330 x 175 x 100mm.

PRICE £81.75 + £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3d8, Damping Factor >300, Slew Rate 75V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110. dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE €1 32 BS + :5 OO P&P

OMP/MF 1000 Mos-Fet Output power 1000 watts
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms,
frequency response 1Hz - 100KHz -3dB, Damping
Factor >300, Slew Rate 75V/uS, T.H.D. typical
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan
Cooled, D.C. Loudspeaker Protection, 2 Second
Anti-Thump Delay. Size 422 x 300 x 125mm.

PRICE £259.00 + £12.00 P&P

NOTE: MOS-FET MOOULES ARE AVAILABLE IN TWO VERSIONS:
STANOARO - INPUT SENS 500mV, BANO WIOTH 100KHz.

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS
775mV, BAND WIOTH SOKHz. ORDER STANDARD OR PEC.

Join the Piezo revolution! The low dynamic mass (no voice coil) of a Plezo tweeler produces an improved
translent response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required
these units can be added to existing speaker systems of up to 100 watts (more if two are put In series. FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.
P TYPE ‘A" (KSN1036A) 3" round with protective wire mesh. Ideal for
TYPE ‘B’ (KSN1005A) 3';" super horn for general purpose speakers,
disco and P.A. systems etc. Price £5.99 - 50p P&P.
P
3 \¢ tems and quality discos etc. Price £6.99 ~ S0p P&P.
- j TYPE ‘D' (KSN1025A) 2"x6" wide dispersion horn. Upper frequency
= Bl qualny Hi-Fi systems and quality discos. Price £9.99 - 50p P&P,
TYPE‘E’' (KSN1038A) 3%" horn tweeter with attractive silver finish trim.
LEVEL CONTROL C s,onar plate, level control
and cabinet input jack socket. 85x85mm. Price £4.10 ~ 50p P&P.

{ A _A .4 bookshelt and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P.
TYPENZ tvee Bk \f
TYPE ‘C’' (KSN1016A) 2 x5" wide dispersion horn for quality Hi-Fi sys-
~ r d g down to mid-range (2KHz). Suitable for high
)
Q Suitable for Hi-Fi monitor systems etc. Price £5.99 ~ 50p P&P,

TYPE D

A new range of quality loudspeakers destgned to take advantage of the latest
speaker tech gy and gns. Both models utilize studio quality
127 cast alumimum Ioudspeakers with factory fitted grilles, wide dispersion
constant directivity horns, extruded aluminium corner protection and steel
ball corners. complimented with heavy duty black covering. The enclosures
are fitted as standard with top hats for optional loudspeaker stands.

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz

iblFC 12-100WATTS (100dB) PRICE £159.00 PER PAIR
ibl FC 12-200WATTS (100dB) PRICE £175.00 PER PAIR
SPECIALIST CARRIER DEL. £12.50 PER PAIR
OPTIONAL STANDS PRICE PER PAIR £49.00
Delivery £6.00 per pair

WolVofJY.45;}. LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(60p STAMPED) FOR COMPLETE LIST.

McKenzie and Fane Loudspeakers are also available.
MEN PA..D O G

ALL EMINENCE UNITS B OHMS IMPEDANCE

8" 100 WATT R.M.S. MEB-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO.

RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 97dB. PRICE £32.71 + £2.00 P&P
10" 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID.

RES. FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENS97d8. PRICE £33.74 + £2.50 P&AP
10" 200 WATT R.M.S. ME10-200 GUITAR, KEYB'D, DISCO, VOCAL, EXCELLENT HIGH POWER MID.
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99d8. PRICE £43.47 + £2.50 P&P
12" 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR.
RES.FREQ. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE £35.64 + £3.50 P&P
12" 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., VOCAL, STAGE
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE £36.87 + £3.50 P&P
12" 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID.

RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 98dB. PRICE £46.71 + £3.50 P&P
12" 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC.
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103d8B. PRICE£70.19 + £3.50 P&P
15" 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.

RES. FREQ. 46Hz, FREQ. RESP. TO 5KHz, SENS 99d8B. PRICE £50.72 +~ £4.00 P&P
15" 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR.

RES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103d8B. PRICE£73.34 ~ £4.00 P&P

ARR

ALL EARBENDER UNITS B OHMS (Except EB8-50 & EB10-50 which are dual impedance tapped @ 4 & 8 ohm)
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND

8’ 50watt EBB-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-Fi, IN-CAR.

RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97d8. PRICE £8.90 +~ £2.00 PAP
10" SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-Fl, IN-CAR.

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99d8. PRICE£13.865 + £2.50 P&P
10" 100WATT EB10-100 BASS, HI-F), STUDIO.

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB.

12" 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO.
RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 + £3.50 P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND

5'«" 6OWATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.
RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92d8.

6'2" GOWATT EB6-60TC (TWIN CONE) HI-Fi, MULTI-ARRAY DISCO ETC.
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB.

B” 6OWATT EBB-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC.
RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89d8. PRICE£12.99 ~ £1.50 P&P
10" 6OWATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.

RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICE £16.49 + £2.00 P&P

= N

PRICE £30.39 + £3.50 P&P

PRICE £9.99 + £1.50 P&P
PRICE £10.99 + 1.50 P&P

e
-CAR STEREO BOOSTER AMP

CARSTEREO BOOSTER AMPLIFIERS
150 WATTS (75 « 75) Stereo, 150W
Bridged Mono

250 WATTS (125 + 125) Stereo, 250W
Bridged Mono

400 WATTS (200 + 200) Stereo, 400W
Bridged Mono

ALL POWERS INTO 4 OHMS
Features:

* Sfereo, bridgable mono * Choice of
high & low level inputs * L & R level
controls * Remote on-off * Speaker &

PRICES: 150W £49.99 250W £99.99
400W £109.95 P&P £2.00 EACH

BANSM

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS
3W TYRANSMITTER 80-108MHz. VARICAP CONTROLLED PROFESSIONAL
PERFORMANCE. RANGE UP TO 3 MILES, SIZE 38 x 123mm. SUPPLY 12V G 0.5AMP.
PRICE £14.85 - £1.00 P&P
FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH

VERY SENS FET MIC, RANGE 100-300m. SIZE 56 x 46mm, SUPPLY 9V BATTERY.

FOWTAL CHARGES PER ORDER £1.00 "MIMUM. OFFICIAL

OROERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PL.Cs ETC.

PRICES INCLUSIVE OF V.A.T. SALES COUNTER. VISA AND
ACCESS ACCEPTED BY POST, PHONE OR FAX.

thermal orotection.
— ——

.

PRICE £8.80 - £1.00 P&P PHOTO: 3W FM TRANSMITTER

B.K.ELECTRONICS

UNITS 1& SCOMET WAY, SOUTHENO-ON-SEA,
ESSEX.SS26TR.
Tel.:0702 -527572 Fax.:.0702-420243




OUT OF
THIS WORLD
ONLY

Over 800 colour packed pages
with hundreds of Brand New
Products at Super Low Prices.

¢ Available from all branches of WHSMITH, John Menzies in Scotland

ONLY, Eason & Son in N. Ireland ONLY, and Maplin stores nationwide.
The Mablin Flectranice 1908 Catalaciie — OLIT OF THIC WADI DI




