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MICROWAVE CONTROL PANEL. Mains operated, with touch
switches. Complete with 4 digit display, digital clock, and 2 relay
outputs one for power and one for pulsed power (programmable).
Ideat for all sorts of precision timer applications etc. Now only £4.00
ref aP151. Good experimenters board.

FIBRE OPTIC CABLE. Stranded optical fibres sheathed in black
PVC, Five metre length £7.00 ref 7P29R or £2 a metre.

12V SOLARCELL. 200mA outputideal for trickle charging etc. 300

mm square. Our price £15.00 ref 15P42R. Gives up 3

1o 15v.
PASSIVE INFRA-RED MOTION SENSOR.
Complete with daylight sensor, adjustable lights on

timer (8 secs -15 mins), 50' range with a 90 deg e
coverage. Manual ovende fadlity. Complete with Vs
wall brackets, bub hoiders etc. Brand new and . /,"

guaranteed. Now only £18.00 ref 19P29

Pack of two PAR38 bulbs for above unit £12.00 ret
12P43R

VIDEO SENDER UNIT. Transmit both audio and video signais
from either a video camera, video recorder or computer to any
standard TV set within a 100’ range! (lune TV to a spare channel).
12v DC op. £15.00 ref 15P39R Suitable mains adaptor £5.00 ref
5P191R. Turn your camcorder into a cordless cameral
FMTRANSMITTER Housed In a standard working 13A adapter
(bug is mains driven). £26.0C re! 26P2R. Good range.
MINATURE RADIO TRANSCEIVERS. A pair of walkie ..
talkies with a range of up to 2 kilometres. Units measure t.ﬁ

LU

§o

22x52x155mm. Complete with cases and earpieces £30.00 |
ref 30P12R

FM CORDLESS MICROPHONE. Small hand heid unit
with a 500" rangel 2 transmit power levels. Reqs PP3 battery.
Tuneable to any FM receiver. Our prce £15. ref 15P42AR.
12 BANDCOMMUNICATIONS RECEIVER. 9 shortbands,
FM, AM and LW DX/local switch, tuning ‘eye’ mains or battery.
Complete with shoulderstrap andmainsiead. £ 19 ref 19P14R,
Ideal for listening all over the world.

CAR STEREO AND FM RADIO. Low cost stereo system giving
5 watts per channel. Signal to noise ratio better than 45db,

wow and flutter iess than .35%. Neg earth. £19.00ref 19P30 l I
LOW COST WALIKIE TALKIES. Pair of battery operated

units with a range of about 200". Our price £8.00 a pair ref P -
8P50R. Ideal for garden use or as an educational toy.

7 CHANNEL GRAPHIC EQUALIZER plus a 60 watt power ampl
20-21KHZ 4-8R 12-14v DC negative earth. Cased. £25 ref 25P14R.
NICAD BATTERIES. Brand new top quality. 4 x AA’s £4.00 ref
4P44R. 2 x C's £4.00 ref 4P73R, 4 x D's £9.00 ref 3P 12R, 1 x PP3
£6.00 ref 6P35R Pack of 10 AAA s £4.00 ref 4P92R.

TOWERS INTERNATIONAL TRANSISTOR SELECTOR
GUIDE. The uftimate equival ents book. New ed. £20,00 ref 20P32R.
GEIGER COUNTERKIT. Complete with tube, PCB and all compo-
nents 1o build a battery operated geiger counter. £39.00 ref 39P 1R
FM BUG KIT. New design with PCB embedded coil. Transmits to
any FM radio. 9v baftery req'd. £5.00 ref 5P158R. 35mm square.
FM BUG Built and tested superior v operation £14.00 ref 14P3R
COMPOSITE VIDEO KITS. These convert composite video Into
separate H sync, V sync and video. 12v DC. £8.00 ref 8P39R.
SINCLAIR C5 MOTORS, 12v 29A (full load) 3300 rpm 6°x4* 1/4°
O/P shaft. New.£22.00 ref 20P22R. Limited stocks.

As above but with fitted 4 to 1 Inline reduction box (800rpm) and
toothed nylon beit diive cog £45.00 ref 40P8R. 800 rpm.
ELECTRONIC SPEED CONTROL KIT for C5motor. PCB and all
components to build a speed controller (0-95% of speed). Uses
pulse width modulation. £17.00 ref 17P3R. Potentiometer controi
SOLAR POWERED NICAD CHARGER. Charges 4 AA
nicads in 8 hours. Brand new and cased £6.00 ref 6P3R. 2xC

cell model £6.00

ACORN DATA RECORDER ALF503. Made for BBC
computer but suitable for others. Includes mains adapter, leads and
book. £15.00 ref 15P43R

VIDEO TAPES. Three hour superior quality tapes made under
licence from the famous JVC company. Pack of 10 tapes New low
price £15.00 ref J15P4

PHILIPSLASER. 2MWHELIUMNEON LASERTUBE. BRAND
NEW FULL SPEC £40.00 REF 40P10R. MAINS POWER
SUPPLY KIT £20.00 REF 20P33R READY BUILT AND
TESTED LASER IN ONE CASE £75.00 REF 75P4R.

12TO 220V INVERTER KIT. As supplied it will handle up to about
15w at 220vbutwith alarger transformerit will handle 80 watts. Basic
kit £12.00 ref 12P17R. Larger transformer £12.00 ref 12P41R.
WIND UP SOLAR POWERED RADIO!I FM/AM Radio takes
rechargeable battenes Complete with hand charger and solar
panel. £14.00 REF 14P200RA

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10
£4.00 REF 4P92R, PACK OF 100 £30.00 REF 30P16R.
FRESNEL MAGNIFYING LENS. 83 x 52mm £1.00 ret BD827R.
12V 19A TRANSFORMER Ex equipment £20 but OK
POWER SUPPLIES Made for the Spectrum plus 3 give +5 @
2A, 412 @700mA 8 -12 @ 50mA. £8 ref QB8P3

UNIVERSAL BATTERY CHARGER. Takes AA’s, C's, D's and
PP3 nicads. Hoids up to 5 batteries at once. New and cased, mains
operated. £6.00 ref 6P36R.

IN CAR POWER SUPPLY. Plugs Into cigar socket and gives
34,56.7.59, and 12v outputs at 800mA. Complete with universal
spider plug. £5.00 ref 5P167R.

QUICK CUPPA? 12v immersion heater with lead and cigar lighter
plug £3.00 ref 3P92R. Ideal for tea on the movel

LED PACK . 50 red, 50 green, 50 yellow all 5mm £8.00 ref 8P52

THIS MONTHS

SPECIAL OFFERS

AMSTRAD MP3 £19.00

VHF/UHF TV Receiver, converts RGB or composite
monitor into colour TV.
Brand new and cased £19. each REF: EV19PI

INDUCTIVE AMPs £5.00

Made for amplifying a telephone handset for the hard
of hearing. However if you hold one against piece of
wire carrying a telephone conversation you can hear
both sides of the conversation ! It can also be used for
tracing live wires in a wall or detecting cables carrying
mains etc.

Fully cased complete with battery and fixing strap.
Aprox. 2.5" diameter 1" thick.

Just £5.00 each. REF: EV5P3

ME TERMINALS £27.00

Industry standard. 14" screen (green or amber), 80 col
or 132 col mode, VT131, VT100, VT52 emulations,
XOn-X off or DTR, baud rates from 50-19, 200,
standard char sets

Tested and working including keyboard £27.00

REF: EV27P1

DISC DRIVES BBC MOD

PC CORNER

286 PC PACKAGE
you get.....

286 PC with Imb RAM
MONO MONITOR
102 KEYBOARD
1 FLOPPY DRIVE
40MB HARD DRIVE
DESKTOP CASE

COMPLETE SYSTEM
READY TO GO

OUR PRICE JUST
£299.00!

£9.00

JVC 3.5" drive supplied with well explained
modification details to enable use with a BBC computer.
Price for drive and data £9.00. REF: EV9P1

PS2 KEYBOARD £18.00

Standard 102 key keyboards designed to plug into IBM
PS2 AT computers.
Our Price £18.00. REF: EVI18P1

TANDON HARD D E

Did you buy a 1640 base unit? These Tandon hard
drives are 10mb half heights units, model no
T™M252 MFM. Oﬂ'er/‘:d to you at less than a 1.44mb
floppy!  Price £25.00. REF: EV25P]

CTM644 COLOUR
MONITORS £79.00

Refurbished monitors suitable for many home
computers standard RGB input. £79.00 EACH
REF: EVT9P1

RABBIT VIDEO SYSTEM £29

Enables video/audio signal to be received on any TV in
the house. Use VCR remote with any TV (even non-
remote) to control VCR functions downstairs etc
Transmits via 2 wire system. Retails at £60.00 our price
£29.00 REF: EV29P1

SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK

PC CASES Desktop case +psu £51.60 ref BPCC1, Deluxe slimline
case +psu £60.00 ref BPCC2, Minitower case +psu £51.60 ref
BPCC3, Deluxe midi case +psu £390.00 ref BPCC4.
MONITORS Mitac 14° SVGA .39DP £174 ref BPCM02, Mitac 14"
SVGA .28DP £202 ref BPCMO1.
MEMORY 256K Simm 70ns £8.40 ref BPCM}1, 1MB Simm 70ns
£26.40 ref BPCMI2, 4MB Simm 70ns £96 ref BPCMI3
MICE 2 button seral mouse with 3.5° siware. £8.40 ret BPCMIE,
3button senal mouse with 3.5° s/ware £9.,60 ref BPCMI7
KEYBOARDS 102 AT UK standand keyboard £18.60 ref BPCMI4,
Deluxe keyboard 102 AT UK £26.40 ref BPCMI5.
SOFTWARE MS DOS V5 OEM version. £39.60 ref' BPCMI8, MS
WINDOWS V3.1 OEM version, £42 ref BPCMI9.
MOTHERBOARDS 286-16 Headland chipset£46.80 ref BPCMB1,
3868X-33 Acer chipset £82.80 ref BPCMB2, 3865X-40 UMC with
64K cache £110 ref BPCMB3, 4865X-25 UMC with 64k cache £191
ref BPCMB4, 486DX-33 UMC with 256k cache £378 ref BPCMBS5,
486DX-66 UMC with 256k cache £515 ref BPCMBS6.
FLOPPY DRIVES 1.44mb 3.5 drive £32.34 ref BPCDDOS5, 1.2MB
525° drive £38.40. 3.5° mounting kit £5 ref BPCDDO7.
HARD DRIVES 42MB 1DE 17ms £99 ref BPCDDO1, 89MB IDE
16ms ref BPCDDO02, 130MB IDE 15ms £215 ref BPCDDO3, 213MB
IDE 14ms £298 ref BPCDDO4.
VIDEO CARDS 256k C&T 8 bit SVGA card £19.20 ref BPCVCO1,
512k Trident 9000 16 bit SVGA card £31.20 ref BPCVC02, 1MB
Trident 8300 16 bit SVGA card £45 ref BPCVCGO3, 1MB Cirus
AVGA3 16.7M colours £48 ref BPCVC04, 1MB Tseng multimedia
£82.80 ref BPCVCOS.
ADD ON CARDSMutti1/Ocard 2 serial, 1 parralel, 1 game, 2 floppy,
2 IDE hard drives. £11 ref BPCAOCO1, ADLIB sound cand with
speakers £37 ref BPCAOCO2, Orchid sound card with speakers £63
ref BPCAOCO3.

EXAMPLES OF COMPLETE SYSTEMS
386SX-33 SYSTEM
386SX-33 board at £82.80, case £51.60, 2MB ram £52.80, 42MB
drive £99, 512SVGA cand £31.20, 3.5° FDD £32.34, multi /O card
£11 SVGA colour monitor £4174, 102 kboard, £25 build fee if re-
quired. Total £579.34
486DX-33 SYSTEM
486Dx-33 board £378, case £51.60, 2MB ram £52.80, 89MB drive
£166, 512 SVGA card £31.20, 3.5° FDD £32.34, multi /o card £11,
SVGA monitor £174, 102 k/board £18.60, £25 build fee If required.
Total £939.84.
ALL PC PARTS AND SYSTEMS ARE GUARANTEED FOR 1
YEAR PARTS AND LABOUR.

IN SUSSEX? CALL IN AND SEE US!

GOODS ORDER £5 00. TRADE ORDERS
OM GOVERNMENT, SCHOOLS, UNIVERSITIES
LOCAL AUTHORITIES WELCOME. ALL GOODS
SUPPLIED SUBJECT TO OUR CONDITIONS OF
SALE AND UNLESS OTHERWISE STATED
IGUARANTEED FOR 30 DAYS.

RIGHTS RESERVED TO CHANGE PRICES &
SPECIFICATIONS WITHOUT PRIOR NOTICE.
IORDERS SUBJECT TO STOCK. QUOTATIONS
'WILLINGLY GIVEN FOR QUANTITIES HIGHER
THAN THOSE STATED. .

BULL ELECTRICAL

250 PORTLAND ROAD HOVE SUSSEX
BN3 5QT

MAIL ORDER TERMS: CASH PO OR CHEQUE|
WITH ORDER PLUS £3.00 POST PLUS VAT.

PLEASEALLOW T - 10 DAYS FOR DELIVERY

TELEPHONE ORDERS WELCO!
TEL: 0273 203500 VISA
FAX: 0273 323077 i

TURN YOUR SURPLUS STOCK INTO
CASH. IMMEDIATE SETTLEMENT.
WE WILL ALSO QUOTE FOR
COMPLETE FACTORY CLEARANCE,

MUCH MUCH MORE IN OUR 1993
CATALOGUE. PLEASE SEND 41P, A4
SIZED SAE FOR YOUR FREE COPY.
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8088 XT - PC99

* 256k RAM - expaﬁdable ¢ Factory burnt-in
to 640k * Standard 84 key

* 4.7 Mhz speed keyboard
* 360k 5-1/4" tioppy . 12"' gé:oan screen
inclu

* 2 serial & 1 parallel ports
* MS-DOS 4.01
Optional FITTED extras: 640K RAM £39. 12° CGA colour

monitor with card £39. 2nd 5-1/4" 360K floppy £29.95. 20
mbyte MFM hard drive £99.

* In good used condition

THE ORIGINAL SURPLUS WONDERLAND!

LOW COST PC SPECJALISTS - ALL EXPANDABLE - ALL PC COMPATIBLE

PC286

* 2 serial & 1 paraliel
ports

* 640k RAM expandable
with standard SIMMS

* 12 Mhz Landmark speed * MS-DOS 4.01

* 20 meg hard disk ¢ Co-processor socket

* 1.2 meg 5-1/4" floppy  * Enhanced 102 key

1A NaGE- L c7Yb:aa.rd tendar with
: ock & cale wi

* EGA driver on board battery back up

BRAND NEW AND BOXED!

.2 meg RAM expanded ¢ 2 serial & 1 parallei
‘by sidts ports

* 20 Mhz with 32k cache.

* MS-DOS 4.01
Expandable to 64k

® Co-processor socket
* 40 meg hard disk » Enhanced 102 keyboard

* 1.2 meg 5-1/4" loppy  , kwik Disk Accelerator
* VGA card installed Software - FREE

BRAND NEW AND BOXED!

0nlv£249.00m 0"'VE425.00m

v£99.00
Only . =
FLOPPY DISK DRIVES
514" from £22.95 - 312" from £21.95!

Massive purchases of standard 514" and 312" drives enables us
to present prime product at industry beating low prices! All units
{unless stated) are removed from often brand new equipment
and are fully tested, ali?ned and shipped to you with a S0 day
guarantee and operate from standard voltages and are of stand-
ard size. All are IBM-PC compatible (if 372" supported).
3.5" Panasonic JU363/4 720K or equivalent £€29.95(B)
3.5* Mitsubishi MF355C-L. 1.4 Meg. Laptops only® £29.95(B)
3.5" Mitsublshi MF355C-D. 1.4 Meg. Non laptop ~ £29.95(B)
5.25* EXTRA SPECIAL BRAND NEW Mitsubishi MFS01B
360K. Absolutely standard fits most computers £22.95(B)
* Data cabie included in price.

Shugart 800/801 SS refurbished & tested 2175.002Eg
Shugart 851 double sided refurbished & tested £275.00(E
Mitsubishi M2894-63 double sided switchable 1

hard or soft sectors- BRAND NEW £250.00(E)

Dual 8" drives with 2 mbyte capacity housed in a smart case

with built in power supply! Ydeal as exterior drives! £499.00(F)
End of line purchase scoop! Brand new NEC D2246 8" 85
megabyte of hard disk storage! Fult CPU control and industry
standard SMD interface. Ultra hi speed transfer and access time
leaves the good old ST506 interface stand| ion
and comes complete with manual. On

Converts your colour monitor into a
. QUALITY COLOUR TVH!

% TV SOUND
- & VIDEO

TUNER!

The TELEBOX consists of an attractive fully cased mains
powered unit, containing all electronics ready to plug into a host
of video monitors made by manufacturers such as
MICROVITEC, ATARI, SANYO, SONY, COMMODORE,
PHILIPS, TATUNG, AMSTRAD and many more. The composite
video output will also plug directly into most video recorders,
allowing reception of TV channels not normally receivable on
most television recelvers (TELEBOX MB). Push button controls
on the front panel aliow reception of 8 fully tuneable ‘off air’ UHF
colour television or video channels. TELEBOX MB covers vir-
tually all television frequencies VHF and UHF including the
HYPERBAND as used by most cable TV operators. Composite
and RGB video outputs are located on the rear panel for direct
connection to most makes of monitor. For complete compatibility
even for monitors without sound - an integral 4- watt audio
amplifier and iow level Hi Fi audio output are provided as
standard.
Telebox ST  for composite video input monitors £32.95
Telebox STL as ST but with integral speaker £36.50

TUMROLHA A0 BT 00 MR e YHE-UHE-Gaoe:

& hyperband For overseas PAL versions state
5.5 or 6mhz sound specification. £69.95
Telebox RGB for analogue RGB monitors (15khz) £69.95
Shipping code on all Teleboxes is (B)
RGB Telebox also suitable for IBM muttisync monitors with RGB
analog and composite sync. Overseas versions VHF & UHF call.
SECAM / NTSC not available.

No Break Uninterruptable PSU’s

Brand new and boxed 230 volts uninterruptable power supplies
from Densel. Model MUK 0565-AUAF is 0.5 kva and MUD
1085-AHBH is 1 kva. Both have sealed lead acid batteries. MUK
are intemal, MUD has them in a matching case. Times from
interrupt are 5 and 15 minutes respectively. Complete with full
operation manuals...........MUK......£249 (F) MUD.....£525 (G)

1992 Winter Issae of Display News now available

Dept EE. 32

-

ECTRONICS -

MAIL ORDER & OFFICES
Open Mon-Fri 9.00-5.30

Upper Norwood,
Ltondon SE19 3XF.

All prices for UK Mainland. UK customers add
welrc,ome-mnmmum acoount order £30. Cardage charges (A)=£2.00. (A1)=£3.75. (B)=£5.50. (C)=£8.50. (D)=£11.50.

{The Philips 9CMO73 is suggested for the PC286 and the
CM8873 for the PC386. Either may use the SVGA MTS-9600
if a suitable card is instailed. We can fit this at a cost of £49.00 =
for the PC286 and £39.00 for the PC386. s
POWER SUPPLIES & |
Power One SPL200-5200P 200 watt (250 w paak).Semi open
frame giving +5v 35a, -5v 1.5a, +12v 4a (8a peak), -12v 1.5a,
+24v 4a (6a peak). All outputs fully regulated with over voltage
protection on the +5v output. AC input selectable for 110/240
vac. Dims 13" x 5" x 2.5°. Fully guaranteed RFE. £85.00 (B)
Power One SPL130. 130 watts. Selectable for 12v (4A) or24 v
(2A). Sv @ 20A. £ 12v @ 1.5A. Switch mode. New.  £59.95(B)
Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @
2a.-12v @ 0.1a. 6-1/4" x 4" x 1-3/4".New £22.95(8)
Greendale 19ABOE 60 walts switch mode.+5v @ 6a,t12v @
1a,+15v @ 1a. RFE and fully tested.11 x 20 x5.5cms. £24.95(C) IBM PC's, Amiga, Atari (excluding the
Conver AC130. 130 watt hi-grade VDE spec.Switch mode.+5v monochrome high resolution mode), BBC,
@ 15a,-5v @ 1a,212v @ 6a.27 x 12.5 x6.5cms.New. £49.95(C) Archimedes etc. Good used condition (possible minor screen
Boshert 13090.Switch mode.ldeal for drives & system. +5v@ 6a, bums) 90 day guarantee. 15" x 14°x 12°. Only ..............E139(E}
+12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29.95(8) phiips 9CMO73 similar (not identical) to above for EGA/CGA

Farnell G6/40A. Switch mode. 5v @ 40a.Encased £95.00(C) pC and compats. 640 x 350 resolution. With Text switch with
Famelii G24/SS. As above but 24v @ Sa. £65.00(C) amber or green screen selection. 14° x 12° x 13-1/2°

KME 10" high definition colour monitors. Nice ¢
BBC Modei B APM Board tight 0.28" dot pitch for superb clarity and
£100 CASH FOR THE modem styfing. Operates from any 15.625 khz |
MOST NOVEL sync RGB video sourge, with RGBCanalogdand
composite sync such as Atari, Commodore
DEMONSTRATABLE
APPLICATION!

Amiga, Acom Archimedes & BBC. Measures
only 13.5° x 12° x 11°. Also works as quality TV win outznug
BBC Model B computer on a board. A major purchase Telebox. Good used condition. 90 day guarantee. Only..£125
allows us to oﬂmu the PROFESSIONAL version of the BEG KME as above for PC EGA standard....... --£145 (E)
computer at a parts only price. Used as a front end graphics Brand new Centronic 14* monitor for 1BM PC and compatibles
- at a lower than ever pricel Completely CGA equivalenL Hi-res
system on large networked systems the architecture of the BBC y ., i 0.42 dot piich giving 669 x 507 pixels. Big 28 Mhz
board has so many similarities to the regular BBC model B that 5 q.idth. A super monitor In attractive style mouided case.Full
we are sure that with a bit of experimentation and ingenuity many gq day guarantee. Only ........... £128 (E)
useful applications wilt be found for this board!! It is supplied NEC CGA 12" IBM-PC compatible. High .
complete with a connector panel which brings all the I/0 to 'D’ quality ex-equipment fully tested with a 90
and BNC type connectors - all you have to do is provide +5 and day guarantee. In an aftractive two tone
+12 v DC. The APM consists of a single PCB with most major jpheq grey plastic case measuring 15°L x
ic’s socketed. The ic’s are too numerous to list but include a 43+ x 12"H. The front cosmetic bezel has
6502, RAM and an SAAS5050 teletext chio. Three 27128 poon removed for contractual 3
EPROMS contain the custom operating sys..m on which we reacons. Only.......... £69 (€)
have no data, On application of DC power the systeMn boots and 0", 22" and 26" AV SPECIALS
Br'%wde_s ﬁagn:ﬁtdiq Informatior: on me E%%)N%u;pmddOn boavg Superbly mada.la u r;:anuiacn;'re. PIL ;II soli: state Eglour
switches jumpers salect the address and monitors, complete with composite video & sound inputs. Attrac-
enable the four extra EPROM sockets for user software. Appx. tive teak style case. Perfect for Schools,Shops,Disco, Clubs.
dims: main board 13" x 10°. VO board 14° x 3". Supplied tested in EXCELLENT little used condition with full 90 day guarantee.

with circuit diagram, data and competition entry form. 20"....£135 22"....£155 26"....£185 (M

Only £ 9.95 or 2 for £53 ®) CALL FOR PRICING ON NTSC VERSIONS!

Superb Quality 6 foot 40u
SPECIAL INTEREST

Trio 0-18 vdc bench P?AU. 30 amps. New 1 9 " RaCk Cabl,nets |
DEC L8/02 GPU bogrd o P! Massive Reductions
Virtually New, Ultra Smart!

Rhode & Schwarz SBUF TV test transmitter
Less Than Half Price!

mhz. Complete with SBTF2 Modulator
Top quality 19" rack cabinets made in UK

25-1000
ket AN W m L pen e L8
by Optima Enclosures Ltd. Units feature

Thuriby LA 1608‘%gic analyser £ 375
designer, smoked acrylic lockable front

1.5kw 115v 60hz power source € 950
Anton Plliar 400 Hz 3 phase frequency converter 75Kw POA

door, full height lockable hatf louvered back
door and removable side panels. Fully ad-

Newton Derby 400 Hz 70 Kw converter POA
£1850 justable Internal fixing struts, ready

Nikon PL-2 Projection lens meter/scope
Sekonic SD 150H 18 channel Hybrid recorder
HP 7580A A1 8 pen high speed drum plotter »
Kenwood DA-3501 CD tester, laser pickup simulator £ 350 punched for any configuration of equipment moumnm_g plx:’; re%dy
mounted integral 12 way 13 amp socket switched mains distribu-
BRAND NEW PF"NTERS tion strip maekge these raycks some of the most versatile we have
Microline 183. NLQ 17x17 dot matrix. Full width. £139 (D) ever sold. Racks may be stacked side by side and therefore
Hyundal HDP-920. NLQ 24x18 dot matrix full width. £149 (D) require only two side panels or stand singly. Overall dimensions
Qume LetterPro 20 daisy. Qume QS-3 interface. £39.95 (D) are 77-1/2°H x 32-1/2°D x 22°W. Order as:
Centronics 152-2 9 x 7 dot matrix. Full width. £149 (D) Rack 1 Complete with removable side panels....... £275.00 (G)
Centronics 159-4 9 x 7 dot matrix.Senial. 9-1/2" width€ 99 (D) Rack2 Less side panels .......... e £145.00 (G)

- send large SAE - PACKED with bargalnsi
et tomeerie el 181 .,679:4414

081-679-1888 Fax- 081-679-1927

order £10. PO orders from Government,Universities, Schoois & Locat Authorities

MONITORS

14" Forefront Mode! MTS-9600 SVGA
multisync with resolution of 1024 x 768.0.28
pitch. *Text® switch for word processing etc.
Overscan switch included. Ideal for the PC-
386 or PC-288 with SVGA card added. Also
compatibe with BBC, Amiga, Atari (including
the monochrome high resolution mode), Ar-
chimedes etc. In good used condition {possible minor screen
bums). 90 day guarantee. 15° x 14" x 12°. Only............. £159(E)
14" Phllips Model CMB873 VGA multisync
with 640 x 480 resolution. CGA, EGA or
. VGA, digitalanalog, switch selectable.
2 Sound with volume control. There is aiso a
. special “Text" switch for word processing,
spreadsheets and the like. Compatible with

IN €100

.. cAasH!

#IACHOTNT
"y
Il

ELLULLLA
Y, seeseseqrel

verere,

£6500

3
S
$
>

LU

LONDON SHOP
Open Mon-Sat 9-5.30
Thursday till 9.00pm
215 Whitehorse Lane,

South Norwood,

tondon. SE25

17.5% VAT to TOTAL order amount. Minimum

DISTEL ©.The Original ALL ENQUIRIES
Free dial-up database!

Biggin Way, 1000°s of items+info on line

— XE)=£1 4.00 (F)=£18.00 (Q)=Call Seoﬂa;d shurdmpe: cu‘:)
All good d subject to our standard Conditions of Sale and uniess otherwise slated guaranteed for 9 days. Al guarantees on a retum to base basis. Rights reserved
L change ;dsc:';p:esp:ahlmlms without prior notice. Orders subject to stock. Quotations willingly given for higher quantities than those stated. Bulk surplus always wanted for cash.
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F R INSIDE EVERY ISSUE

“EXPERIMENTAL
ELECTRONIC PIPE
DESCALER

Do you suffer from furry pipes? Clogged conduits? Calcified :
Kettles? Quite a few readers do, It seems. The problem, of
course, is due to “hard” waler containing calcium, which
lends lo precipilate onto the surfaces of pipes, kettles, elc,
forming the familiar “scale”, In addition it can cause scum
and lack of lather, resulting in the need for extra detergent
and other problems.

Not so long ago the only cure was a large and expensive
chemical filter, but recently several new claimed solutions
have appeared. Some of these are electronic,
mains-powered “black boxes” supplying a signal to a coil of
wire placed around the incoming waler pipe. We show you ; /
how to build such a unit for under £20. / /

AUDIO AMPLIFIER DESIGN,
ENGINEERING OR ALCHEMY?

Can you trust performance tests?

There are two fundamental, but mutually contradiclory beliefs in the field of audio, and these can be
summarised as:

1. All competently designed audio amplifiers, used within their ratings, will sound the same,
and:

2. All things in an audio system are important - so that even the nature of the wiring which is used to
interconnect the pieces will alter the sound of the system.

In this short series of articles John Linsley Hood investigates the tests and the claims and looks in a
balanced way at how they can be justified, if indeed they can.

BICYCLE ODOMETER

Computerised odometers are available from cycle shops, these give distance, average speed, elapsed

time, maximum speed elc. However many cyclists are only interested in the dlstance of their leisure trip and
this unit is designed for them. There is, of course, the added pleasure of building it on a rainy day when

cycling is not much fun.

AUGUST ISSUE ON SALE FRIDAY, 2nd JULY
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SURVEILLANCE

PROFESSIONAL

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 of 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.

UTX Ultra-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-seliing micro-miniature Room Transmittec
Just 17mm x 17mm Including mic. 3-12V operation. 1000m range.....................

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

V7500 High-power Room Transmitter

Powerful 250mW output providing excellent range and performance. Size 20mm x
40mm. 9-12V operation. 3000m range....... - ...£16.45
VXT Voice Activated Trarsmitter

Triggers only when sounds are detected. Very low standby current. Variable sensitivity
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range...£19.45
HVX400 Mains Powered Room Transmitter

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

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

SCLX Subcarrier Telephone Transmitter

Connects to telephone line anywhere, requires no batteries. Output scrambled so
requires-SCOM connected to receiver. Size 32mm x 37mm. 1000m range

SCOM Subcarrier Decoder 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 Recording Interface

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

£13.45

*kk Specials xx*k

DLTX/DLRX Radic Control Switch

Remote control anything around your home or garden, outside fights, alarms, paging
system etc. System consists of a small VHF transmitter with digital encoder and receiver
unit with decoder and relay output. momentary or altemate, 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 Hi-Fi Micro Broadcaster

Not technically a surveillance 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 boring watfle. Size 27mm x 80mm.
SV operation. 250m range £20.95

£50.95
£19.95
£37.95

DerT. EE

SUMA

UTLX Ultra-miniature Telephone 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-miniature Telephone Transmitter

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

STLX High-performance Telephone Tramsmitter
High performance transmitter with buffered output stage providing excellent stability
and performance. Connects to line (anywhere) and switches on and off with phone use.
Ali 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
signalling or tracking purposes. High power output giving range up to 3000m. Size
25mm x 63mm. 3V operation - £22.95

CD400 Pocket Bug Detector/Locator

LED and piezo bieeper 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 DetectorLocator

Multicolour readout of signal strength with variable rate bleeper and variable senstivity
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to
distinguish between localised bug transmission and normal legitimate signals such as
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation

QTX180 Cry “al Controlled Room Transmitter

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

£15.95

£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 Controlled Phone Transmitter

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

QRX180 Crystal Controiled FM Receiver

For monitoring any of the ‘Q' range transmitters. High sensitivity unit. Al RF section
supplied as a pre-built and aligned module ready to connect on board s¢ no difficulty
setting up. Outpt to headphones. 60mm x 7Smm. 9V operation .£60.95

A build-up service is avallable 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 CONTAINING MANY MORE NEW
SURVEILLANCE KITS NOW AVAILABLE. SEND TWO FIRST
CLASS STAMPS OR OVERSEAS SEND TWO IRCS.

THe WoRrksHOPS, 95 MaIn RoAD,

BAXTERLEY. NEAR ATHERSTONE,

DESIGNS
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WARWICKSHIRE CV9 2LE
VISITORS STRICTLY BY APPOINTMENT ONLY

Tel/Fax:
0827 714476
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Electronic Designs Right First Time?

From Schematic Capture -

—— T

= —

==y 188 o m— Create your schematics quickly and efficiently
rj jlf g on your PC using EASY-PC Professional.
vi W 6181) MATIRINRS -

4 1" Areas of the circuit can be highlighted on
screen and simulated automatically using our
—— PULSAR, ANALYSER Ill and Z-MATCH I
I ! C 5‘} simulation programs.
! &
EASY-PC Professional

through Analogue and Digital Simulation -
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PULSAR ANALYSER Il Z-MATCH Il

If the results of the simulations are not as expected, the configuration and component values of the circuit
can be modified until the required performance is achieved.

to Printed Circuit Board Design!
The design, complete with connectivity, —o
can then be translated into the PCB. doods

The connectivity and design rules can , [ecco000 0000000 4 )
be checked automatically to ensure thac % g
the PCB matches the schematic. ’/°°T?° af coccoooll ~ —o

W—//:g
o — = oo
. . 0 X
Demonstration discs now available. ———\—::
N oo
00000 000000 L
- —o0 0
Affordable Electronics CAD EASY.PC Professional
EASY-PC: Low cost, entry level PCB and
Schematic GAD. i $195.00 | £98.00

EASY-PC Professional: Schematic Capture [
and PCB CAD. Links directly to ANALYSER $375.00 | £195.00

lIland PULSAR { Number One Systems Ltd.

PULSAR: Low cost Digital Circuit Simulator [ .
3806 | im0 Ref: EVD, Harding Way, St. Ives,

_~ 1500 gate capacity

PULSAR Professional: Digital Circuit :
Simulator - 50,000 gate capacily $375.00 | £195.00 Huntingdon, Cambs. PE17 4WR, UK.

ANALYSER llI: Low cbst Linear Analogue
_Circuit Simulator ~ 130 nodes. Lot Loy

For Full Information: Please Write, Phone or F_ax.

ANALYSER ll Professional: Linear $375.00 | £186.00
nalogue Circuit Simulator ~ nodes. : : A
E-MATCH llé’Smitth Chanfprog‘r\ar‘?‘l\t);gFR " | $375.00 I £195.00 TeI- 0480 461 778
_Engineers - direct import from ERIN. | ekl NS
Steriing Fax: 0480 494042
We operate a no penalty upgrade policy. | Urisci g Prices
You can upgrade at any time to the P WSCIEEA B USA tel:011- 44 - 480 461778 fax 011- 44 - 480 494042

5 include |
professional version of a program for the Post and P&P

difference in price. Packing ?/,AdT VISA, MasterCard, AMERICAN EXPRESS
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BARGAINS - Many New Ones This Month

AMSTRAD 3" DISK DRIVE. Standard replacement or why not have an extra one?
£20, Order Ref. 20P28.

P.C. QPERATING SYSTEMS. Fully user documented and including software.
MS-DOS 3.20, £5, Order Ref. 5P207: MS-DOS 3.3, £5, Order Ref. 5P208: MS-DOS
4.01, £10, Order Ref. 10P99.

720k 3% FLOPPY DISKS. Double sided. By top maker (Epson). 4 for £1, Order
Ref. 914.

PUSH BUTTON EDGE SWITCH gold plated contacts, 1A 50V. Top push counts

6%, 12W MAX, 8 OHM, Japanese Made(SANYQ), £1.50, Order Ref. 1.5P11
6%, 8 OHM SPEAKER with builtin tweeter, €1, Order Ref. 897.

AMSTRAD KEYBOARD MODEL KBS. This is a most comprehensive keyboard,
having over 100 keys including, of course full numericai and qwerty. Brand new,
still in maker's packing, £5, Order Rel. 5P202.

F.M. CORDLESS RADIO MIKE hand-held battery-operated model, very good
performer and really professional looking, has usual shaped body and head
and is tuneable to transmit and be picked up on the F.M. band of any radio.

up, bottom push counts down. BCD switching. Switches clip to-
gether. 2 for £1, Order Ref. 915.

DC VOLTAGE REDUCER 12V-6V (@ 500 mA on quite small pcb
with heatsink. £1, Order Ref. 916.

CAR SOCKET PLUG tubular construction to take small pcb etc.
€1, Order Ref. 917.

for operating 6V radio, cassette player, etc. from car lighter
socket. €2, Order Ref. 2P318.

SPECIAL SPRING OFFER
115, aimost the complete range, of the
famous Smart kits at full trade discount.
lllustrated catalogue price €1,
THIS COULD SAVE YOU EXPENSIVE BATTERIES an in-car unit { deductable as soon as you have ordered
kits to the value of £20.

Yours for only £8.50, Order Ref. 8.5P1

MOVEMENT ALARM goes off with slightest touch, ideal to
protect car, cycle, doorway, window, stairway, etc. etc. Com-
plete with Piezo shrieker, ready to use. Only £2 (PP3 battery not
supplied). Order Ref. 2P282.

SOLAR ENERGY EDUCATIONAL KIT an ideal present for elec-
tronics students. Kit-comprises 8 solar cells, one solar motor,
fan blades to fit motor and metal frame to hold it to complete

READY BUILT -5W FM TRANSMITER tested and working. Very compact unit,
with electret microphone, 3V operated, £6, Order Ref. 6P29. Will fit, with bat-
teries, in our project box, Order Ref. 876.

METAL PROJECT CASE nickel plated, size 15% x 5% x 2% " so ideal to take the
Philips laser with its power supply or just a power supply. Has instrument type
mains input plug, output socket and bullt in on/off switch. £7.50, Order Ref.
7.5P9.

SUPER STRIPPER orlginally intended to be a power supply unit, this has many
top class, easily removable, components Including 2 power mosfets, power
rectifiers, 2 HF transformers, a complete mains input fused and filtered, plus
dozens of other top class components. Component value probably over £50,
yours for only £5, Order Ref. 5P212.

WIRE WOUND RESISTORS mainly 5W and 6W. Almost a complete range avail-
able with prices from 20p each for small quantities, to 10p each for 100 of a
value. Just order values required or send for list.

SILENT EFFORTLESS MOVEMENT with our 1amm ballrace complete with
removable spindle. 4 for £1, Order Ref. 912.

45A DOUBLE POLE MAINS SWITCH mounted on a 6 x 3% aluminium plate,
beautifully finished in gold, with pilot light. Top quality, made by MEM, £2, Order
Ref. 2P316.

FULLY ENCLOSED MAINS TRANSFORMER on a 2m 3 core lead terminating with
a 13A plug. Secondary rated at 6V 4A. Brought out on a well

a free-standing electric fan. A really well written instruction
manual makes this a lovely little present. Price £8, Order Ref. 8P12B.

PROJECT BOX a first-class, Japanese two-part moulding size 95mm x 66mm x
23mm. Will hold a PP3 battery and a PCB

and iIs ideal for many projects, nicely finished and very substantial. 2 for £1,
Order Ret. 876.

AM/FM RADIO CHASSIS with separate LCD clock module, complete with
loudspeaker and ready to go, price is £3.50, Order Ref. 3.5P5.

2, 3 AND 4 WAY TERMINAL BLOCKS the usual grub screw types. Parcel contain-
ing a mixture of the 3 types, glving you 100 ways for €1, Order Re!. 875.

2M 3-CORE LEAD terminating with flat pin instrument socket. £1, Order Ref. 879.
Ditto but with piug on the other end so that you could use this to extend an
instrument lead. £1.50, Order Ref. 1.5P10.

ULTRA SONIC TRANSDUCERS 2 metal cased units, one transmits, one
receives. Builtto operate around 40kHz. Price £1.50 the pair, Order Ref. 1.5P/4.
100W MAINS TRANSFORMERS normal primaries 20-0-20 at 2.5A or 30V at 3.5A,
€4, Order Ref. 4P24. 40V at 2.5A, £4, Order Rel. 4P59. 50V at 2A, £4, Order Ref.
4P60

PHILIPS 9’ HIGH RESOLUTION MONITOR black & white in metai frame for easy
mounting, brand new still In maker's packing, offered at less than price of tube
alone, only £15, Order Ref. 15P1

16 CHARACTER 2-LINE DISPLAY screen size 85mm x 36mm. Alpha-numeric
LCD dot matrix module with integral micro processor made by

insulated 2 core lead terminating with insulated push on tags.
€3, Order Ret. 3P152. Ditto but 8A. Order Ref. 4P69.

100W AMPLIFIER KIT uses Darlington power transistors. Sound
quality Is really good. Frequency response of 10Hz to 45kHz.
€18, Order Ref. 18P6.

SWITCHED BC CORD GRIP LAMPHOLDERS. Always useful. A
good make, 3 for £1, Order Ref. 913.

SCREWDRIVERS - pocket sized. Will save you having to worry
where you left the last onel 10 for £1, Order Ref. 908.

STEPPER MOTOR BARGAIN. This is just a mini motor, 12V
operated and 7.5° step angle. Offered at the very low price of
only £1, Order Ref. 910.

THIS MONTH’S SUPER
BARGAIN
12V axial fan for only £1. Ideal for
equipment cooling, brand new, made
by West German company. Brushless
80 virtually everlasting. Supplied
complete with simple 12V transistor
circuit. Only €1, Order Ref. 919. When
we supply this we will include a list of
approximately 800 of our other
£1 bargains.

Epson, their Ref. 16027AR, £8, Order Ref. 8P48.

INSULATION TESTER WITH MULTIMETER internally generates
voltages which enables you to read insulation directly in
megohms. The multimeter has four ranges. AC/DC volts, 3
ranges DC milliamps, 3 ranges reslstance and 5 amp range.
These instruments are ex British Telecom but in very good
condition, tested and guaranteed OK, probably cost at least £50
each, yours for only £7.50, with leads, carrylng case £2 extra,
Order Ref. 7.5P/4.

MAINS 230V FAN best make “PAPST" 4'%" square, metal
blades, £8, Order Ref. BP8.

2MW LASER Helium neon by Philips, full spec. £30, Order Ref.

STANDARD CASSETTE MOTOR for 9V recorder players. This is
brushless and has internal electronics to facilitate speed change and reverse.
€1.50 each, Order Ref. 1.5P14.

STOP THOSE PEAKS as they come through the mains, they can damage your
equipment. 2A unit Is a combination of cores and caps gives complete protec-
tion. £2, Order Ref. 2P315.

INSULATION TAPE 5 rolls of assorted colours, only £1, Order Ref. 911.

GENERAL PURPOSE FAN KIT comprises beautifully made ""‘Boxer' fan, trans-
former and switch Yo give dual speed and off from the mains. Complete kit €6,
Order Ref. 6P28.

DOUBLE HEADPHONE OUTLET. A standard type stereo plug with 2 leads com-
ing out. each terminating with a standard size stereo socket thus enabling 2
people to listen from the one outlet. Very well made. Price £2, Order Ref. 2P312.
12v POWER SUPPLY. Plugs into 13A socket and gives 200mA d.c. out. Price £2,
Order Ref. 2P313

ASTEC 135W PSU. Mains Input, 3 outputs;- +12V at 4A, +5V at 16A, and — 12V
at “4A. In plated steel case, brand new, £9.50, Order Ref. 8.5P4,

{NFRA RED RECEIVER CONTROLLER made by Thorn to channel switch thelr
T.V. recelvers. Mounted on panel with luminous channel indicator, mains on/oft
switch, leads and plugs all yours tor £2, Order Ref. 2P304.

HIGH QUALITY KEY SWITCH single pole on/off or changeover through panel
mounted by hexagonal nut. Complete with 2 keys. Regular price £3, our price
£1.50, Order Ref. 1.5P12 :

DIGITAL MULTI TESTER M3800 single switching covers 30 ranges including 20A
a.c. and d.c. 10 meg input impedence, 3% LCD display. Com-

30P1. Power supply for this in kit form with case is £15, Order
Ref. 15P16, or in targer case to house tube as well £18, Order Ref. 18P2. The
larger unit, made up, tested and ready to use, complete with laser tube £69,
Order Ref. 69P1.

1/3 HP 12V MOTOR — THE FAMOUS SINCLAIR C5 brand new, £15, Order Ref.
15P8.

SOLAR CHARGER holds 4 AA nicads and recharges these in 8 hours, in very
neat plastic case, £6, Order Ref. 6P3.

AIR SPACED TRIMMER CAPS 2-20 pf Ideal for precislon tuning UHF circuits, 4
for £1, Order Ref. 818B.

MAINS ISOLATION TRANSFORMER stops you getting 'to earth"’ shocks. 230V
in and 25V out. 150watt upright mounting, £7.50, Order Ref. 7.5P/5 and a 250W
version /210, Order Ref. 10P79

MINI MONO AMP on PCB. Size 4" x 2" with front panel holding volume control
and with spare hole for switch or tonk control. Output is 4 watt into 4 ohm
speaker using 12V or 1 watt into 8 ohm using 9V. Brand new and perfect, only £1
each, Order Ref. 495.

80W MAINS TRANSFORMERS two available, good quality, both with normal
primarles 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 Ret. 3P74

EXPERIMENTING WITH VALVES don't spend a fortune on a mains trans-

former, we can supply one with standard mains input and

plete with lead. Currently advertised by many dealers at nearly MULTI RANGE LCD METER \ secs. of 250-0-250V at 75mA and 6.3V at 3A. £5, Order Ref.

£40, our price only £25, Order Ref. 25P14,

5P167

ANALOGUE TESTER. Input impedence 2K ohms per volt. It has | TOP Quality 3% digit LCD panel meter § Jcu"s'olm 8 SPEAKER & 3" TWEETER made for a discon-

14 ranges, a.c. volts 0-500, d.c. volts 0-500, d.c. current
500 micro amps at 250 milliamp, resistance 0-1 meg-ohm,
declbels 20 — +56dB. Fitted diode protection, overall size
90 x 60 x 30mm. Complete with test prods, price £7.50, Order
Ref. 7.5P8.

2" 50 OHM LOUDSPEAKER replacement for pocket radlo, baby

using 7106 chip to provide 5 voitage
ranges and 5 current ranges
Selected by connectors and
expandable by resistors. Full data
sheet supplied
Price £12, Order Ref. 12P19.

tinued high quality music centre, gives real hi-fi, and only £4
per pair, Order ref. 4P57.

WATER PUMP very poweriul, mains operated, £10, Order Ref.
10P74.

0-1MA FULL VISION PANEL METER 2%'' square, scaled
0-100 but scale easlly removed for re-writing, £1 each,

alarm, etc. Also makes good plllow ‘phone. 2 for £1, Order Ref. 905.
LCD CLOCK MODULE 1-5V battery-operated, fits nicely into our 50p project box,
Order Ref, 876. Only £2, Order Ref. 2P307.

SENTINEL COMPONENT BOARD amongst hundreds of other parts, this has 15
ICs all plug in so don't need de-soldering. Cost well over £100, yours for £4.
Order Ref. 4P67.

9V 2-1A POWER SUPPLY made for Sinclair to operate their 128K Spectrum Plys
2. £3, Order Ref. 3P151.

12V 250 MILLIAMP SOLAR POWER. Could keep that 12V battery charged where
there is no access to the mains. £15, Order Ref. 15P47.

EXTRA LIGHTWEIGHT STEREO HEADPHONES. Adjustable headband. Sultable for
use with all types of cassette players and radlos, only £1 per pair, Order Ref. 898.
ELECTRONIC BUMP & GO SPACESHIP sound and impact controlied responds
to claps and shouts and reverses or diverts should It hit anything! Kit with really
detalled instructions, will make ideal present for budding young electrician.
Should be able to assemble but you may have to help with the soldering of the
components on the PCB. Complete kit, £8.95, Order Ref. 9P9.

20W 4 OHM SPEAKER made by Goodmans for Ford, this is mounted on a panel
and has an anodized cone protector cover but can be easily removed from this.
It's a beautiful reproducer and the repilacement price is nearly £20. Yours for
only £3, Order Ref. 3P145.

20W 4 OHM TWEETER also made by Goodmans for Ford, mounted on a baffle
but easily unscrewed from this. Yours for £1.50, Order Ref. 1.5P9.

Order Ref. 756.
PCB DRILLS 12 assorted sizes between .75 and 1.5mm, €1 the lot, Order
Ref. 128.

Prices include V.A.T. Send cheque/postal order or ring
and quote credit card number. Add £3 post and packing.

Orders over £50 post free.
If intending to call please phone first.

M & B ELECTRICAL SUPPLIESLTD
Pilgrim Works (Dept. E.E.)
Stairbridge Lane

Bolney, Sussex RH17 5PA
Telephone or Fax: 0444 881965
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RORSATEST EQUIPMENT
MAINTENANCE

Did you know that we provide repair
and calibration services, supply technical
manuals, and spare parts for test equipment-
manufactured by over 100 different
companies?

POWER SUPPLIES, SIGNAL GENERATORS,
SPECTRUM ANALYSERS, AMPLIFIERS,
FREQUENCY COUNTERS, MULTIMETERS
(ANALOGUE & DIGITAL), OSCILLOSCOPES,
POWER METERS ETC. ETC.

FULL TECHNICAL SUPPORT INCLUDING
PROFESSIONAL DESIGN,
DEVELOPMENT, COMMISSIONING,
CONTRACT MAINTENANCE AND
SYSTEM INTEGRATION.

Hesing Technology@

Cromwell Chambers,
8 St. Johns Street,
Huntingdon,
Cambs. PE18 6DD
Tel: (0480} 433156
Fax: (0480) 413357

OMNI ELECTRONICS

174 Dalkeith Road, Edinburgh EH16 5DX % 031 667 2611

The supplier to use if you're Iook‘ipg‘

or— ]
. ol ¥=pfo
g A WIDE RANGE OF 34
* COMPONENTS AIMED AT THE %
% G HOBBYIST ) ‘

N
* COMPETITIVE VAT INCLUSIVE »
bbb, PRICES A
SR =
* MAILORDER -generally by »

RETURN OF POST e

N
* FRIENDLY SERVICE % #%é

OPEN:
Monday-Thursday 9.15 - 6.00

- Friday 9.15-5.00 W
Saturday 9.30-5.00 [ ]

SECURITY EQUIPMENT
%_ECT FROM THE MANUFACTURER

2000 SERIES
MICROPROCESSOR CONTROL UNITS
* EASY TO INSTALL * SIMPLE TO USE

e Auto alarm reset -
and reduction | {m b
e Alarm sounded memory

e Intelligent exit delay l
@ Builtin loop checks

o These brand new control panels use state 2
2290 o of the art electronics to provide highly Key 0, 2150

- 020°% effective protection of the home, office or factory " 0berareq
when used, with all sizes of security systems.
Aftractively styled in a steel case ard supplied
with full instructions
Detailed colour brochure available.

MINIATURE PASSIVE INFRA-RED SENSOR-RP33
Switchable Dual range, detects Intruders up 10 6 or 12 metres
Quantity  This advanced sensor operates by detecting the body
discounts heat of an intruder moving within the detection fieid
startat 3 Slow ambient changes such as radiatqrs, etc. are
units. ignored. Easily installed in a room or hallway. Providing
reliable operation from a 12V supply, it is ideal for use
£1 695 with the CA 1382 or equivalent high quality control unit
= Vi

Size 80x60x40mm Supplied with full instructions.

50FT INFRA-RED ITAL ULTRASONIC
BEAM-IR 1470 ETECTOR-US 5063

12V system for 4 Variable sensitivity,

& internal and external 1Akl adjustable noise
application. =" threshold, with built in

h timers, ideal
£25 61 g for vehicie
- VAT alarms!

FULL RANGE OF CONTACTS, CABLE, SIRENS ETC..-
FOR COMPLETE SECURITY INSTALLATIONS

* AUDIO MODULES

A rugged high powered module that Is ideal for
use in discos & P.A. Systems where powers of up
to 125W, 4 ohms are required. The heavy duty
output transistors ensure stable and reliable
performance. it Is currently supplied to a large .". 1
number of equipment manufacturers where . }.&
reliability and performance are the main % 4 5
considerations, whilst for others its low price is 4
the major factor. Operating from a supply

voltage of 40-80V into loads from 4-16 ohms,

A popular module with tens of thousands

installed. Ideal tor domestic applications.

Supply rall 20-50V with loads of 8-16 ohms. 2655
VAT

M 100-BUDGET 3-INPUT MIXER

With a host of features including 3 individual level controls, a master volume
and separate bass and treble control, it provides for inputs for microphone,
magnetic pick-up and tape, or second pick-up (selectable), and yet costs

considerably less than competitive units
This module is ideal for discos and public S I Ls]
/AT »

address units and operates from 45V-70V.

MM 100G GUITAR MIXER

As MM100 with two guitar + 1 microphone
input intended tor guitar amplifier applications.

COMPLETE AUDIO RANGE FROM 10-125W.
SEND FOR DETAILS TODAY

'DEPT EE7

51 POPPY ROAD
PRINCES RISBOROUGH -
BUCKS HP27 9DB

Order by Credit Card for
immediate dispatch.
Add V.AT.
Carriage only £2.00

mwmms  Export carriage 10%

Everyday with Practical Electronics, July 1993
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HART AUDIO KITS - YOUR VALUE FOR
MONEY ROUTE TO ULTIMATE HI-FI

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-
quisftion but a valuable investment in knowledge,
giving you guided hands-on experlence of modern
electronic techniques.

In short HART is your 'frlend 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 manuatl
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.
Our 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 tlagship 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 costl. Featured on the front cover of
'Electronics Today International’ this complete
stereo power ampiifier otfers 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 redolent of quality,
both in components and in layout." Options
include a stereo LED power meter and a versatile
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 also available. Al
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 ampliflers
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 articies.

.....£1.80
K1100CM HART Construction Manual...........

.£5.50

LINSLEY HOOD 1400 SERIES

ULTRA HIGH-QUALITY PREAMP
Joining our magnificent 80 Watt power ampiifier
now is the most advanced preamplifier ever of-
fered on the kit, or indeed made-up marketpiace.
Facitities include separate tape signal selection
to enable you to listen to one programme while
recording another, up to 7 inputs, cross record-
ing facliities, class A headphone amplifier, can-
cellable 3-level tone controls and many other use-
ful tunctions, all selected by high quality relays.
For full details see our list.

LINSLEY HOOD "SHUNT FEEDBACK' R.1.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 muslcal
sound, and both having the ability to use both
moving magnet and moving coil cartridges.

Kit K1500 uses modern integrated circuits to
achleve 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 it ideal 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 tully 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 vinyl 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

Factory Assembled and Tested ....£150.58'
K1565 Matching Audio Grade Power Supply with
potted toroidai transformer and limited shift
earthing system... .£79.42
Factory Assembled and Tested ...£118.42
U1115 Power interconnect Cable.. £7.29

ALPS PRECISION LOW-NOISE STEREO POTS

Super Savings with our '3 for the price ot 2" Ofter.
Now back in stock our range of the fabulous ALPS
range of High Grade Audio Pots fulfill the need for
no compromise quality controls as used in HART
Kits and other World Class Amplifiers. This excit-
ing range covers the values needed for most quality
amplifier applications
Now you can throw out those noisy ill-matched
carbon pots and replace with the real hi-fi com-
ponents. The improvement in track accuracy and
matching really is incredible giving better tonai
balance between channels and rock solid image
stability.

All pots are 2-gang stereo format, with 20mm long
6mm diam. steel shafts. Overail size of the manual
pot is 27mm wide x 24mm high x 27mm deep,
motorised versions are 72.4mm deep from the
mounting face. Mounting bush for both types is 8mm
diameter. Motorized versions have 5V d.c. drive
motor.

MANUAL POTENTIOMETERS
2-Gang 100K Lin.
2-Gang 10K, 50K or 100K Log.
2-Gang 10K Special Balance, zero crosstatk and
zero centre loss . ..£17.48
MOTORISED POTENTIOMETERS
2-Gang 20K Log Voiume Control

..£15.67

.£26.20

Send or 'phone for your copy of our List (50p) of these and many other Kits & Components. Enqulries from Overseas
customers are equally welcome, but PLEASE send 2 IRCs if you want a list sent surface post, or 5 for Alrmail.
Ordering is easy. Just write or telephone your requirements to sampie the friendly and efficient HART
service. Peyment 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 Courler, next working day £10.
OVERSEAS - Please see the ordering information with our iists.

2-Gang 10K RD Special Balance, zero crosstalk and
less than 10% loss in centre position............... £26.98
OUR SPECIAL OFFER ON ALPS POTS. Buy any two
and get the third FREE. {The third must be the same
or a cheaper type).
STUART REEL-TO-REEL TAPE RECORDER
CIRCUITS

Complete stereo record, replay and bias circuit
system for reel-to-reel recorders. These circuits will
give studlo quality with a good tape deck. Separate
sections for record and replay give optimum perfor-
mance and allows a third head monitoring system
to be used where the deck has this fitted. Standard
250mV input and output levels. Ideal for bring-
ing that old valve tape recorder back to life.
Suitable stereo heads are in our head list. This
basic kit is suitable for advanced constructors
only.K900W Stereo Kit with Wound Coils and Twin
Meter Drive........... eeen..£123.93
RJS1 Reprints of Ongmal Descrlptlve Articles..£3.60

LINSLEY-HOOD CASSETTE RECORDER
CIRCUITS

Complete record and reptay circuits for very high
quality low noise stereo cassette recorder. Circuits
are suitable for use with any high quality cas-
sette deck. Switched bias and equalisatlon to cater
for chrome and ferric tapes. Very versatile, with
separate record and play circuits and easy to as-
sembie on plug-in PCBs. Complete with full instruc-
tions. Complete Stereo Record/Play Kit
VU Meters to suit......

RLH1 & 2 Reprints of original Articles.

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

{Each) £3.99
£2.

Do your tapes lack treble? A worn head could be the
problem. For top performance cassette recorder
heads should be replaced every 1,500 hours. Fitting
one of our high quality replacement heads could
restore performance to better than new!. Standard
inductances and mountings make fitting easy on
nearly all machines (Sony are special dimensions,
we do not stock) and our TC1 Test Cassette helps
you set the azimuth spot on. As we are the actual
importers you get prime parts at lower prices, com-
pare our prices with other suppliers and see! All our
heads are suitable for use with any Dolby system
and are normally available ex stock. We also stock a
wide range of special heads for home construction
and industrial users.

HC80 NEW RANGE High Beta Permalloy Stereo
head. Modern space saver design for easy fitting
and lower cost. Sultable for chrome metal and ferric
tapes, truly a universal replacement head for every-
thing from hi-fi decks to car players and at an
incredible price tool...... ..£8.30
HRP373 Downstream Monitor

Stereo Combination Head.........

HQ5518 4-Track Record/Play Head

Sony Mtg.

HM120 Standard Mono R/P Head

H524 Standard Erase Head... .....

H561 Hi Field Erase Head for METAL Tapes.
SM150 2/2 (Double Mono) DC Erase Head
HQ751E 4/4 True 4-Track Erase Head...

REEL TO REEL HEADS
999R 2/4 Record/Play 110mH. Suits Stuart
Tape Circuits.....
998E 2/4 Erase Head 1mH ‘Universai
Mount. Suits Stuart.......

HART TC1D Triple Purpose TEST CASSETTE
Now available again and even better than before!
Our famous triple purpose test cassette wiil help
you set up your recorder for peak performance
after fitting a new record/play head. This quality
precision Test Cassette is digitally mastered in
real time to glive you an accurate standard to set
the head azimuth, Dolby/VU level and tape speed,
alf easily done without test equipment.

TC1D Triple Purpose Test Cassette .£14.99

TAPE RECORDER CARE PRODUCTS
DEM1 Mains Powered Tape Head
Demagnetizer, prevents noise on playback
due to residuai head magnetisation
DEM115 Electronic, Cassette Type
demagnetizer.

...£53.90

.£4.08

QUALITY
AUDIO KITS
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ELECTRONIC, HOBBY AND COMPUTER BOOKS

Just a few of the more popular titles from our enormous range

- full details in cat.

Build Your Own IBM Compatible and
Save a Bundle 2nd Edition
190 x 240mm, 240 pages.
publication date 1991

Aubrey Pilgrim

£15.95 Order Code: MH117

Ever looked through a computer magazine
and found that you can buy boards and parts
to buiki a PC?  This book explains all thal you
will need to know about buying boards, what
you need for your applications, how to put a
PC together, precautions, etc. Now anyone
can build a custom designed PC for much less
than a professionally built systern would cost,
and the only tools you'll need is a set of screw
drivers and a pair of pliers.

soft  cover,

Upgrade Your IBM Compatible and Save
a Bundie 2nd Edition

190 x 240. 240 pages, hard cover, publication
date 1991

Aubrey Pilgrim

£22.95 Order Code: MH116

Stuck with 8088786 based XT? Can't run new
protected mode applications? DOSS, DRDOS,
Windows 3.0 and 3.) memory shortages?
Display card no match to new graphic? No
Coproceesor? Don't panict There is no need to
throw your Computer away, of Visit expensive
service centres. This s a complete guide on
how to upgrade your computer at home,
from changing the mother board to adding a
coproceesor or more memory. Helpful tips on
what you really need for the applications you
intend to run, plus much more.

Troubleshooting and Repairing Personal
Computers 2nd Edition

190 x 240, 675 pages. soft cover, pubtication
date 1991

At Margoils.

£18.95 Order Code: MH119

A technlcal guide to componemt level fault
finding in PCs and other home computers
More advanced than the “Save a Bundie®
books, this text deals with the nuts and boits of
the electronics on computer boards, voltage
levels, memory addrcssmg, processor modes,
diagnostic software, SMT repair techniques, K
pinouts, symptoms gallery, etc. A must for the
more technically able, repar technicians, and
anyone who needs to know in more detail
how computers work,

Computer Technician's Handbook

At Marglis

234x182mm, 571 pages. soft cover

Price: £24.95. Order Code: MH158

A fully up to date reference book for those
involved in computer repair and those wishing
to learn more about the subject. Hands on
nstruction to mend all the Jatest home or
personal computers from descrptions  of
common 32 bit processors, large dynamic
RAMs, to tps on surface mount chip
replacement and soldering techniques, this
book has it all

Troubleshooting and Repairing Audio &
Video Cassette Players & Recorders
Homer L Davidson.

190x240mm, 414 pages, soft cover

Price: £15.95. Order Code: MH161

A guide to repairing domestic electronic
equipment at afl levels from cleaning to
component level fault finding. Items covered
include personal stereos, ghetto blasters,
portable cassette recorders, car and home CD
players, VCR's and camcorders. Hint and tips
are available for all makes of equipment plus
compiete schematics for selected items and
manufactures.  This coupled with a clear text
and diagrams make this book a must for any
fepair technician, or anyone else who has lost
hope of having domestic equipment repaired

Latest Intelligence

190 x 240mm, 300 pages, soft cover
publication date 1990

James Tunnell and Helen Sanders

£15.95 Order Code: MH129

A dictionary of military, aerospace, and police
vernacular and terminology.  Ever wonder
what ali 10 codes used by police and others
mean? Speculated about what frequencies
ae used for miitary and government
communications? Well it's all in this book. A
godsend for radio listeners and operalors,
Journalists and anyone who wants to delve
into  the grey world of secret{ive)
communications. Buy it before they ban it.

Pirate Radio Stations -
Underground Broadcasts
190 x 240mm, 180 pages,
publication date 1990

Andrew Yoder

£13.95 Order Code: MH130

AN entertaining book about the activities of
pirate radio station operators, guaranieed lo
make any straight laced radio regulalory
official have an attack of apoplexy.  Anyone
with even slightly anarchist tendancies will
thoroughly enjoy this book, and will probabty
encouraged to have a go at their own radio
station. [Please note this is just an advert for a
book we are not trying to subvert UK radio
regulations-eallyl)

Tuning into

soft cowver,

Troubleshooting and Repainng

Troubleshooting
Machines
Gordon McCombs.
232x185mm, 188pages, soft cover

Price £13.95. Order Code: MH162

Fax machines appear to be complex pieces of
electronic  equipment that only  skilled
engineers can repar.  This & not necessarity
50, servicing and some’ repairs can be carried
out by most users providing certain guide fines
are followed. This book guides you through
maintenance and repalr of all types of fax
machines with a few tools, step by step and
can save you a small fortune on reparr bills
since most office equipment repair centres can
hardly be said to be cheap.

and  Repairing Fax

Troubleshooting and Repairing VCR's
2nd Edition

190 x 240mm, 400 pages,
publication date 1991

Gorgon McComb

£23.95 Order Code: MH102

A guide to fault finding. maintenance and
repair of video recorders, for non-experts. This
book takes you through all the basic cleaning
and repair technigues, that do not appear in
the user manuals. Sections on what lo tweak
and what not, when to consult a professional,
what do when coffee & spilt inside a VCR, etc
Save a fortune on unecessary repar shop
wistts,

hard cover,

Sound Synthesis

130 x 210, 160 pages. soft cover, publication
date 1990

Terence Thornas

£13.95 Order code: MH104

A guide to analogue and digital sound
synthesis circuit techniques.  Ever thought of
building a synthesiser or modifying one you
own already? Then this book has all you need
o know-over a hundred circults complete
with PCB layouts, anything from wvoltage
controlied fitters to MIDI to ports

Bulld Your Owm Test Equipment.

190 x 240mm, 280 pages, soft cover,
publication date 1991

Homer L. Dawidson.

£13.95 Order Code: MH106

The title says it all, this book carries designs for
all types of test equipment. If you are involved
in audio, rf, computers. or househoid
equipment repairs. and working to budget this
book will have something for you, It also
coritains information on the tools required,
how to sokder, how to make strip board
clrcuits and PCB's.

PUZZLES
FARAD(I\'[SI
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Optical thusions

Stan Gibilisco

234x185mm, | 18pages, soft cover

Price: £7.95. Order Code: MH167

A collection of over one hundred intriguing
mind begging illustrations that delves into
scientific enigma via an entertaining ook at
visual lllusion. Pictures that will have you see
shapes, colours, motions, and patterns that in
reality aren't there

Model Railroad Scenery and Detailing
Abert A Sorensen

233x186mm, 353 pages, soft cover

Price £15.95. Order Code: MH172

A book that no model raitway enthustast can
afford to be without, Model Railroad Scenery
and Detalling is full of hints and tips for
construction of authentic looking scenery,
foling stock, and layouts. Topics covered
Include. scenery design, special effects,
lighting, safety, soldering airbrushing, track
laying and ballasting, plus much more.

The Laser Cookbook

190 x 235mm, 404 pages,
publication date 1988

Gordon McComb.

£18.95 Order Code: MH133

A hands-on introduction to laser theory and
opevation, with over B0 practical and easy-to-
follow projects. These projects range from
simple acoustic modulation of laser beam to
super-accurate interferometers that precisety
measure the speed of light, light wave-
lengths, and fight frequencies. Readers
wanting to increase ther knowledge of this
subject should look no further than “The Laser
Cookbook”,

. provides a fasinating lour through the
world of lasers It is well written,amply
ilustrated, and lots of fun,”

{Modern Electronics)

soft cover,

With our 164
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J
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The Robot Builders Bonanza
190 x 235mm, 326 pages.
publication date 1987

Gordon McComb

£11.95 Order Code: MH136

A collection of almost 100 tried and tested
project modules that can be mixed and
matched to creale a range of intelligent and
workabie robot creatures. Clearly illustrated
and fun to use, this is a must for enthusiasts
interested in the area of robots. The 99
different robot components described in this
ingenious guide can be combined in an
almost endless varlety of intelligent and
workable robots of all shapes, sizes, and
abilities

soft cowver,

Compact Disc Player Maintenance and
Repair Manuat

190 x 235mm, 244 pages,
publication date 1987

Gordon McCombs.

£11.95 Order Code: MH137

Specific guidelines for maintaining and
reparing more than a 100 brands of CD
players.  Packed wath quick and reliable
answers to the problems of maintaining and
reparing CD players, this fllustrated do-it-
yourself guide takes the apprehension out of
firsttime repairs. “A valuable accompaniment
to a CD purchase. should be in the reference
library of anyone who owns or Is plannins to
own a CD player.”

{Midwest Book Review)

soft  cover,

Homemade Holograms:
Guide to Inexpenive,
Holography

190 x 235mm, 235 pages,
publication date 1990

John tovine

£11.95 Order Code: MH144

This is an ideal first-step” into the fascinating
world of holograms.  The author describes
new procedures - using equipment readers
can make themselves - that take the
complexity out of producing simple white light
reflection and transmission holograms  of
people, as well as computer graphks, and
solid objects.

The Complete
Do-it-Yourself

soft cover,

Homemade Lightning: Classicat
Experiments in Electrostatics
190 x 235mm, 194 pages,
pubiiration date 1990

RAFord.

£11.95 Order Code: MH149

This  electronics  enthuslast's  guide  to
designing, building, and using classic high-
voltage generators and associated equipment,
There s a fascinating collection  of
experiments that reveal the widesanging
mpact of electrostatics on such topics as motor
design, aerodynamics, gravity, photography,
and meteorology.

soft cover,

Fantastic Electronics
John Lovine
190x240mm, 220
publication date 1993
Price: £14.95. Order Code: MH165

An ecletic blend of twenty three science and
electronics projects for anyone who has an
interest in the world around them. Topics
covered range from geneticsfecombinant
DNA and genetk engineering in the home
laboratory- to Kirlian photography fauras and
other such peculartties), taking in along the
way negative ions, biofecdback ELF, Geiger
Counters, magneto hydrodynamics, plasmas,
air pollution, holography, and much more
Not to be missed off any book list.

pages, soft cover,
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GE

ELECTRONICS § LTD

135 Hunter Street

Burton - on - Trent s

. Staffs. DE14 2ST

Tel 0283 65435 Fax 46932

All Prices
include V.A.T.
Add £2.00 per
order p &p

EE133

_SHOP OPEN 9-5 MON-FRI.CLOSED SA

E.E. TREASURE HUNTER
P.l. METAL DETECTOR
Magenta’s highly
developed &
acclaimed design.
Quarntz crystal
controlled circuit
MOSFET coil drive.
D.C. coupled
amplification. Detects
10p coin at 20 cm.
Full kit includes

PCB, handle ® KITINC.

caseg« . HEADPHONES

seareh eo ® EFFICIENT
CMOS DESIGN

® POWERFUL COIL

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

@ 190mm SEARCH COIL
® NO ‘GROUND EFFECT

DIGITAL LCD THERMOSTAT

A versatile thermostat using a thermistor probe and

to 110 degrees ceisius, or can be set to read In

KIT HIGHLIGHT

DIGITAL CAPACITANCE
METER KIT 493

This has been one of Megenta’s best ever
kits. It provides clear readings of
capacitance values from a few pF up to
thousands of uF. It is ideal for beginners
as there is no confusion over the placing of
the decimal point, and it allows obscurely
marked components to be identified quickly and
easily. Quartz controlled accuracy of 1%. large
clear 5 diglt display and high speed operation
make it a very useful Instrument for production
and testing departments. The kit is now supplied
with a punched and printed front panel as well as
the case, all components and top quallty printed
circuit board. When assembled it looks a really
professional job. For a limited time this kit Is of-
DRIVE fered at a new low price.

7 -

PRICE
£39.95

--- OFFICIAL ORDERS WELCOME

12V EPROM ERASER

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

KO e 0 £28.51
EE TREASURE HUNTER

QOur own widely acclaimed design. This sensitive
Puise induction metal detector picks up coins and
vings etc up to 20cm deep. Negligible ‘ground ef-
fect ' means that the detector can even be used with
the head immersed in sea water. Easy 10 use, cir-
cuit requires only a minimum of senlng up as &
Quartz crystal provides all of the critlcai iming. Xit
includes search-head, handle, case. PCB and all
components.

KT 815 45 iyt i bie £45.95
INSULATION TESTER

M OS FET i/AR 'AB LE B EN CH POWE R A reliable and neat electronic tester which checks
SUPPLY 25V 2.56A

Our own high performance design. Variable output
Voltage from O to 25V and Current limit from 0 to 2. 5A.
Capable of powering almost anything. Two panel
meters Indicate Voltage and Current. Fully protected

against short-circuits. The variable Current limit con-
KIT 81 DL e ang e (e £4595 trol makes this supply ideal for constant current
charging of NICAD cells and batteries. A Power
MOSFET handles the output for exceptional rugged-
ness and reliability. Uses a toroidal mains transtormer.

having an l.c.d. display. MIN/MAX memories. -10 K|T 769

Insulation resistance of wiring and appliances etc.,
at 500 Volts. The unit is battery powered, simple
and safe to operate. Leakage resistance of up to
100 Megohms can be read easily. A very popular
college project.

KIT444.........c.ooen... £22.37
3 BAND SHORT WAVE RADIO

Covers 1.6 to 30MHz in three bands using modern
miniature plug-in coils. Audio output is via a bullt-
in loudspeaker. Advanced stable design gives ex-
cellent stability, sensitivity and selectivity. Simple
to build battery powered circuit. Receives a vast

Fahrenheit. Individually settable upper and lower
switching temperatures allow close control, or alter-
natively allow a wide ‘dead band’ to be set which
can result in substantial energy savings when used
with domestic hot water systems. ideal for green-

put. Punched and printed case.

KIT841. .. £29.95
4 CHANNEL LIGHT CHASER

A 1000W per channel chaser with Zero Volt Switch-

Built-In mic. and sophisticated ‘Beat Seeker’ clrcuit

chase steps to music. or auto when silent. Variable ® KITINCLUDES ALL
COMPONENTS, PCB & CASE

® EFFICIENT 100V
TRANSDUCER OUTPUT

® LOW CURRENT DRAIN

speed and mic. sensltivity control, ).e.d. mimic on
front panel. Switchable for 3 or 4 channels. P552
output socket. Suifs Rope Lights, Pin Spots, Disco,
and Display lighting.

KIT 833.......
SUPERHET LW MW RADIO

At last an easy to build SUPERHET AM radio KIT Ref 81 2

kit. Covers Long and Medium waves. Bulit in

loudspeaker with 1 Watt output. Excellent sen- MAINS ADAPTOR

Keep pets/pests
house ventilation or heating control, aquaria, home from newly sown areas,
brewing, etc. Malns powered, 10A SPCO relay out- fruit, vegetable and flower
beds, children’s play areas,
patios etc. This project
produces intense pulses of
ultrasound which deter

ing, Hard Drive, and full inductive load capability. visiting animals.

away

® COMPLETELY
INAUDIBLETO
HUMANS

@ UPTO 4 METRES

number of stations at ali times of the day.

KIT718 . £30.30
DIGITAL COMBINATION LOCK

Digital lock with 12 key keypad. Entering a four
digit code operates a 250V 16A relay. A special
anti-tamper circuit permits the relay board to be
mounted remotely. |deal car immobiliser, operates
from 12V. Drilled case, brushed aluminium keypad.

KIT840......ccoiiieen £19.86

PORTABLE ULTRASONIC
PEsT SCARER

A powerful 23kHz ultrasound generator in 8 com-
pact hand-held case. MOSFET output drives a spe-
cial sealed transducer with intense pulses via a spe-
ciai tuned transformer. Sweeping frequency output
is designed to give maximum output without any
special setting up.

KIT 842:-.... coumoss. i 750 £22.56

RANGE 4181 LIGHT RIDER DISCO LIGHTS
................................................. ] St el Haht Hhivey e LS 0E A
........................................................... £2.50 right and back continuously. Variable speed con-

sitivity and selectivity provided by ic IF fil-

ter. Simple alignment and tuning without special |ON|SER

equipment. Supplied with pre-drilled transparent

front panel and dial, for Interesting see-through A highly efficient mains powered Negative lon Generator that clears the air by KIT 560
neutralising excess positive ions. Many claimed health benefits due 1o the ioniser

removing dust and pollen from the air and clearing smoke particles. Costs virtually

nothing to run and is completely safe in operation. Uses five point emitters.

KIT 707....... NG5 . . e i e BB e et £17.75

appearance.

KIT 836, mibisz .. ... rodiis £17.16
ACOUSTIC PROBE

trol. Up to 500 watts per channel. Housed in a
plastic box for complete safety. Built on a single
printed clrcuit board.

LIGHT RIDER
9-12V CHASER LIGHTS

A very popular project which picks up vibrations by

means of a contact probe and passes them on to a BAT D ETECTO R

pair of headphones or an amplifier. Sounds from  An excellent circuit which reduces ultrasound frequencies between 20 and 100 kHz
engines, watches, and speech travelling through 1o the normal {human) audible range. Operating rather like a radio receiver the circuit
walls can be amplified and heard clearly. Useful ailows the listner to tune-in to the ultrasonic lvequencnes of interest. Llslsmng to Bats
for mechanics, instrument engineers, and nosey is fascinating, and it is possnbls to identify various different types using this project.
Other uses have been found in industry for vibration monitoring etc.

KIT740.....ccoceiienan, £119198" (I BAG .. = il V. i marivm - vr £21.44

parkerst.

A low voltage DC powered end-10-end type chaser
that can be set for any number of lights between
3 and 16. The kit is supplied with 16 l.e.d.s but
by adding power transistors it is possible to drive
filament bulbs for a larger brighter display. Very
popular with car customisers and modellers. L.e.d s
can be randomly positioned and paired to give
twinkling effects.

KIT 559} 42 e ot gmvirg £15.68

SEEOUR FULL RANGE OF KITS, BOOKS, TOOLS, AND COMPONENTS IN OUR CATALOGUE

HAMEG HM203-7 20 MHz
DUAL TRACE OSCILLOSCOPE
& COMPONENT TESTER

Western Europe's best selling oscilloscope - It is RELI-
ABLE. HIGH PERFORMANCE, & EASY TO USE.
Sharp bright display on 8 x 10cm screen with internal
graticule. A special extra feature is the bulit-in com-
ponent tester which allows capacitors, resistors, transis-
tors, diodes and many other components to be checked.
The quality of thls instrument is outstanding. and is sup-
ported by a two year parts and labour warranty.

If you are buying an oscilloscope - this is the one. - It
costs a fraction more than some other 20 MHz * scopes
but it is far far superior. Supplied with test probes. mains
lead, and manual.

£338.00-4 £69,15 var poudes FREE

Next-day delivery
{Cheques must be cleared)

EDUCATIONAL BOOKS & PACKS
ADVENTURES WITH ELECTRONICS

The classic book by Tom Duncan used throughout
schools. Very well iilustrated, ideal first book for age 10
an. No soldering. Uses an S.OEC breadboard.

Book &Components £28.95. Book only £6.25

FUN WITH ELECTRONICS

An Usborne book. wonderfully lllustratud in colour. Com-
ponent pack allows 6 projects 1o be buiilt and kept. Sol-
dering is necessary. Age 12 on, or younger with aduit
help. Book & Components £20.88, Book only £2.95

30 SOLDERLESS BREADBOARD PROJECTS
A more advanced book to follow the others. No soldering.
Circults cover a wide range of interests.

Book & Components £30.69, Book only £2.96

482

DC MOTOR/GEARBOXES

Ideal for robots, buggies,
and many other mechanical
projects. Min. plastic gearbox
with 1.5-4.5Vv OC motor. 6
ratios can be set up.

Small type MGS....£4.77
Large type MGL....£5.58

STEPPING MOTORS

For computer control via MD35"% - standard 48
standard 4 pole unipolar steps perrev....... £12.99
drivers.

MD38 - miniature 48 MD200 - miniature 200
steps perrev. ..£9.16 stepsperrev....... €17.10
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Teach-In '93

MINI LAB KITS

ALL COMPONENTS TO ASSEMBLE
THE EPE MINI LAB ARE AVAILABLE
FROM MAGENTA.

The easy way to buy the correct parts to
follow this exciting new educational series.

Components are supplied in packs to keep
ordering simple.

A full MINI LAB consists of ML1, ML3, ML5,
ML6. These are available at a special

combined price of.......cccccooererencerenneennnn. £114.99
or lessthep.cb. ‘
ML2, ML3, ML5, ML6 at................. £104.99

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

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

Part 1 (NOV. '92)....ccccecuvirerrcnccanee £49.95

KIT ML2 All Components for Part 1 less
. (073 o P P P S £39.95
KITML3 Power Supply components........... £19.95
KITML4 Transformer unit.........coc.ccoveeurennne. £21.45

KIT ML5 LE.D. Voltmeter, signal »
generator, audio-amplifier and

555 tIMET...cconreomreeerreerasensrecssenessesanse £33.95
KIT ML6 Logic probe, display, radio
EUNET .....covveereereeeee e £17.95

(Note: batteries not included)
All prices include VAT. Add £2.00 p&p.

Tel: 0283 65435 Fax: 0283 46932

/V\AGENT
ELECTRONICS ¥ LTD
In ‘93

MICRO LAB KITS

ALL COMPONENTS TO ASSEMBLE
THE EPE MICRO LAB ARE AVAILABLE
FROM MAGENTA.

Be sure that you have all the correct parts
for the MICRO LAB.

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

Full MICRO LAB kit including PC Board,
EPROM, PAL, & Booklet
O s £149.95
(Also available less PCB etc. if required).

BUILT & TESTED

Full MICRO LAB AS MIC1 (above)

Professionally assembled, inspected,
cleaned and tested. Full back-up service,
spares, etc available.

All prices include V.AT. Add £2.00 p&p.
Tel: 0283 65435 Fax: 0283 46932

Everyday with Practical Electronics, July 1993
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ESRELECTRONIC COMPONENTS

Station Road, Cullercoats,

Tyne & Wear NE30 4PQ
Tel. 091 251 4363 Fax. 091 252 2296

74LS-Series TRANSISTORS LINEAR ICs SOLDERING IRONS RF CONNECTORS
74LS00  £0.14 4000 £0.17  2N1613  £0.31 BCI86 £0.33 BD534 £0.47 CA31IE £0.28 Antex Soldering irons BNC Solder Plug 50R  £0.93
74L501 £0.14 4001 £0.97  2n1711 £0.26 BC204C £0.72 BDS3S £0.48 CA324 £0.23 M 12 Wart £7.76 BNC Solder Plug 7R £0.96
741502 £0.14 4002 £0.17  2N1893 £0.29 BC206B £0.72 BD536 £0.65 CA5S55 £0.22 C15Want £7.78 BNC Crimp Plug 50R £0.68
74L503  £0.14 4006  £0.32 2N221BA £0.28 BC207C  £0.72 BD646  £052 CA741CE £018  G1BWan £7.96 BNC Crimp Plug 7SR £0.68
740504  £0.14 4007  €0.17 2N2219A £0.26 BC208  £0.72 BD648  £0.52 CA747CE  £0.33  CS17Wan £7.88 BNC Solder Skt £1.08
Mmoo od N o swe dn oame ma ome gn oo fa  sedabs  am
41508 €014 . 2 ! .08 £0.42 CA3080  £0.72 A : 2mm )
740508 €014 4010  £023 2N2904A £0.25 BC212L  £0.08 BDBO7  £0.80 CA3130  £0.98 gﬁ; GNEE,,O,, tff g: PL259 11 mm £0.62
741510 £0.14 :0}; .18 g:gso;;\ cg.g ggg: e £o.8 angg €1.78 52331 WE E0I  Docgier Pump £3.00 AND UHF socket gg.sg
7415107 £0.23 40 i 907  £0. 0.08 BDX33C £0.46 130 0.56 9 e ‘ R UHF socket .4
Jale10s £621 4013 €017 2N2926 £0.16 BC213LC £0.08 BDXMC £050 CA3240  £1.22  pnustalicPump g-” £ Plug RG58 €0.30
Jaie11. £047 4012 €030 2N053  £0.27 BC21a ~ £0.08 BDX53C £0.47 ICL7621  g170  225WG0.5Kg Solder .40 F Plug RGE £0.27
7as112 €021 4015 €031 2N3094  £0.90 acgm. £0.08  BDXSIC  £0.50 |c~|;555 £0.43 :BSWBG g 5;‘9]65:'68' gg-gg N g;,cg RGB £1.80
4 N 4016 €018 2N3055 £0.62 BC2378 £0.09 BFIB0  £0.31 ICM7556  £0.96 mm 3 yds Solder . N Socket R 40
ik mA e e e B fowc e g g ol 09 Do Do SiCcknae BEEH
4018  £0.27 1 . . '
32t§} ;2 28;}1‘ 4019 £0.19 2N3703  £0.10 BC251 £0.13  BF194 £0.19  LF35IN £0.36 PCB EQUIPMENT
2408123 £0.31 4020 £0.31 2N3704 £0.10 BC252 £0.13 BF195 £0.19  LF353 £0.41 UV EXPOSURE UNIT £67.38
ol fom 4021  f0.31 2N3705 €010 BC261B  £0.24 BF242  £0.35 LM3SeN  £0.27 PLASTIC DEVELOPING TRAY £1.35
Jesile 531 022 g0l 2N3706  £0.10 BC26XB  £0.24  BF257  £0.33 LM377 £2.57 PHOTO RESIST AEROSOL SPRAY {100mi) £3.90
i 4023 £016 2N3771 £l.44 BC2678 £0.30 BF259  £0.33 LM3BON  E1.92 ;
741813 £0.14 3 IN3772 €151 BC307 €010  BF337 folgs]  WDAum R FERRIC CHLORIDE CRYSTALS (0.5Kg) £2.45
74132 fon 4020 £021 905003 £79 BCI0B  f0l0  BF3S5  £0.38  LM86 £0.48 TIN PLATING POWDER (S0g) £10:80
748133 £018 00 po'se  2N3819  £0.40 BC327 €010 BF423  £0.13  LM387 £1.60 ETCH RESIST PEN £0.72
7415136 £0.16 055 go'yg  2N3820 £0.58 BC328  £010  BF451 €019 LM392N  £0.79 PCB POLISHING BLOCK £1.84
7418138 £0.24 050 g£o'p0  2N3904  £030  BC337 €010  BF458  £0.29 LMI9IN  £0.28 STRIPBOARD 0-1 PITCH BREADBOARD
7415133 £0.25 4050 g3 2N3905  £0.10 BC338  £0.10 BF469  £0.36 LM748CN  £0.31 Bamm x 25mm £6.27  Bimmx 60mm £3.06
741814 £0.18  40f0 g0}y 2N3906  £0.10 BC414C  £0.13  BFX29  £0.28 LM1458  £0.26 64mm x 95mm £0.90  175mmx 42mm £3.74
748145 £0.56 403 go'7o  2N4036 €031 BCa41 £0.40 BFX84  £0.31 LM3%00  £0.72 64mm x 431mm €322  175mmx67mm £5.56
745147 €128 4032 gpoge  2NS296  £0.57  BC461 £0.40 BFX85  £0.31 LM3914  £2.70 §5mm x 127mm €1.50  203mm x 75mm includes
745148 £0.70 4037 74 2N5321  £0.57 BC463  £0.20 BFYSO  £0.29 LM3915  £2.70 95mm x 95mm €110  mounting plate & posts £7.36
74815 £034  40%c o3y 2N6107  £0.60 BC478  £0.32  BFYS) £0.26 MC3340  £1.60 95mm x 431mm £4.80 COPPER BOARD (G. Fibrs
745161 £0.25  40s0  fo2e ACI126  £0.30 BC479  £032 BFYS2  £0.28 MC4558  £0.36 100mm x 160mm €160  100mm x 160mm :
7405153 £0.26 AC127 £0.30 BC490 £0.24 88107 fo.n NE5S31 £1.56 119mm x 454mm £6.20 110 220 £1.24
7a8154 fo70 2041 €031 ,ci128  f028 BCS16  £0.22 BSI70  £0.21 NES56N  £0.36 QAR
TaSie 070 4042 €022 QRiE)  poes  BCS17  £0.20 BSWEE  £1.35 NEBGIN  £0.36 PHOTO RESIST BOARD PHOTO RESIST BOARD
Jasiee ogs %43 028 Gy o3y BC527 €020 BUIZE  £1.70 NESS3?  £0.80 Mn (DWW et BRI e
7008157 €025 sose  eq3y ACY17  £384 BC528  £0.20 BU205  £1.82 NESS34  £0.66 3uix e iy ey
7405158 £0.26 4o10 o3 ADI49 €167 B8C537  £0.20 BU08A £1.73 TBAI20S  £0.77 3 x £ P 3 e
74LS160  £0.32 - AD161  £0.92 BC546C £0.08 BU326A £1.80 TBABIOS  £0.68 28 £8 =k
Jas1e1 fo32 Goig LB Ao 62 £092 BCMIC £009 BUSIO €232 TEASIOM [0 6°x6 £2:41 g°x10 £8163
JSe o3 dos0  £020 pcio7g  f015 BCS4IC £010  BUSZ  £2.24  TLOGY £0.35 (N FEline 31, SHEBCHES
Jito1es foze o8t £0.25  pcios  £0.13  BCSSOC  £0.08 BUBOS  £1.36  TLOG2 £0.42  Ceramic Mini Disc 100 & 63V 3amp 250v 6.4mm ¢ mounting
Jeoles fols Yos2 €025 pciosa  £0J4  BCSBGA  £0.08  BUXBA  £0.77  TLOG4 £0.46 1.0pF 10 100nF SPST Toggle £0.58
e o ot €025 gCiosC  £0.14 BC557C £0.08 IRFS40  £1.60 TLO7ICP  £0.32 1pF-1nF £0.06, 1n2-2n7 £0.07. SPDT Toggle £0.60
Lo fo.2 4054 £0.56  gC109 €014 BCS58C £0.08 IRF740  £1.63 TLO72CP  £0.34 3n3-4n7£012, SPDYCO Tog £0.64
7:t§‘;2 cg'z: 395> gg-g: aglc‘)sc £015  BCsS9C go,oa MJ11015 cg.n TLoTdCN  £0.48 10n & 12n £0.07 DPDT Toggle £0.68
- : BC114  £0.41 BCS60B  £0.09 MJ11016 £2.11  TLOBI 0.3 13 P T 7
748175 €024 4063 €029 BE115 €041 BER3? €021 MIZ01 £160 TLOBICR €034 o e monE0ns SAOHCCLoIu 278
7415190 £0.26 4066  £0.18 BC116  £0.41 BC638  £0.2) MJ3001 £1.52 TLOBACN  £0.46 2 LRl (biased) 0 ezp
7418191 £0.24 4067 £1.91  pBCY1I8 £0.41  BC639 £0.21 MJE340 £0.40 UA733 £0.64 D CONNECTORS DPOT CO Togg! 8
7415192 £0.24 4068  £0.16  BC132 £0.36  BC640 £0.21 MJE3S0  £0.42 ULN2004  £0.48 ey oggle
7405193 £024 4069 £0.20 BC134  £0.36 BCYI0  £0.21 MPSA13 £0.12 2ZN414Z  £1.04 5 (biased 1 way) £1.20
74L5195 £0.24 4070  £0.17  BC135 £0.36 BCYN £0.20 MPSA42 £0.17  ZN425E £4.68 €029 DPDT muni slide £0.15
74196 £0.24 4071  £0.20 BC140  £0.25 BCY?2  £0.20 MRF476 £6.21 ZN426E  £2.861 o Rotary Water 1P-12W, 2P-6W,
7405197 £0.24 4072  £017  BC141 £0.27 BD135  £0.20 TIP121  £0.35 2ZN427E  £8.82 s 3P-4W. 4P-3W £0.78
74L520 £016 4073  £0.17 BC142  £0.31 BD136  £0.21 TIP122  £0.37 ZNA42BE £6.12 0o Key Switch SPST £2.70
74L821  £014 4075  £017 BC143  £0.34 B8DI37  £0.22 TIP125  £0.37 ZN43SE  £6.31 A, L 030  Pushtomake £0.25
741822  £0.14 4076  £0.30 BC149 £0.12 BD138 £0.22 TIP127 £0.37  ZN448E €92 o w:: g,:::"z 53:3: f033 Pushilohreak £0.28
Mgn bu Gy on SH 8% B8 Bg mx B g BWIST  BE SR. B9
7405241 £0.32 4082  £0.7 ag! 59 go; 2 BD150C co.s; n:: 42  £1.06 RAMS Ey|plastic cover i :
7405242 £0.32 4085  £0.28 BC160 0.28 BD165 £0.4 TIP147 £1.12 - BRIDGE RESISTORS
4 : 4086 €026 BC170  £0.18 BD166  £0.35 TIP2955 £0.63 2716 £4.46
it 28_,’2 2089  F0.55 BC170B  £0.16 BD187  £0.33 TIP29C  £0.31 2732 £4.84 RECTIFIERS i R T Eisou 00
7408245 4093 £0.18 BCI7 £0.11  BD201 £0,.40  TIP3055  £0.63 ¥ A 50V £019 o yoa 5y
LS2 £0.33 2094 £0.31 8c1718 £0.16 BD202 £0.40 TiP30C £0.31 27128-20 £3.69 WO005 1.5 0.1 0.25W 1% MF E24 Series £1.72/100
7415247  £0.32 . 17 1 2 s P31 X 2764-25  £3.00 W02 1.5A200V £0.20 POTS Log or Lin 470R - 1MO 25mm dia 0.26in
7as251 fo2e 4095 fose  BCII £003  BD20:  fo40 Tipacc oz 27C64.25 £280  BR32IAZ00V €036 shah £0.42
2008 €031 BC177 €018 BD222  £0.40 TIP33C  £0.72 21728-20 £315  BR626A 200V £0.64 ”‘:'55; ‘S‘%’g,'g“;"h;g’g‘ ) coite
4099 €038 BC178 £0.18 BD225 £0.42 TIPA1A £0.36 27C128-20 £3.31 1004 10A 400V £1.39  pRESETS Skeloton Hor, 3
402 038 0Ny  fo0s bbzy  fose mas  foss 2128820 €315 o1 Vet 100R - 1MO0.1W con
oon 58‘:10 BC182L  £0.08 BD238  £0.32 TIP48 £0.62 2;2256~2° £3.65 # PLEASE STATE VALUE REQUIRED #
; BC182LE £0.08 BD240B  £0.37 TIPSO £0.53 27C512 £3.69
PN BCle3 © fooa EDlets £os0 VNloM foas  Zicoo  £4%? COMPUTER ACCESSORIES Ll
183L 0.08 D244A 0. VNGB, 1.50 6§116-10 63 ner Diodes -
4512 €032 oig3Le £0.08 BD246  £1.06 ZTX300  £0.16 £ Pewliedfgtagitandi2i £6.90  B7vgsa00Mw  £0.08
4514 £0.73 8264-10  £3.08 ad (all pins) Male ~ Male £3.60
RS232 Lead (all pins)
4815 foeg BC184  £0.08 BD441  £0.41  ZTX500  £0.16 P BZXB513W  £0.14
4516 fo/3WpBCISEL  COBE ,BD32 L6 Grea1s. £178  Comuamesds Wy Laad Maln— Malo €478 14001 £0.06
18 £0.27 TRIACS THYRISTORS R 1 e il o " 1nao02 £0.07
4521 €062 20105DA  £0.42 PO102AA £0.30 511000-8  £6.61 9 way D Mini Female to Female £1.81  1N4003 £0.07
4526  fo0.a0 TIC206D €0.65 TIC1060 £0.40 514256-8 £5.61 9 Way D Mini Male to Male £1.98 1N4004 £0.07
4527  £0.39 T1C2260  £0.73 Tic116D £0.66 25 Way D Mini Female to Female £2.23 1NADOS £0.07
4528  £0.40 BTA08-6008 £0.84 TIC1260 £0.77 . 25 Way D Mini Male to Male £2.23  1N4006 £0.08
4529  £0.44 B‘&zgw 58';3 HARDWARE BUSCISINNIE] 9 Way D Female 1o Female £2.33  1N4007 £0.08
PR3 B T2 Box 75x 56 x 25 £0.82 Bl 007 IRY DNl . g:’? e £0i6
- VOLTAGE ox 75 x 56 x 25mm . H g 25 Way D Female to Female .7
4536 £1.00 RIS T T3Box75x51x25mm  £0.82 LR €011 25 way D Male 1o Male pan NS0 09
4538 £0.37 ~ T4Box111x57 x22mm  £0.98 166 £015 1N5402 £0.09
4541 £0.33  78LOS £0.24  MBY Box79x61 x40mm  £1.44 Lia £0:15/ . &deptogs 1N5204 £0.11
4543 f0.48  78L12 £0.24 20 Pin £0.6 9 Way Mals to 25 Way Female €233 4y "
S5  tose 78015 fpi2e -VMB2Box100x7oxiimm. €1.55 24 Pin £0.19 25 Way Male to 9 Way Female t2i33) g €0l
i foas 7900 g0:28 W82 8px118x08 x 4BmY - £1:82 28 Pin £0.22 35 way D Male to 36 Way Centronic ga56 1NS407 E0:14)
1586 evad 7e012 S0.58 MB5Box150%100x 60mm £2.50 40 Pin £0.25 35 way Null Modem Femate - Female £302 1N5408 £0.16
4566  £1.96 79L15 £0.28 25 Way Null Modem Male to Female £3.02 1N914 £0.06
4572 £0.26 1805 £0.28 ELECTROLYTIC RADIAL CAPACITORS 25 Way Null Modem Male to Male £3.02 1N916 £0.08
4584 £0.24 7812 £0.28 RS232 Surge Protector Male - Female £6.12 1N4148 £0.05
4585 £0.32 7815 £0.28  uF 16V 25V 63V 100V 450V RS232 Jumper Box Male 1o Female £3.02 Bgy133 £0.13
4724 £0.70 7905 £0.38 047 - €0.05  £0.07 RS232 Tester (7 LEDs) Male - Female £6.59 aq7 £0.28
A0toon eol] 912 ok 19 £ [00s L0086 f0)s  OsteSwitchBoxes 0A%0 £0.07
40109 £0.50 . X i X i t -
LMAN7T £0.44 - Serial Switch box — 2 Way A/B £9.20 0A91 £0.10
profr s ST 17 <) £0.29 :67 £0.06 £0.06 058 00 fos Serial Switch box - 3 Way A/B/C £1316  0a202 £0.27
40175 £0.3¢  L-200CV £1.18 22 £0.05 £0.06 £0.09 Serial Switch box - 4 Way A/B/C/D £18.15  goq4cy £0.10
40193 COIGO Lmzax gg.;g a7 £0.08 £0.08 £0.11 - genal Switch box gvxss oAvIev g?:z BA158 £0.10
. LM338K 2 100 £0.06 £0.09 £0.11 arallel box ay A/B g X
220 €009 €012 £0.31 Parallel box 3 Way A/B/C/ €711 BAISS €o.10
OPTO-DEVICES 470 £0.15 €019  £0.57 Parallel box 4 Way A/B/C/D £18.43 1N4149 £0.06
1000 £0.22  £€0.29 Parallel box Cross over £20.42 0A200 £o.10
5mm Red LED £0.09 2200 £0.37 £057
Smm Green LED £0.10 5500 : a1
All 20z Reels Smm Yeliow LED £0.10 M Tl N
TS P B GuiLm £0.10 ELECTROLYTIC AXiAL CAPACITORS ORDERING INFORMATIO
16 SWG .67 3mm Red LED £0.08 .
18SWG  £0.67  3mm Green LED £012 uf 16V 285V 63V 100V 450V All prices exclude VAT.
20SWG  £0.72  3mm Yellow LED £013 047 3 A AL O Please add £1.25 carriage to all orders and VAT (17.5%).
PEnE 070l STRORATELED RS 22 - £010 £010  £0.22 No minimum order charge.
24 SWG £0.80  5mm Flashing Red £0.50 ' v £0.09 £0.10 £0.10 £0.3a ik g .
26 gwg £0.89  Smm Flashing Green £054 39 - £012 £012 £012 £0.48 Free Computer listing with all orders over £5.00.
28SWG  £0.91  Smm Bi Colour £0.38 22 z £0.09 £013 £017  £1.08 i
30SWG  £0.83  Smm Ti Colour €048 47 €010 €011 €018 £0.20 £3.33 Please send payment with your order.
32SWG  £0.83  Smm Plastic Bezel £o.04 100 PRI G ) £2.46 PO/Cheques made payable to NN
34SWG  £0.99  3mm Mastic Bezel £0.06 .2 0. £0.24  £0.89 - ESR Electronic Components  VISA
0.21
36SWG  £1.08 0.3 7 Segment Display Red 1030 £0.33 £0.40 £1.05 - s, 1 p
38SWG  £1.10  common anode €194 2500 £052 064 - Access & Visa cards accepted
YSWGI £122]  commapidutiode - Offical orders from schools & colleges welcome.

CALLIN - OPEN: MON-FRI8.30-5.00 SAT 10.00-5.00

434 Everyday with Practical Electronics, July 1993




EVERYDAY |

wiTH | PRACTICAL
EL C RONICGS

CORPORATING ELECTRONICS MONTHLY

Editorial Offices:
EVERYDAY with PRACTICAL ELECTRONICS EDITORJAL,
6 CHURCH STREET, WIMBORNE,
DORSET BH21 1JH
Phone: Wimborne (0202) 881749

Fax: (0202) 841692. DX: Wimborne 45314.
See notes on Readers’ Enquiries below — we regret that
lengthy technical enquiries cannot be answered over the
telephone.

Advertisement Offices:

EVERYDAY with PRACTICAL ELECTRONICS
ADVERTISEMENTS,
HOLLAND WOOD HOUSE, CHURCH LANE,

VOL. 22 No. 7 JULY ’93

GREAT HOLLAND, ESSEX CO13 0JS.
Phone/Fax: (0255) 850596

ENVIRONMENTALLY FRIENDLY?

“Green” issues seem to be at the forefront in most media these days and we are
no exception. This month we publish another *solar™ project to add to those in
past issues.

A few years ago such a project as the Solur Personal Stereo Supply would have
been totally out of the question on the grounds of price alone. Even now the cost
of the project (£20 upwards) is high in comparison with its complexity. However,
with battery prices ever rising and the heavy use some of them are put to, such a
unit could pay for itself by the end of the summer.

MAGNETOHYDRODYNAMICS

Next month we will describe a rather different “‘green™ project, an electronic
descaler. A few months ago a reader sent us a leaflet about such an item, costing
over £200, which is now being widely marketed in the UK. What we have done is
to ask Andy Flind, one of our “‘team” of freelance designers, to produce an ex-
perimental unit based on the same principles. A unit that you dnd I can build for
less than £20.

The output of our project is similar to that of the commercial item and it should
therefore do the same job of preventing limescale build-up in pipes and around
taps, shower heads, kettles, etc. It could save on your heating bill and prevent
costly repairs.

We will be very interested to hear from readers of their experiences with the unit
in use over the coming months. Apparently the science behind the effect of mag-
netism on liquids is called magnetohydrodynamics and hopefully this science will
become better understood in the future. It has suffered rather from the almost
unbelievable claims of increased performance and fuel savings in petrol engines
when a simple magnet is attached to the fuel line.

As Barry Fox said a few months ago, we have yet to see independent proof that
such devices work as claimed. However, it seems to be generally accepted that
magnetism can indeed prevent limescale build-up in water systems and a range of
devices (mainly ceramic magnets) are now being fitted to commercial and domes-
tic systems.

SUBSCRIPTIONS BACK ISSUES

Annual subscriptions for delivery direct to any
address in the UK. £20. Overseas: £26 (£43.50
airmall). Chegues or bank drafts (in £ sterling only)
payable to Everyday with Practical Electronics and
sent to EPE Subscriptions Dept, 6 Church Street,
Wimborne, Dorset BH21 1JH. Tel: 0202 881749.
Subscriptions start with the next available
issue. We accept Access (MasterCard} or Visa
payments, minimum credit card order £5.

¥ LOGIC EXPLA!

s

| TEACH-IN '93 =
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FIBRE OPTICS
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Certaln back issues of EVERYDAY ELECTRONICS,
PRACTICAL ELECTRONICS and EVERYDAY with
PRACTICAL ELECTRONICS (from Nov "92 onwards)
are available price £2.00 (£2.50 overseas surface mall}
inclusive of postage and packing per copy — £ ster-
ling only please, Visa and Access (MasterCard)
accepted, minimum credit card order £5. Enguiries
with remittance, made payable to Everyday with
Practical Electronics, should be sent to Post Sales
Department, Everyday with Practical Electronics, 6
Church Street, Wimborne, Dorset BH21 1JH Tel:
0202 881749. In the event of non-avallability one
article can be photostatted for the same price. Nor-
mally 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 & Sept 91 Everyday Electronics,
and can only supply back issues from Jan 92 to
Oct 92 (excluding Mar 92) of Practical Elec-
tronics. Dec 92, Jan 93 and Feb 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 £4.95
plus £3.50 post and packing (for 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.
Payment in £ sterling only please.
Visa and Access (MasterCard) accepted, mini-
mum credit card order £5. Send card number
and card expiry date with your name and ad-
dress 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 incor-
poration or modification of designs pub-
lished 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 per-
sonal reply must be accompanied by a
stamped self-addressed envelope or a
self addressed envelope and interna-
tional reply coupons.

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 answaer 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
bona 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 the form of
inserts.

The Publishers regret that under no
circumstances wili the magazine accept
fiability 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 would like to advise readers that cer-
tain items of radio transmitting and tele-
phone equipment which may be advertised
in our pages cannot be legally used in the
UK. Readers should check the law before
using any transmitting or telephone equip-
ment as a fine, confiscation of equipment
and/or imprisonment can result from illegai
use. The laws vary from country to country;
overseas readers should check focal laws.
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Constructional Project

XENON

STROBOSCOPE

CHRIS WALKER

Study the behaviour of rotating or
vibrating objects by “freezing” the
action. Can also be used to create
special effects for home photography.

ticle is a mains-powered piece of ap-

paratus which provides brief bursts of
intense blue-white light at a flash rate ad-
Justable from about 3Hz up to 260Hz. A
xenon flash tube is used as the light source,
and an external trigger input is provided so
that the flashes may be synchronised to an
external signal source.

This is not a suitable project for anyone
who is not experienced in building mains
powered equipment see the Electrical Safety
section

FREEZE

A stroboscope is a very useful piece of
gear in the laboratory or workshop since it
can be used to “freeze’ the motion of a
rotating or vibrating object. This can be
very useful if one wishes to observe the
dynamic behaviour of the object.

For example, the vibration in an un-
balanced drive shaft can be studied in
**slow motion”, or the mode of vibration of
a loudspeaker cone. Other interesting ob-
jects to study include the movement of
guitar strings, tuning forks, electric drills,
electric food-whisk beaters, electric fans,
model aeroplane engines etc.

A fast-dripping tap is a fascinating sub-
Ject. With the stroboscope you can freeze
the water drops in mid-air or, perhaps even
more impressive, make the drops travel
slowly upwards from the sink into the tap!

Furthermore, if the stroboscope is
calibrated then the frequency of the moving
object can be measured by freezing the
object’s motion and reading the frequency
off the stroboscope dial. More on this later.

A stroboscope can be used in photo-
graphy to create multi-image effects (this
could be especially useful when the exter-
nal trigger input is used), and it can also
provide special effects in discos and on the
theatrical stage although the power output
of this unit is rather limited for such use.

WARNINGS

Be careful when using a stroboscope on
or near machinery. Remember that although
the machine’s motion may appear frozen it is
still very much in motion and could cause
injury if touched.

THE stroboscope described in this ar-
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A few people who suffer from epilepsy
may be sensitive to flashing lights, and
flashes at relatively low frequencies may
induce a secizure. Anyone experiencing
dizziness, blurring of vision, headaches or
general lack of concentration whilst using
the stroboscope should discontinue use
immediately.

XENON TUBE

Xenon (pronounced zennon) is a colour-
less, odourless gas. It occurs in trace
amounts in air and is relatively non-

+350v

O.C. !
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| Rb
>

Ra J-
| riceen (%
TRIGGER
— = SWITCH
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Fig. 1. Basic trigger arrangement for
“striking”’ the Xenon tube.

reactive. (The word Xenon comes from the
Greek m=aning “something strange™!)

The flash-tube used in the Xenon Strobo-
scope is very similar to those used in photo-
graphic flash-guns. It is simply a xenon-
filled glass tube with an electrode at each
end and a third “trigger” electrode fastened
to the outside of the glass.

BASIC CIRCUIT

The circuit in Fig.l shows how these
tubes are often used. The reservoir
capacitor C; charges up to about 350V via
resistor R,. At the same time the trigger
capacitor C, charges via resistor Ry,

Specification:

Power Supply: Mains 240V, SOHz a.c.
Current consumption
150mA max.

Light Source: Xenon tube

Energy input per flash:

Greater than 100mJ below

60Hz; 30mJ at 250Hz

Range A: 3Hzto 26Hz

(180/min to 1560/min)

Range B: 9Hz 10 86Hz

(540/min to 5160/min)
Range C: 30Hz to 260Hz
(1800/min to 15600/min

External trigger input:

3Vio 18V

Positive-edge triggered.

Opto-isolated for safety.

Maximum flash rate

Trigger:

approx. 300Hz

When C, is charged a p.d. of 350V then
exists across the ends of the xenon tube X1
but the tube will not conduct since the
xenon gas is an insulator. To make the gas
conduct it is necessary to apply a brief high
voltage pulse in excess of 4000 volts to the
trigger terminal on the tube.

This is achieved by discharging the trig-
ger capacitor C, through the primary wind-
ing of the trigger transformer “T1* shown
in Fig.]. When the trigger switch is closed
the surge of current through the trans-
former primary induces a high voltage
spike into the secondary winding which is
applied to the trigger electrode on the tube.

Under “rest” conditions the xenon
atoms in the tube are electrically neutral;
this is why the gas will not conduct — there
are no free charged particles to permit
conduction. However, under the intense
electric field created by the trigger pulse,
electrons are literally torn off the xenon
atoms and they start to accelerate towards
the positive electrode at the end of the tube.
This is called “*striking™ the tube.

As they accelerate, these rushing
electrons collide with other xenon atoms
and knock further electrons into conduc-
tion. The process rapidly grows into an
avalanche until there is a huge torrent of
electrons crashing along the tube.

Under these conditions the gas exhibits a
very low resistance and capacitor C, dis-
charges its load through the tube in a brief,
high current surge. This current excites the
xenon atoms and causes the emission of
light.

The gas remains conductive until the
reservoir capacitor is almost fully dis-
charged and the current flow through the
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tube drops below a *“holding level™, upon
which the free electrons re-combine with
the xenon atoms once more.

The capacitors then recharge and, after a
short delay which depends on the values of
resistors and capacitors used, the tube is
ready for firing once again.

CAPACITOR

The choice of reservoir capacitor greatly
influences the performance of the circuit
and the brightness of each flash.

Electrolytic capacitors have the advantage
of a high capacitance but they also exhibit a
relatively high “power factor” due to their
structure. This means that the maximum
rate at which they can discharge is limited by
the inherent internal resistance and induc-
tance of the capacitor. It also means that

stable at about 340V, which is the peak
value of the a.c. mains.

Current flows via resistors R2 and R3 to
charge up the tube reservoir capacitor C2.
Resistors R2 and R3 have to dissipate a
large amount of heat at high flash rates,
hence the use of two resistors in parallel to
share the load.

Current also flows from the smoothing
capacitor C1 through resistor R4 to charge
up the trigger capacitor C3. Resistor pair
RS and R6, Zener diode D4 and capacitor
C5 provide a stabilised 12V power supply
for the oscillator circuit described next.

OSCILLATOR

The internal trigger pulses are generated
by IC2 which is a CMOS version of the
popular 555 timer i.c. Any low power 555

quency ranges A, B and C as described in
the specification.

The other pole of the range switch S2a
selects the source of trigger pulses — from
the output of IC2 (pin 3) for ranges A,
Band C or from opto-isolator IC1 if the
‘external trigger input’ position is selected.

OPTO-ISOLATOR

Applying a p.d. across the external trig-
ger input sockets SK1 and SK2 causes a
current to flow through the le.d. within
the opto-isolator IC1. The infra-red light
emitted as a result switches on the transis-
tor within IC1, creating a p.d. across resis--
tor R8 when rotary switch S2 is in the
“Ext.” position.

The opto-isolator is included as a
safety feature to ensure that there is no
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Fig. 2. Complete circuit diagram for the Xenon Stroboscope. The opto-isolator IC1 MUST be included to safely isolate and
protect any external trigger device from the high voltage circuit.

they waste energy by heating themselves up
during the charge/discharge cycle.

The shorter the flash duration, the
brighter the flash wili be (for a given energy
put through the tube) so it makes sense to
use a type of reservoir capacitor with the
smallest possible power factor so that it can
discharge rapidly and dissipate its energy in
the tube, not the capacitor.

After experimentation, the author found
that polypropylene capacitors give the
best results. They have a power factor
several hundred times lower than most
electrolytics.

MAIN CIRCUIT

The entire circuit for the Xenon Strobo-
scope is shown in Fig.2. Mains power is
supplied via on/off switch Sl and the cir-
cuit is protected by fuse FS1 (which should
be a slow-blow type to cope with the cur-
rent surge at switch-on). Transient suppres-
sor (varistor) VDRI, connected directly be-
tween mains Live and Neutral, helps to
remove any mains-borne spikes (high volt-
age pulses) which could damage some of
the components within the stroboscope.

Diode DI provides half-wave rectifica-
tion of the a.c. mains and the resulting
current-pulses flow through resistor R1
and charge up the smoothing capacitor C1.
The d.c. voltage across Cl will be relatively

i.c. should work in this application, e.g.
ICM7555, TS555CN, TLCS55C etc.

The frequency of oscillation is deter-
mined both by the setting of variable
resistor VR1 and by which capacitor is
switched into circuit by the range selector
switch S2b. The three capacitors C6, C7
and C8 provide the three switched fre-

electrical connection between the mains-
linked stroboscope circuit and any external
device connected to it. It must not be
omitted from the circuit.

A sharply rising voltage across R8
charges capacitor C4 and creates a brief
positive pulse at the gare terminal of
MOSFET TRI. This, in turn, briefly
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TO END TERMINALS
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reduces the resistance between drain and
source allowing capacitor C3 to discharge
through the primary winding of trigger
transformer T1.

The voltage induced into the secondary
winding of T1 is applied to the trigger ter-
minal on the xenon tube XI. This trigger
pulse strikes the tube, causing it to conduct,
and capacitor C2 then discharges through
the xenon tube producing a bright flash of
light.

Diode D2 protects the MOSFET by
quenching the high voltage back e.m.f.
which is generated by transformer T1 after
each trigger pulse.

The capacitor and resistor values have
been chosen so that the energy dissipated in
the tube per flash is reduced at higher
frequencies. This is done to prevent the tube
from overheating and thus severely reducing
its operating life.

The maximum flash rate is limited by how
fast the capacitors can re-charge between
each flash. With the values given, the maxi-
mum rate is about 300Hz. Attempting to
operate above this frequency will simply
result in the tube *“misfiring” -~ no damage
will result.

ELECTRICAL

SAFETY

THIS IS NOT A BEGINNER'S
PROJECT. The entire circuit board is
connected directly to the mains and must be
treated with great respect. MAINS
ELECTRICITY CANKILL!

We do not wish to dissuade readers from
building this useful piece of gear but,
please, if you have any doubts about any
aspect of construction then seek advice from
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someone with the necessary experience.

The components used must be new (not
salvaged from Grandad's old valve radio)
and of high quality. The power rating of
the resistors, and the voltage rating of the
capacitors must be at least that specified in
the components list.

Capacitors Cl and C2 will retain a haz-
ardous charge for several seconds afier
switching off. Contact with these capacitors
(or with any conductor connected to them)
whilst they are charged is VERY
DANGEROUS.

Completed strobe “~
with U-shaped cover
removed. The metal case
must be Earthed

If a metal case is used for the stroboscope
it must be earthed. The unit should net be
operated until it is completely encased.

Should it prove essential to run the cir-
cuit with the printed circuit board exposed
then plug the mains lead into an R.C.D.
circuit breaker to minimise the chances of a
fatal electric shock. The metal tab of MOS-
FET TRI will be at 340V above earth
during use; be careful not to touch it.

After operation at high frequencies, the
xenon tube and several of the resistors on
the p.c.b. will become very hot.

Evervday with Practical Electronics, July 1993
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Fig. 3. Printed circuit board component layout (far left) and full size copper foil

master pattern (above).

CONSTRUCTION

Despite the earlier warnings, construc-
tion of the Xenon Stroboscope is quite
simple. The circuit is built on a printed
circuit board and the foil pattern and the
component layout is shown in Fig.3.

Commence construction of the p.c.b. by
soldering in the physically small resistors,
the small capacitors, the diodes, fuse holder
and the trigger transformer T1

The lead connections for the trigger
transformer shown in Fig.3 are for the
*“4kV trigger transformer” as specified.
Connections for other transformers may
differ and it would be wise to check before
mounting on the p.c.b.

As usual, it is recommended that d.i.l.
sockets are used for IC1 and IC2. Notice
that ICI is a six-pin device and it will be
necessary to cut down a larger d.i.l. socket
(e.g. 8-pin) using a small hacksaw before
mounting on the p.c.b.

Double check the values and the position-
ing of all components. Make sure that the
diodes are placed the correct way around;
as usual, the band around the body of the
diode indicates the cathode (k) lead.

Insert the MOSFET TRI with its metal
tab adjacent to diode D2. Although TR1 is
equipped with a heatsink tab it should not
become at all warm in use so no additional
heatsink is required. Transient suppressor

B8 A
g
& &
3
NEUTRAL
L {BLUE)
LIVE
{BROWN!
SK1 SK2
GREEN/
YELLOW
STRAIN RELIEF
[+ GROMMET
( ) | _€aRTH
Ol—1%

Fig. 5. Wiring from panel mounted components to circuit board. Letters A to M
indicate connections to p.c.b. shown in Fig. 3.
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VDRI is not polarity-conscious and can be
fitted either way around.

Solder into place the large capacitors Cl
and C2 paying particular attention to the
polarity of electrolytic capacitor C1. When
fitting the large power resistors (R1 to R3.
RS and Ré6), they should be mounted about
10mm above the board to allow air to circu-
late freely around them.

Solder sixteen flying leads onto the p.c.b.
for later connection to the off-board com-
ponents. These leads should be made using
flexible, insulated copper wire.

Finally, insert the two integrated circuits
into the d.i.l. sockets and place a 250mA-
anti-surge fuse into the fuse clips.

COMPONENTS

Resistors
R1 100 3W wirewound
R2, R3  4k7 10W wirewound (2 off)
R4 100k
R5, R6 100k 1W carbon (2 off)
R7,R8 12k (2 off)
R9 ak7
R10 10k
R11 330

All 0.6W metal film unless stated
otherwise.

Potentiometer
VR1 100k rotary carbon, lin.

Capacitors
C1 47 radial elec. 450V

C2 2u2 400V polypropylene
C3 22n 400V polyester

(o] 10n polyester

C5 100p radial elect. 25V
C6 2u2 35V tantalum bead
c7 0u68 polyester

Cc8 0u22 polyester

Semiconductors

D1,D2 1N4007 1000V PIV silicon
diode (2 off)

D3 1N4148 silicon diode

D4 BZY88C12V 12V 500mW
Zener diode

TR1 IRF830 power MOSFET

IC1 Opto transistor isolator

1IC2 Low power 555 timer i.c.

(e.g. ICM75565, TS555CN,
TLC555C etc.)

Miscellaneous
X1 Xenon flash tube. U-shaped
strobe type, rated at 4
joules (or greater) per
flash.
T1 4kV trigger transformer to
match xenon tube X1

VDR1 250V mains transient
suppressor

S1 Double-pole mains rocker
switch

S2 3-pole 4-way rotary switch

SK1, SK2 4mm panel mounted socket
(2 off)

FS1 250mA anti-surge fuse
{(20mm) with two p.c.b.
mounting clips.

Printed circuit board available from
the EPE PCB Service, code 834,
aluminium case 150mm x 150mm
x 100mm; parabolic reflector; clear
Perspex; p.v.c. beading to trim reflector
hole; Earth solder tag; knobs (2 off);
strain relief grommet; 4BA nuts, bolts
and spacers; connecting wire; 8-pin
d.i.l. sockets (2 off, one cut down to
6-pin); 3-core mains lead; rubber feet

for case (4 off).
£29

Approx cost

guidance only
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The prototype Stroboscope is housed in
an aluminium instrument case measuring
150mm x 150mm and 100mm high. The
photographs show how the xenon tube and
reflector are mounted on the front panel
and the controls mounted on the rear
panel. A plastic case could be used, if
desired, in this case no metal parts should
pierce the case i.e. use nylon fixings and
insulated plastic spindle controls.

Drill the case to accommodate the con-
trols — on/off switch S1, range switch S2,
frequency control VR1 and external input
sockets SK 1 and SK2. The point where the
mains cable enters the case should be fitted
with a strain-relief grommet to prevent the
cable from being pulled out.

When planning the layout of the case, try
to keep the frequency controls and their
wires as far as possible away from the
xenon tube otherwise interference from the
latter could cause spurious operation.

If a metal case is used, ir is most impor-
tant that it is earthed for safety. Remember
that you may not be the only person ever to
use this device. The earth wire in the mains
lead must be fastened to a solder tag which
is then bolted to the metal case. Scrape any
paint away from the contact area to ensure
a good connection.

REFLECTOR

The light output from the Stroboscope
will be vastly increased by placing the xenon
tube at the approximate focal point of a
parabolic reflector. Constructors could have
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Positioning of components inside
the metal case

a go at making their own reflectors, but
something suitable should be obtainable
from an old torch, or a car side-light or
fog-lamp - a visit to a scrap yard could yield
results. Ideally, a reflector diameter between
70mm and 120mm will be well matched to
the size of the xenon tube.

A metal reflector is preferable to one made
from plastic since the xenon tube can be-
come quite hot at high flash rates and a
plastic reflector will melt! The shape of
the hole at the back of the reflector will
need modifying with a file to accommodate
the xenon tube; the latter can be held in
place using high melting point adhesive, e.g.
Araldite.

A large hole, slightly smaller than the
diameter of the reflector, should be cut out
of the case. One method of doing this is to
mark the required hole size on the case and
then drill a ring of smaller holes just inside
this mark. The disc is then removed by
cutting between the holes with tin-snips or
an Abrafile and the final hole can be filed out
to full size. The hole can be lined with a strip
of slotted p.v.c. beading; this produces a
smart appearance, much better than a sharp,
cut edge.

A sheet of clear Perspex is glued be-
hind the hole (inside the case) and the
reflector/tube assembly is then glued onto
the Perspex, see Fig4. This method of
mounting is particularly important if a metal
reflector is used since it ensures that the
reflector is well insulated from the earthed
case. Unless the trigger electrode on the
xenon tube can be insulated from the reflec-
tor (this is difficult to achieve), earthing the
reflector will prevent the tube from striking.

INTERWIRING

The p.c.b. should be securely fastened
into the case using three 4BA bolts, 10mm
spacers and nuts (nylon bolts if a plastic
case is used). It is obviously important that
the p.c.b. tracks do not touch the metal
case.

Once all the components are fastened
into the case, complete the connections be-
tween the p.c.b. and the panel-mounted
components according to Fig.3 and Fig.5.
Note that connection *'I" is made to three
tags on the rotary switch S2. Route the
wires from rotary switch S2 and poten-
tiometer VR1 well away from the xenon
tube and its associated wiring.

EARTHED METAL
CASE

P.v.C. BEADING

PERSPEX ———=

XENON TUBE

\REFLECTOR

shown left

Everyday

Fig. 4. Method of mounting the tube and reflector inside the
case. The Perspex also insulates the reflector from the metal
case. Wiring to the tube pins and reflector glued in position is
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The completed strobe showing wiring
to the rear panel components. The
mains Earth (see Fig. 5) is bolted to the

01SC ROTATION FREQUENCY SOMz {3000 r.p.m.)

base of the metal case.

CALIBRATION

Accurate calibration of the prototype
Xenon Stroboscope was not attempted.
Instead, two approximate scales were ap-
plied around the frequency control knob,
one set for ranges A and C (which are
related by a factor of ten) and the other set
for range B.

For accurate flash rates, the stroboscope
can be triggered externally by a calibrated
signal generator connected to sockets SK1
and SK2.

It is possible to use a set of tuning forks
to calibrate the Stroboscope at higher fre-
quencies. This is achieved by stroboscopi-
cally freezing the motion of the fork’s tines.
The frequency is often stamped on the side
of a tuning fork. However, it should be

(R (

STROBE AT 150Hz STROBE AT 100Hz

STROBE AT 50H2 STROBE AT 25Hz
AT 16.7Hz
AT 12+5Hz

etc.

(EEeTsea)

Fig. 6. The effect of “strobing” a rotat-
ing disc. (Rotation frequency 50Hz
(3000rp.m.).)

noted that the frequency scale around VR
is not linear, so detailed calibration does
require a large number of tuning forks!

When arresting the motion of an oscillat-
ing object in order to assess its frequency, it
is necessary to start with the stroboscope at
a high frequency and reduce it slowly until
the first frozen image is obtained. As the
frequency is reduced further a second sta-
tionary image will be obtained with the
flash rate at half the oscillation frequency;
the object is then undergoing two cycles of
oscillation between each strobe flash, see
Fig. 6.

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 conrects 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 \e =

D00 — @ =

GERMANY 089/4602071
NORWAY 071-17890
ITALY 02 92 10 3554

FRANCE (1)69.41.28.01

Also from VEROSPEED UK

MQP ELECTRONICS Ltid.

Unit 2, Park Road Centre,
Maimesbury, Wiltshire, SN16 0BX UK
TEL. 0666 825146 FAX. 0666 825141
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NEW FROM AUSTRALIA

SINGLE BOARD COMPUTER FOR 1990s

The Southern Cross SBC is designed to teach beginners modern code
development techniques as well as assembly language. Start with machine
language using the on-board 21 hex digit keypad, then progress to using a
PC. Assembler provided with many program examples. Serial downioad
assembled program from PC to Southern Cross. Senial interface provided.

Simple but powerful monitor program fully annotated. Learn to usc parts
of it in your own programs by "system calls’ & using a *header file’.

Leam how to single step through your program to find errors. Both
hardware & software single stepping provided & explained.

We do not fill the User Manual with pages of theory. Go straight to
program examples. Starts from a very basic level anyone can follow.

The Southern Cross system includes @ all cmos ICs @ hardware speed
control @ 8K EPROM e 64K RAM e 4.00 MHz Z80 e 10 year RAM
backup with oBtional DS1213B o calendar/time access & RAM backup
with optional DS1216B e 9-15V AC/DC. Single-sided PCB 9.75" x 5.15%.
Two add-on boards available. Relay Board to connect to real world of
lights & motors and 8x8 LED moduie Board to write moving displays.

Southern Cross Kit £79.50 Assembled £ 94.50

8x8 Board £29.90 DS1213B SmartSocket £24.50
Relay Board £1550 DS1216B SmartWatch £ 34.50

'INTELLIGENT’ EPROM EMULATOR

Full explanation of how to construct & use it. Uses 5 ICs & 8748 uC.
Emulates 8K, 16K & 32K EPROM. Recognises binary & Intel hex files in
software. Connects to printer port 1 or 2 on a PC. Reset sent in software
before file transfer. /F switch fills unused emulated ROM with any hex byte.
Powered from target system. Cables included. Small 4.5" x 2.3" double-
sided, PCB with overlay. Many examples provided on floppy disk.

Kit £52.90 Assembled £59.50

Designed in Australia, manufactured in Hong Kong. Airmail postage
included. Ask me for more information. Full technical support.

Peter Crowcroft Ph.D. Fax: (852) 7250610

DIY Electronics

GPO Box 904 HONG KONG
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A roundup of the latest Everyday News from the world of electronics

GIRLS SHOW THE WAY

IN an industry which has traditionally
seen only a very small percentage of
female engineers it is pleasing to find
more than half the honours in the 1993
Young Electronic Designer Awards being
taken by the girls. Pictured are three of
this years winners flanked by co-spon-
sors Ken Sanders, managing Director of
Texas Instruments Ltd (right) and Robert
Johnston, Personnel Director of Mercury
Communications Ltd. (left).

Senior winner, Philip Pegden (18) (cen-
tre) of Tonbridge School, designed a com-
ruterised quadraphonic sound effects system
or theatres. Intermediate winner Nicola Hay
(second left) of Woldingham School in Sur-
rey achieved her success with an electronic
device to monitor water contamination in
brake fluid, now a requirement of the MOT.
Junior winner Emma Lye (second right) of
Bancroft's School in Essex won her prize with
an electronic elbow, which tests the tempera-
ture of a baby’s bath water.

Nicola Hay also won “The Texas Instruments Prize” for the most commercially viable project, whilst Richard Coull of Harris A¢ademy
in Dundee won the “Mercury Planet Award” for the project displaying the most environmental and socially aware technology with his
ioniser to cut carbon exhaust emissions from cars. The awards, organised by the YEDA Trust, were presented by HRH The Duke of York

at the Science Museurn recently.

NEW SOLAR PANELS

A warning at the end of Maplin’s press release about two
new solar glanels reads “The kit does not come complete
with sunlight” — what a pity. At £39.95 and £59.95 each
the sunlight would have been very cheap.

Designed for charg-
ing sealed lead  acid
batteries, a blocking
diode is built into the
circuit to prevent the
reverse flow of cur-
rent from the battery
during poor light-
ing conditions. Four
hooks are provided on
the back of the panels
for easy mounting
and 2m of connecting
cable with medium
size crocodile clips are
included.

Each panel is laminated in special resin with an
ultra violet inhibited poly-carbonate surface. They are epoxy sealed
into an aluminium frame, to withstand the rigors of weather.

The panels can be connected together either in parallel or series
to increase the current of voltage output. The smaller version
produces an output current of 250mA approx. and can be con-
figured to produce two outputs of 6V at 250mA each, by removing
a link on the back of the panel. The larger panel produces 12V at
500mA approx.

Maplin Electronics P.O. Box 3, Rayleigh, Essex §S6 8LR.
Tel. 0702 552911. Fax 0702 553935.
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Trade in Technology

If you manufacture machines for the production or
processing of goods or materials, agriculture or food,
either for domestic, industrial or commercial use or can
offer designs, know-how or training for the manufac-
ture or processing of specific items, free assistance can
be provided to link you with enterprises in developing
countries.

Over the past two years the United Nations Industrial
Development Organisation (UNIDO) in co-operation with
The Technology Exchange Ltd, a UK voluntary organisation
promoting the international transfer of technology, have
established a series of Techmart events in the developing
countries. Venues to date include Beijing, China, Bulawayo in
Zimbabwe and New Delhi in India.

Before each event The Technology Exchange Ltd compile an
indexed catalogue of end products, materials and processes for
which western firms can supply machines, training, designs and
formulations or know-how either under licence, by way of a
joint venture partnership or by direct contact or sale.

These catalogues are printed by UNIDO and circulated via
all the UNIDO national organisations to enterprises seeking
technology from abroad and they are indexed by product name
to help firms to contact the appropriate source of supply or
technical assistance.

Catalogues are now being prepared to cover Techmart events
in Tunisia and India. Followed later by Brazil, Costa Rica,
Mexico, Vietnam and Zambia. For further information and
submission forms contact: The Technology Exchange Ltd.,
Wrest Park, Silsoe, Bedford MK45 4HS, England. Phone
(0)525 860333. Fax: (0)525 860664.
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CALL FOR NEW COPYRIGHT LEGISLATION

In 1981 Richard Branson made the front
page of the music press with the news
that his company, Virgin, had developed
a product which allowed music to be
electronically delivered direct to stereo
systems in-the home. That was a suc-
cessful April Fool's hoax — 12 years on,
it's no longer a joke.

In his address to the WIPO Worldwide
Symposium on the Impact of Digital Tech-
nology on Copyright and Neighbouring
Rights, Nic Garnett, IFPI's (International
Federation of the Phonographic Industry)
Director General, warned of the poten-
tial dangers facing the muslc industry, of
failing to anticipate the changes brought
about by rapid advances in technology.

“Digital cable audio systems are al-
ready in operation and have the capacity
to broadcast the entire worldwide inven-
tory of phonograms available on CD, in
under six months. It is likely that the
transmission of CD quality sound via

electronic delivery will not only have
some impact on retail sales but also lead
to an escalation in the level of private
home copying, at least in the short term
At present, there is no existing regime (in
respect of communication to the public),
to secure the phonogram producers’
interests in the case of electronic
delivery.”

Nic Garnett went on to say, “This is
more than a debate about the level of
remuneration — copyright legislation lies
at the heart of the modern phonographic
industry. Approrpiate legislation which
carries the exclusive right to authorise
or prohibit the reproduction of a
phanogram is fundamental to the

continuous functioining of the industry.

Laws tend to change more slowly than
people’'s behaviour and in the case of
electronic delivery, such a delay could
prove fatal to the music industry as
presently constituted.”

THE THINGS PEOPLE PATENT]

The following abstracts are taken from recent UK patent applications in
the general electrical/electronics area. British Patent Specifications can be
ordered from the Patent Office, Sales Branch, Unit 6, Nine Mile Point,
Cwmfelinfach, Cross Keys, Newport, Gwent, NP1 7HZ.

Vehicular lighting device
In UK patent 225112 PIAA Corp. des-
cribe an optical bulb (1) for use in a lamp
of a motor vehicle. It comprises a main
fitament (3), and a sub-main filament
(4). A multi-layer film (8) is coated over a
glass tube at the portion corresponding
to the sub-main filament for transmitting
yellow light.

When driving at night and meeting a
motor vehicle coming from the opposite
direction, the sub-main filament is heated
and produces yellow light which will not
dazzle the driver of an oncoming vehicle.

Rechargeable battery

incorporating memory

In UK patent 221515 Technophone Ltd.
describe a rechargeable battery for port-
able electronic apparatus such as a cel-
lular telephone. It comprises a hous-
ing enclosing one or more recharge-
able cells and a memory, such as an
EEPROM, for storing information such as
the voltage/current characteristics of the
battery and/or the number of previous
recharge cycles.

This information is indicative of the
condition of the cells and can then be
used to select a charging programme best
suited to the prevailing condition of the

battery, and hence optimise the logevity
and performance of the battery. His-
toric information is thus always avail-
able whenever the batfery is changed so
that the most appropriate charging pro-
gramme can be selected taking into ac-
count the full history.

Electrical switches

In UK patent 2251517 The BOC Group
plc describe an electrical switch actuated
by means of a pressure differential ex-
erted across a diaphragm consisting of a
planar sheet of meterial, supported along
its periphery (12). It has an unsupported
central area (13) and a series of radial
elongated indentations (14) to cause the
central portion to adopt a first position
and rapidly move to a second position
with a predetermined differential across
the diaphragm. 174

The invention is particularly useful in
conjunction with a positive action (or
positive break) switch, i.e. one in which
the switch is closed and capable of pass-
ing current when in an unoperated posi-
tion.

A deliberate cut, for example opening a
guard, is necessary positively to depress
the switch actuator to reverse this condi-
tion and open the circuit. With the inven-
tion, the snap-acting diaphragm opens
the circuit. Preferably the diaphragm is
supported across a passageway ofr nozzle
which is assoicated with a switch and
which is arranged for communication
with a pressure or vacuum vessel. In such
cases, the pressure of the vessel acts on
one side of the diaphragm and ambient
pressure acts on the other side of the
diaphragm.
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FLUKE

FLUKE instruments have a high reputa-
tion for quality and reliability within the
electronics industry. They have recently
announced a new range of three Series
10 instruments.

All the family offers a.c. and d.c. volts,
ohms, diode test, continuity bleeper, easy
to read 4,000 count digital display,
autoranging and sleep mode to preserve
battery life.

Model 10 is the ‘‘no frills”’, lowest cost
model. Model 11 has the addition of
VChek and Capacitance with auto or
manual ranging from 0-001uF to 999uF
and to 9,999uF. Model 12 (shown) com-
bines all the features of the other two
plus: Min/Max Record with a Relative
Time Clock to take readings over a 100
hours period without the operator, and
Continuity Capture which collects inter-
mittent opens and shorts as brief as
250u8S.

The Model 10 unit costs £48.95 plus VAT.
For more information contact Alpha Elec-
tronics PLC, Units 5 & 6, Linstock Trading
Estate, Wigan Road, Atherton, Greater
Manchester M29 0QA. Telephone: 0942
873434, Facsimile: 0942 873558,

IMAGE RECORDERS

TWO new computer image recorders
from Polaroid offer an easy way of
turning computer images from your
computer screen into professional quality
35mm presentations.

The CI-3000S and CI-5000S operate with
virtually all IBM compatible personal
computers and the CI-5000S is also
compatible with Apple Macintosh |,
Quadra and Sun Workstation computers.
Polaroid (UK) Ltd., Freepost, Ashley Rd.,
St. Albans, Herts AL15YZ.
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New Technology

His month there is a range of ideas to
T give a wide flavour of some of the
latest happenings in the field of tech-
nology. Diamonds are being used in a
variety of areas to prove their worth.
New super high power computers are
also appearing as some of the latest tech-
nology is put to practical and commer-
cial use. In addition to this we will look
at a new silicon led. and a method
for reducing the susceptibility of i.c.s to
static damage.

Everyone naturally thinks of diamonds
as being very expensive. This fact will be
confirmed by anyone who has bought
some diamond jewellery. Despite this
there are occasions when diamonds can
actually be used to reduce costs.

One area where this has happened is
in a specialised microwave i.c. applica-
tion. Microwave circuits need high cur-
rent to enable them to operate at the re-
quired frequencies. This entails dissipat-
ing large amounts of heat. Dissipation is
normally not too much of a problem for
discrete components, as the components
are spaced over a wide area. In i.c.s the
component density is very much higher
and removing the heat from such a small
area can present a very real difficulty.

In one particular i.c. it was necessary to
dissipate just over ten watts of power.
As the circuit ran too hot when used
with aluminium oxide, the normal sub-
stance used for the removal of heat, other
methods had to be sought. One solution
entailed splitting the i.c. up into a number
of smaller circuits which could have their
heat removed more easily. This was not
very satisfactory because it degraded the
performance and increased the produc-
tion costs.

Another solution involved drilling
holes in the substrate so that the high
power components could be mounted
directly onto a specialised heatsink. Not
only was this very costly, but it led to
fractures in the substrate.

The solution which was finally adopted
involved the use of chemical vapour
deposition on diamond. This technique
has previously only been used in the
production of laser diodes. Owing to the
fact that the thermal conductivity of
diamond is about fifty times that of
aluminium oxide the heat is efficiently
removed from the substrate.

Although the diamond itself is expensive,
the cost of the overall device is reduced be-
cause it simplified the production, reducing
the number of operations required. In addi-
tion to this it enabled the i.c. to run without
becoming excessively hot.
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Smaller
Supercomputers

As technology advances it is becoming
possible to place ever more powerful com-
puters into smaller spaces. It was not that
long ago that the DEC PDP11 represented a
major advance in technology. Now after
several years they have been left far behind.
In fact some of today’s supercomputers are
approaching the size of the old PDPII
computers.

In a recent development, Silicon Graphics
of California have produced a 64 bit CMOS
processor. This new processor allows a
computer to operate with up to 18 way
processing and enables supercomputers to
be designed into reasonable sized cabinets.
The new processor operates at extreme
speeds, giving a throughput of 300M flops.
It can execute up to six instructions every
clock cycle.

The basic system architecture allows for
up to 36 processors together giving a com-
puting power of 6G flops. However current
systems only use up to 18 processors. The
larger of the two systems currently on offer
can use between 2 and 18, whereas a smaller
system uses between 2 and 6.

One of the major problems encountered
during the design occurred in the data hand-
ling. With the enormous processing speeds
-available it was necessary to be able to trans-
fer vast amounts of data very quickly and to
have access to very large memories. This
problem has been overcome by the use of a
256 bit wide bus implementation for data
transfer. There is also a 40 bit address which
enables it to address up to a terabyte of
data. In this way transfer speeds of several
gigabytes per second can be attained.

Silicon L.EDS

Light emitting diodes are very common
in today’s electronics. However they are all
based around gallium arsenide. This is ex-
pensive in manufacture and obviously great
precautions have to be taken with handling
the chemicals used in the processing - for
obvious reasons. As a result many people
are investigating the possibility of using a
silicon based process. One idea for this was
outlined in New Technology Update in the
November 1992 issue.

Another idea based on a silicon-ger-
manium material is beginning to come to
fruition. Researchers at Tokyo University
working in conjunction with Hitachi have
succeeded in developing a diode structure.
Initially it would only emit light at very low
temperatures but now the diode structure
has been improved so that it will operate at
room temperature.

The diode consist of three pairs of very
thin alternate layers of silicon and silicon-

lan Poole reports on developments in i.c.s, super
compulters, l.e.d.s and static sensitivity.

germanium. In turn these are placed be-
tween a “p” and an “n” type silicon layer.
Finally electrodes are placed on these outer
‘two layers to enable the electrical connec-
tions to be made.

Getting the structure to operate at room
temperature has not been easy. However
the basis of the improvement has been at-
tributed to an increase in the amount of
germanium in the silicon-germanium layer
and the addition of a trace of boron to the
silicon layer.

Eventually it is hoped that the diodes will
be used as laser diodes, but the day when
everyday le.d.s are based around silicon
technology might not be too far away.

Static Sensitivity

Electro-static discharge or ESD has long
been a cause for concern with electronic
devices. The effect was brought to the notice
of everyone when MOS devices were first
introduced. Many people can testify to these
problems first hand with a pile of dead
devices to show for it.

As the problem became widespread,
manufacturers started to place protection
diodes within the devices. These precautions
were largely successful, but even so care was
still needed. Even today manufacturers still
have special antistatic areas for working on
thesei.c.s.

Naturally a large amount of research has
been put into investigating the effects as-
sociated with ESD and semiconductors in
general. From this work there is a growing
school of thought which indicates that any
semiconductor device should be treated as if
it was static sensitive. Even bipolar tran-
sistors are not immune. Whilst they may
not fail immediately, it has been shown that
their long term reliability can be impaired.

With this background, many people are
working to make all types of semiconduc-
tor devices more immune to the effects of
static. In one such investigation engineers
at Texas Instruments have discovered that
MOS devices are less likely to suffer static
damage if the gates have a fingered struc-
ture. Their findings show that a 16 finger
0-6um device failed when the voltage on the
gate rose to 13kV. This represented a con-
siderable increase in immunity over existing
devices.

The key to the success of this method
has been attributed to the fact that these
techniques give a far more uniform poten-
tial gradient than more conventionai layouts
within a device. However as static voltages
can rise to exceedingly large values, static
precautions will still be needed, although the
new designs are less likely to suffer either the
short term or long term effects. This will help
increase the reliability of electronic equip-
ment still further.
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Low cost data acquisition for IBM PCs & compatibles...

A unique range of low cost data acquisition products for IBM PCs and compatibles. Installed in
seconds they simply plug directly into either the serial or parallel port. They are completely self
contained, require no external power supply and take up no expansion slots.

Each device comes with an easy to use software package (PicoScope, PicoLog orboth). C, Pascal,
and Basic drivers are supplied for those who wantto develop their own software, as isamanual giving
full details of the hardware and software. All software supplied on 3.5" disk.

Upto24kHz sarnplm rate from
ADC-10 a886/33MHz machlrgme

0-5V Inputrange

BNC input connector allows
use of standard scope probes

30V overload protection
Parallelport connection
Includes PicoScope software

ADC-'] 15Ksamplespersecond
0-2.5V Input range

‘f\\\ Digital output
D25 input connector

Parallelpont connection
Includes both PicoScope and

PicoLogsoftware
11 Channel 10 bit ADC £75

ADC 12 Up to 18kHz sampling rate
0-5V Input range

. BNC input connector allows
-, use of standard scope probes

30V overload protection
Parallel port connection
Includes both PicoScope and
PicolLog software

Singe hannel 12 bit ADC ‘ £85

Typical application - ADC-11

PICOLOQ

Software selectable single
ended or differential inputs

Resolution programmable
between 8 and 16 bits + sign

+2.5Vinputrange

5V reference output
Connects to serial port
Includes PicolLog software

8 Channel 16 bit + sign ADC £99

Virtual instrument' software
packageforthe ADC-10, ADC-

11and ADC-12.

Storage oscilloscope with
trigger andtimebase. Traces

. | can be printed and saved.

Scope, voltmeter,
spectrumanalyser

Advancod data

logging software

Oscilloscope

Voiltmeter

Spectrumanalyser

Audio sampling

Chartrecorder emulation

Temperature measurement

Pressure measurement

Chromatography

Automotive monitoring

Medical research

Education

E Pico Technology Ltd. Broadway House, 149 -151 St Neots Road, Hardwick, Cambridge. CB3 7QJ.

Mutiple meters onscreen. Real
time spectrumanalysis.

Collectsamples from 1 permsto
one per day. Scale samples

| linearly, by equation orbytable
'Iook-up. Graphical (against

time or XY) andtext reports can
be displayed, printed or
exported.

Picolog is also available for the
ADC-10: callfor details.

PICOBENEFITS

@ 30 day no quibble
money back policy

@ Full 1 yearguarantee

@ 1year's free software
upgrades

@ Freetechnical support
@ Freeusernewsletter
@ Sameday dispatch

TEL: 0954-21 1 71 6 FAX' 0954-21 1 880
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constructional Project -

STEREO SUPPLY _:‘g

I.R. de VAUX BALBIRNIE ———— "

Green power for your
personal stereo or radio.
Put the sun to good use.

HIS solar power supply unit was
I designed in response to a request
from a reader who is also a personal
stereo enthusiast. With regular use per-
sonal stereos tend to be expensive on
replacement batteries. The reader sug-
gested the use of solar power instead and
this project provides just that.

VIABLE SYSTEM

Experiments show that using solar cells
for this purpose is indeed possible. In tests
carried out on sunny days during the
British summer there was found to be
sufficient power available to operate a
personal stereo using a fairly small (10cm
x| 2cm approximately) solar cell array.

However, this alone does not make a
viable system and, in practice, it is neces-
sary to include a pair of nickel-cadmium
rechargeable cells and a simple control cir-
cuit. This is because conditions need to be
ideal to operate the stereo direct. Also,
some units may need more current than the
solar cells are likely to supply.

Nickel-cadmium cells accumulate charge
while the personal stereo is not being used
so that the energy is available for use later.
They also “fill in’* when clouds obscure the
sun, or at any other time when the light
is not bright enough to provide the full
operating current. For this reason, the user
will be encouraged to leave the unit in
bright light when it is not being used.

Depending on the type of solar cells,
even on a dull day, a charge rate of some
15mA to 20mA may be expected. Under
bright conditions it may exceed 100mA.,

Although the Solar Personal Stereo
Supply is really intended for static use -
when sitting on the beach, for example — it
may be possible to use it while walking or
jogging if the unit is attached to the top of a
backpack. This will depend to some extent
on the choice of solar cells and this point
will be explained in more detail later. Note
that, for safety reasons, it is not recom-
mended to use a personal stereo while
cycling or operating machinery.

Although the initial outlay in construct-
ing this unit seems fairly high (see Shop
Talk) costs are soon recovered especially
when the stereo is used for several hours a
day.
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ARRAY OF
SUNSHINE

The prototype Solar Personal Stereo
Supply was built in a sloping-front (desk
console-type) plastic box. The shape of this
helps to direct the solar panel sensitive
surface towards the sun. Since the price of
the box represents a high proportion of the
total cost, however it would be possible to
use a cheaper one and provide a strut - or
simply use a few books — to aim the panel
correctly.

The box contains the two nickel-cad-
mium cells in a holder and the control
circuit. There is also space inside for a set
of conventional cells. These are optional
but will be found convenient to operate the

stereo if ever the nickel-cadmium ones are
completely discharged. These are larger
than cells normally fitted in a “Walkman™
so will be more economical in use.

A milliammeter may be mounted on the
box to monitor the solar cell output cur-
rent. Although adding to the cost, it is fun
to provide one of these and it helps to aim
the panel for maximum efficiency. Readers
who decide not to use the meter may reduce
the size of the box accordingly. If a meter is
not fitted it would be helpful, although not
essential, to have a multitester available at
the setting-up stage.

A socket is mounted on the front panel
of the box and this is used to connect the
unit to the power-in socket on the per-
sonal stereo. It seems usual for a Walkman
to have a miniature (1-3mm) power-type
socket fitted for an external d.c. supply to
be used. However, some stereos do not
have one so here it would be necessary to
connect the unit using a set of dummy
batteries. Details for this method are given
later.




With ample space inside the case, it
is appropriate to use somewhat larger
rechargeable cells (“‘C™ size) rather than
the “AA™ size usually fitted in a personal
stereo. These can store about three times
the energy and will provide around ten
hours of operation. A further point is that
these larger cells will not be damaged by
overcharging even if bright light shines on
the solar panel continuously.

SUITABILITY

The Solar Personal Stereo Supply is
suitable for use with personal stereos and
small radios requiring a 3V input i.e. that
usually provided by two standard -5V
cells and, preferably, requiring no more
than 100mA to 150mA. It is not suitable for
devices needing a higher voliage e.g. 45V or
6V, so check the number of cells before
beginning construction work.

the final prototype unit. They are also
much cheaper (a total of £8 compared
with £15 for the individual ones.) Also,
wiring-up the amorphous cells involves
very little work, whereas interconnecting
the individual ones is time consuming.
However, the individual cells are much
more robust and appear to be weather-
proof (although this has not been tested).

By contrast, the amorphous panels are
formed on a glass substrate which is easily
broken. If the user needs a unit to attach to
a back-pack while jogging or walking then
obviously the individual cells will be neces-
sary or in any case where the amorphous
type could be broken. It is really a case of
“‘you pays your money and you takes your
choice.”

Whichever type of solar cell is used. the
current output rating must not be taken
too seriously. This is stated under ideal
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COMPONENTS

Semiconductors
D1 BZX61 3-6V 1-3W see
Zener diode L1 /7
D2 1A Schottky barrier :
diode (or 1N4001
silicon diode) TA LK

see text Page

Miscellaneous
PL1/SKI 2-1mm power type plug and
matching chassis socket

PL2 1-3mm power type plug (or
to suit stereo set)

B1 “C" size 1600mAh
nickel-cadmium cells
(2 off)

B2 "'C"" size alkaline cells (2 off)

if required. See text

ME1 Milliammeter with 100mA
f.s.d. (see text) face size
46 x 60mm approx

FS1 500mA 20mm fuse and
chassis fuseholder

S1 Miniature s.p.d.t. rocker or

toggle switch

Solar panel: either 2 off 1:87V 153mA
amorphous silicon solar panels or 10 off
G200 0-45V 200mA solar cells — see text

Sloping-front case size, 215mm x
130mm x 78mm (max height) 47mm
(min height) or as required — see text;
cell holders for two “C" size batteries (2
off or 1 off if B2 is not used); tag strip -
3 tags required; light-duty twin wire;
stranded wire; dummy AA cells (if
required) solder, etc.

Fig. 1. Circurit diagram for the Solar Personal Stereo Supply.

Before ordering components, it would be
a good idea to confirm that the stereo unit
will work from two nickel-cadmium cells —
that is, from a 24V supply. The nominal
output of this type of cell is only 1-2V
rather than the 1-5V of a standard alkaline
one. However, in use, the terminal voltage
of a conventional cell will fall to some 1-:2V
or less before it needs to be discarded. This
means that, in practice, the stereo will have
been designed to work down to a much
lower voltage.

Tests were carried out using' three dif-
ferent stereos and all worked correctly
down to 2-0V. Below this, the speed sud-
denly falls and the music becomes impos-
sible to listen to. Check operation using
two “AA” size nickel-cadmium cells (which
could perhaps be borrowed and charged
usir.c a conventional charger). If the unit
operates satisfactorily, then it will work
with this circuit.

OVER-RATED

Two types of solar cell array were tested
in this system. Both were found suitable
and gave good results but there are ad-
vantages and disadvantages with each. The
first panel was made using ten individual
solar cells described as having a 0-45V
200mA output. This made a panel 18cm x
11cm approximately. The second trial used
two amorphous silicon panels described as
1-87V 153mA solar cells (see Shop Talk).
These made an array 10cm x 12 cm.

The amorphous panels gave better over-
all performance and these were chosen for

conditions. Also, in this type of circuit,
the maximum output current will not be
realized anyway.

CIRCUIT
DESCRIPTION

The circuit for the Solar Personal Sterco
Supply is shown in Fig. 1. Diode D2,
prevents current flowing back through the
solar cells from the back-up batteries when
the solar panel output voltage is low — i.e.
in dim light. An ordinary silicon diode
could be used here but it would introduce a
voltage drop of 0-7V approximately and
this is rather a lot in a circuit where “‘every
little counts”. The specified Schottky bar-
rier diode is a little more expensive and is
not stocked by all suppliers. On the other
hand, it has the advantage of introducing a
lower voltage drop, resulting in a slightly
higher output current.

From diode, D2, current flows via
milliammeter, MEI, to the Ni-Cad battery
pack and to the Ni-Cad/Alkaline selector
switch, S1. When Ni-Cad (N) is selected,
current can flow via fuse, FSI, to the
output socket, SK!Il, from the solar
panel and/or the nickel-cadmium cells. If
Alkaline (A) is selected, the solar cells still
charge the nickel-cadmium pack but
current for the stereo is now provided by
the conventional cells.

If the alkaline reserve battery supply is
not needed, it can be omitted together with
the selector switch. Fuse FSI is then con-
nected direct to the Ni-Cad battery posi-
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£20 to £31

see'text

tive terminal. If the meter is not fitted, it is
simply by-passed.

VOLTAGE
REGULATION

Voltage regulation is provided chiefly by
the Ni-Cad batteries themselves. Solar cells
have a high internal resistance — that is, the
resistance of the material used in their
construction. However, the resistance of
nickel-cadmium cells is very low. The effect
of this is that the output voltage “locks” to
that of the back-up cells and will remain so
even when these are fully charged.

Should the back-up supply become dis-
connected for any reason while the solar
panel is in bright sunlight, it would be
possible for the voltage at SK1 to rise
above 4V. To prevent any possible damage,
Zener diode D1, having a breakdown volt-
age of 3-6V, prevents the voltage output
rising to much more than 3V (this takes
into account the voltage drop across diode
D2). A Zener diode is always used in
conjunction with a series resistor but here
this resistor is the internal resistance of the
solar cells themselves.

Fuse, FSI, is included because nickel-
cadmium batteries can deliver very high
currents and hence cause damage when
short-circuited. This could happen by acci-
dent if the connections touched inside one
of the connecting plugs, for example.

The milliammeter used in the prototype
unit was scaled 0 to 100mA and this was
found to be sufficient. If the full scale
deflection is ever exceeded it will not cause
damage. However, if a meter having a
full-scale deflection of 200mA or 250maA is
available this could be used instead.

It would also be possible to use a shunt
resistor (a resistor connected directly
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across the meter terminals) to increase the
full-scale deflection. The resistance of a
typical 0 to 100mA meter is 0-8 ohm. By
using a shunt of the same value (two 15
ohm resistors connected in parallel would
do), the meter would read up to 200mA.

CONSTRUCTION

In the prototype unit, everything was
mounted on the lid of the box since this
method simplifies construction and mini-
mises strain on the connecting wires (Fig.
2). Begin by drilling holes for the solar cell
wires to pass through. Drill holes also for
battery holders, tag strip, fuseholder and
output socket mounting. Make a hole for
the switch and the meter (if used).

To make the meter hole, drill a circle of
small holes and join these together using a
hacksaw blade. The edge may then be filed
smooth. Mount these components noting
that it is the centre tag (tag 2) which secures
the tag strip to the:metal lid.

Refer to Fig. 2 and solder the two diodes
into position on the tag strip as indicated
taking care over their polarity. Remember,
D! is a Zener diode and, as such, is used
in reverse bias with the band on the body
(cathode, k, end) connected to the positive
of the supply —i.e. tag 3.

Pass the solar cell connecting wires
through the holes drilled for the purpose.
Sleeve them at the point of entry — or use
rubber grommets — to prevent the pos-
sibility of them being cut by the rough edge
of the hole and mount the panels using ten
adhesive fixing pads (one in each corner
and one in the centre of each).

If individual cells are being used, they
will need to be mounted on a thin plastic or
hardboard insulating panel which will re-
place the existing aluminium one. They are
then connected in series as shown in Fig. 3.

Refer again to Fig. 2 and.complete
the interwiring. When using amorphous
panels, these are connected in series as
shown in Fig. 4. Note the connection
between the positive wire of one solar panel
and the negative of the other one. This is
sleeved to prevent short-circuits. Note also
that tag 2 must be wired to the terminal of
SK1 which is connected to the metal body
(if applicable).

Take care when soldering to tag 2 since
this is a meeting place for several wires. If
the meter is not used, it is by-passed. If the
alkaline batteries and changeover switch
are not included, the wire leading from tag
| (via the meter if used) is connected to
FS1. The positive connection from the
nickel-cadmium battery pack is connected
to FS1 also. The switch is labelled N
(nickel-cadmium) and A (alkaline). It does
not matter in which sense the outer connec-
tions are made but the common (centre)
one must be connected to the fuseholder.

CONNECTION

Make up the personal stereo connecting
lead. This may be of any reasonable length.

Use light-duty stranded twin wire with a
1-3mm plug soldered to one end (or as ap-
propriate to the socket on the stereo unit)
and a 2-1lmm plug on the other. It is essen-
tial to observe the polarity of the personal
stereo so check this point carefully — there
is often a diagram inscribed on the plastic
body next to the socket.

If there is no such d.c. connecting socket,
it will be necessary to use a pair of “AA”
size dummy batteries instead. Their real use
is as shorting links — they therefore have
their ends interconnected. The first job is
to cut through the link wire and remove
a section (see photograph). Wires are then
soldered to the positive connection of one
and the negative of the other. The pair of

HOLE IN Ly FROM SOLAR
PANEL { I » PANEL ON
= OTHER SIDE

rfr-l-k.—.—.;ﬁ‘]*i.:—rD

MEY =

| [

_E:T 2

81

SK1

NICAD CELLS

ALKALINE CELLS

HOLE IN

FROM SOLAR PANEL
ON OTHER SIDE

Fig. 2. Interwiring between components. Tag 2 is also used for bolting the strip on

the metal panel.

Layout of components on the rear of the metal “id’ of the case.
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Making up two dummy “cells” for units without d.c. sockets.

“cells” may then be inserted into the battery compartment in the
same way as conventional ones. It will be necessary to carefully file
a smali piece off the corner of the battery cover to allow the wire to
pass through

(above right) Individual solar cells.

TESTING AND
OPERATION

TAG 3 TAG 2

WIRES CONNECTED
TOGETHER AND SLEEVED

If a multitester is being used for testing
purposes, set this to milliamps d.c. If a
meter is not available, then operation will
simply have to be taken on trust. Note that
the **Walkman™ does not need to be con-
| nected during this test.

Disconnect the connecting wire from tag

| for the moment. Connect the positive

multitester probe to tag ! and the negative

one to the free wire. Check the charging

current with bright light shining on the

solar panel. This could be 100mA or so in

SOLAR |

SOLAR

PANEL

direct sunlight.

PANEL

If no current is indicated and the light

is bright enough, suspect a wiring error or

that one of the diodes has been connected

the wrong way round in the circuit. If all is

well and with testing complete, re-connect

the wire to tag 1. The unit may then be put

T0 TAG 2

INDIVIDUAL SOLAR CELLS
CONNECTED IN SERIES

on a period of trial.

¥ The switch could be labelled A/kaline and
Nickel-Cadmium. However, whether or not
using labels, make sure you know which
switch position is which — if necessary,
remove one of the cells to check whether or
not the stereo works on that setting.

TO TAG 3

Fig. 3. Wiring individual cells in series. panels in series.

Fig. 4. Method of wiring amorphous

You will always be “wired for sound™
with the Solar Personal Stereo Supply, let’s
hope it is a sunny summer!
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Regular Clinic

C/RCUIT

SURGERY

MIKE TOOLEY B.A. >;€

3 vﬁl’_n]_mtmﬁ. -
* Fal wuat!ﬁ :

Welcome to Circuit Surgery, our regular clinic which deals with readers’ problems. This month’s
Surgery will be of particular interest to radio enthusiasts as it contains a number of simple but
useful circuits which can be used for aligning and calibrating receivers and testing aerials.

Crystal maze
Steve Mason asks:

“How is it that a quartz crystal can have
two resonant frequencies when ordinary
tuned circuits only have one?”’

In order to understand this, Steve, you
need to be aware of the equivalent circuit of a
quartz crystal (see Fig. 1). At first sight this
circuit may look a little complex however it

R Cs

Fig. 1. Equivalent circuit for a quartz
crystal.

is important to realise that the crystal ex-
hibits both series and parallel capacitance.
The result is that the component can
be regarded as either a series tuned cir-
cuit (L and C; in series) or as a parallel
tuned circuit (L in parallel with the effective
series capacitance of C; and Cp). The mode
of operation (i.e. either series or parallel)
will be dictated by the external circuitry.
The impedance-frequency characteristic for
a typical quartz crystal is shown in Fig.
2 (note the series and parallel resonant

points).

IMPEDANCE
|
|
R |
. [ e
{
|
|
[ FREQUENCY
I
SERIES PARALLEL
RESONANT RESONANT
FREQUENCY FREQUENCY

Crystal oscillator circuits are designed
either to promote oscillation with the crystal
operating in series mode (in which case the
crystal will exhibit a very low impedance) or
in parallel mode (in which case the crys-
tal will exhibit a very high impedance).
The manufacturer will suggest which mode
is recommended for a particular crystal
depending upon the method of construction
and type of “cut”.

Happily there is, in fact, little difference in
the series and parallel resonant frequency of
a crystal (only a few hundred Hertz for
a typical medium frequency crystal). Fur-
thermore, this difference can usually be
“trimmed out™ by means of series or parallel
capacitance (a timmer of 50pF, or so, will
normally be perfectly adequate).

Whilst on the subject of quartz crystals, it
is worth mentioning that these components
can be used as the basis of a very accurate
signal source for calibrating radio receivers
or r.f. test equipment. This rather neatly
brings me to a letter from short-wave en-
thusiast, Martin Holmes:

“I need a means of calibrating the scale of
an ex-military h.f. receiver. Can this be done
using only one crystal or will I need several

frequencies that he requires can simply be
harmonic *markers” derived from the same
source {e.g. a |MHz source will produce
harmonics at 2MHz, 3MHz, 4MHz, and so
on).

A reliable crystal calibrator circuit which I
have used over the frequency range 100kHz
to 10MHz, with component value changes
indicated in Table 1, is shown in Fig. 3. An
alternative oscillator circuit (for low-fre-
quency crystals) is shown in Fig. 4. This
circuit is recommended for use below
4MHz.

Crystals for use in calibrator circuits can
be purchased from a number of com-
ponent suppliers. As an example, Maplin
can supply crystals at 1MHz, 2MHz,
2:5MHz, 5MHz and 10MHz (though it
is worth noting that crystals designed
for “microprocessor use™ are significantly
cheaper than those designed for use as
“frequency standards™).

The signals produced by the circuits

Table 1

Resistor Frequency range
100kHz-2MHz 2MHz-10MHz

(e.g. IMHz, 2MHz, etc)"” R2 2k2 4k7

Fortunately, Martin only needs one R3 4k7 1k

(reasonably accurate) crystal. The other R4 470 220
ON/OFF

1k

J
S
TR3 l "' cs
2N3819 OOr\ 10p
a
-
+

T

81
6v

T

IOn
VR1 SK1
Tk OUTPUT

" % SEE TEXT

///

Fig. 2. Impedance-frequency charac-
teristic for a quartz crystal.
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Fig. 3. General purpose crystal oscillator circuit. Values for components marked

with an asterisk are given in Table 1.
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shown in Figs. 3 and 4 are reasonably pure
and, although harmonics may be present at
low levels, they may be too smalt to provide
“markers” for calibrating receivers over the
full h.f. spectrum. In such cases, a simple
squaring circuit (see Fig. 5) can be used. This
circuit produces a signal which is rich in
harmonics .(harmonics of a 100kHz input
signal will be detected at well over 30MHz
onan “‘average” h.f. receiver!).

T0
TR2
GATE

U
:-'7LC|LN

Fig. 5. Harmonic generator circuit.

Simple R.F. Noise Bridge

I recently overheard a conversation be-
tween two “Novice” radio amateurs. The
main topic of the conversation was how it
was that a coaxial cable which appeared to
have infinite resistance when measured with
an ohmmeter could have an impedance of 50
ohm.

One Novice had used his digital multi-
meter to carry out resistance measurements
on two aenals. He was greatly surprised to
find that one antenna measured virtually
short-circuit whilst the other appeared to
be open-circuit even though both aerials
seemed to work quite well!

The reason for this apparent anomaly, of
course, is simply that d.c. measurements of
resistance bear little relationship to the im-
pedance measured at radio frequency. To
put the record straight, the rated impedance
of a coaxial cable (often 50 or 75 ohm) is
the impedance which would be “seen™ if
one was to “look” into an infinite length of
the cable. The impedance is directly propor-
tional to the square root of the ratio of
inductance to capacitance.

Most coaxial cables designed for radio fre-
quency use have an impedance of either 50
ohm or 75 ohm (the latter is commonly used
for TV and f.m. radio aerial feeders). Better
quality cables tend to have lower loss and
higher power handling capacity.

In order to minimise power loss and
preserve a near-unity voltage standing wave
ratio (VSWR), aenials and their feeders are
usually “matched” (note that the impedance
of an aenal depends upon how it is con-
nected to the feeder). Aerials for com-
munications and amateur radio applications
are generally designed for use with a 50 ohm
feeder (the impedance seen “looking into”
the aenal is thus 50 ohm, regardless of the
length of the feeder cable).

When I later met the two Novice
operators, I suggested that they might like to
check the impedance of their aerials using
the simple *“Noise Bridge” shown in Fig. 6.
This simple yet effective circuit can be used
to provide a rapid check of r.f. impedances
between five ohms and 1-5 kilohms (in two
ranges). The circuit operates reliably over
the frequency range 150kHz to 1SOMHz but
care should be exercised in its construction if
v.h.f. performance is to be maintained.

The noise bridge is excited by means of
a wideband square-wave source (ICla to
IClc). This simple arrangement provides
anti-phase outputs at a p.r.f. of about 1kHz
which will appear as a “broadband” signal
when connected to a receiver. To simplify

X1 [ e }
100 kHz- LMHZ *T*

1
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Fig. 4. Low-frequency crystal oscillator.

operation, VR] should be fitted with a
pointer knob and a large scale that can
be calibrated using a handful of (known)
carbon resistors (e.g. 10 ohm, 33 ohm, 47
ohm, 56 ohm, 68 ohm, etc).

The receiver (used as a *“null detector™)
should be connected to SK2 by means of a
short length of matched (50 ohm) coaxial
cable whilst the aerial on-test should be
connected to SK1 via a length of matched
coaxial feeder cable (note that the outer
screen connections of SKI and SK2 are
“commoned”). VRI1 should be adjusted
(with S2 set in both range positions) until a
null is detected (this should be quite sharp).
The aerial impedance can then be read from
the scale fitted to VR 1.

It is important to note that the receiver
should be an am. or ss.b. type as fm.
receivers are not suitable for use in this
application wunless fitted with a signal-
strength meter. If the receiver has a
switchable automatic gain control (a.v.c. or
a.g.c.) this should be switched off and the
manual r.f. gain control adjusted to produce
a satisfactory audio level or signal-strength
indication.

Next month: We return to the low-fre-
quency world with some useful information
for would-be digital designers. In the mean-
time, if you have any comments or sug-
gestions for inclusion in Circuit Surgery,
please drop me a line at: Faculty of Tech-
nology, Brooklands College, Heath Road,
Weybridge, Surrey, KT13 8TT. Please note
that 1 cannot undertake to reply to in-
dividual queries, however I will do my
best to answer all questions from readers
through the medium of this column.

R.F. Noise Bridge

Resistors
R1 1k
R2 560
R3 100
R4 1k
All 0-25W 5%
Potentiometer
VR1 1k carbon lin.
Capacitors
C1 1y axial elect. 63V
Cc2 10u radial elect. 16V
C3 100n polyester
C4,C5 100p polystyrene (2 off)

Semiconductors
1C1 74LS14 Hex Schmitt trigger
inverter

Miscellaneous
SK1,SK2 50 ohm panel mounting
BNC socket (2 off)

S1,82  SPST miniature toggle

switch (2 off)

Battery holder (to accept 4 x 1-5V
AA-cells); Large pointer knob; 14-pin
low-profile d.il. socket; Small metal
or ABS enclosure (approx. 118mm x
98mm x 45mm);Small piece of matrix
board (approx. 100mm x 70mm); Ter-
minal pins (4 required).

Approx cost

guidance only
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RANGE 1, Z25Q4-1500
RANGE 2, Z+500-1+5k01

Fig. 6. Complete circuit of the R.F. Noise Bridge.
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We investigate one of the most
important developments ever in the
electronics industry. Surface mount
technology has many advantages

OOK into any piece of consumer

electronics equipment today and it is

packed full of minute electronics
devices. Electronics has come a long way
since the days of the first transistors and
today’s equipment demonstrates it. To
achieve this, manufacturing techniques
have also progressed a long way.

Producing any equipment economically
these days means that very high levels of
automation are needed. Labour costs are
far too high, and the equipment is much
too complicated for hand assembly tech-
niques to be used for all but a very few
specialised components.

COMPONENTS

One of the keys to the success of today’s
mass production techniques is surface
mount technology (S.M.T.). Along with this
a whole new range of devices has been
introduced. These surface mount devices or
S.M.D.s were first introduced in the early
1980s. Initially only few manufacturers
used them. Now most volume production
throughout the world uses them, and con-
ventional components are being used less.

The new technology was developed be-
cause it was found that conventional com-
ponents were not easy to place and insert
into the boards automatically. A very high
degree of accuracy was needed to be able to
accomplish this. First of al! the leads had to
be accurately spaced. 1.C.s for example had
to have their leads bent slightly to ensure the
correct spacing across the body of the chip.

Passive components like resistors had to
have their leads pre-formed or bent round so
that they would fit. All of this was time
consuming and costly. In addition to this the
automatic machines were continually stop-
ping because components were difficult to
handle and fit.

These difficulties meant that many opera-
tions had to be performed by hand. This
added large amounts to the cost of a
product. It is normally recognised that
labour is one of the largest costs in any
product.
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AUTOMATIC

To overcome these problems surface
mount devices were introduced. As the
name implies the components are not
mounted through holes in the board.
Instead they are placed directly onto the
surface of the board, where there are
suitably placed copper pads for the
connections, then soldered in place. Be-
cause these components do not need leads
to be fed through holes in the board they
are much easier to place onto the board
automatically.

As a resuit of this revolution a whole new
range of components has been developed.
Everything from resistors and capacitors
through to the most complicated i.c.s are
now all available in surface mount for-
mats. In fact some of the new and highly
specialised i.c.s are now not being intro-
duced in the conventional formats.

CAPACITORS

Passive devices like resistors and
capacitors are some of the simplest devices.
They consist simply of the basic
component itself with no leads. Instead at
either ends there are metallised areas which
act as the contact for soldering.

Most of the capacitors which are used
are ceramic types. Their internal construc-
tion is very similar to the conventional
leaded types. There are alternate layers of
dielectric and plates as shown in Fig. 1.

The end cap is of particular importance.
In early types the cap was made of silver
palladium. This was not easy to solder as
the metallisation could be “*leached™ away
by the solder if the heat was kept on for
too long. This would destroy the conduc-
tivity of the connection, rendering the com-
ponent useless. To overcome this problem
a nickel barrier was added into the cap as
shown. This greatly reduced the problem,
although it is still not advisable to leave the
device heated for too long.

These ceramic devices are available in a
very wide range of values from as little
as Ip right up to around Ou5. For larger

values tantajum types are generally used.
Aluminium electrolytics are seldom seen
because they do not withstand the high
temperafures which can be applied directly
to the components.

RESISTORS

Resistors look reasonably similar to the
capacitors although it is easy to distinguish
between them. They are constructed using
thick film technology. A resistive paste
is placed onto a ceramic base. This is
protected by a glass layer. Finally a con-
ductive cap is applied. Fortunately these
caps are much less prone to the leaching
problem than the capacitors, even the
nickel barrier ones.

The resistors and capacitors are available
in various standard sizes. Numbers like
1206, 0805 etc are some examples of the
codes used to describe the package size.
Fortunately these figures have a meaning.
The first two digits indicate the nominal
length in hundreds of an inch and the
second two give its width.

The 1206 size (3-2 x 1-6mm) was the most
common for resistors a few years ago,

END CAPS BOOY OF THE CAPACITOR

{a) EXTERNAL VIEW

CAPACITOR PLATES

OR ELECTRODES DIELECTRIC
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Fig. 1. Construction of & surface
mount capacitor.
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Fig. 2. A typical surface mount transis-
tor or diode.

but now 0805 components (2:0 X 1-25mm)
are more widely used. However, even
smaller components with an 0603 package
(1-6 x 0-8mm) are now available and it is
very likely these will become the standard
in the years tocome.

MARKINGS

One of the problems which arises out of
the size and construction of these com-
ponents is the way in which they are
marked. Capacitors are not marked at all!
If they are left loose on the bench then the
only way to identify them is to measure
their value with a capacitance meter. Nor-
mally this is not too much of a problem if
they are kept in their packaging until they
are needed.

Fortunately most surface mount resistors
do have their values marked, even though
the print is very small. Actual figures are
used although the same system as used with
ordinary resistors is employed, i.e. the two
first figures represent the significant figures
and the third gives the multiplier. Thus a
resistor marked 472 would have a value of
4k7.

TRANSISTORS
AND DIODES

Semiconductors have not been immune
from this revolution. New packages have
appeared for transistors and diodes and
like their passive counterparts the new surs
face mount components are much smaller
than the older conventional ones.

For most general purpose transistors
and diodes a package style known as a
S023 has been adopted. This is possibly
the equivalent of the TO18 can for con-
ventional transistors. However, the sur-
face mount package is very much smaller
measuring only 3 x 1-4 X Imm.

Unlike capacitors and resistors where an
area of metallisation on the edge of the
package is used for the connections, these
devices actually have wires. As shown in
Fig. 2 the leads are bent so that they lay flat
onto the surface of the board.

Diodes also use this package. Whilst the
third lead is not used as a connection it
serves to indicate the polarity of the device.
This is vital because the packages are so
small that any marking like the ring show-
ing the cathode of a conventional diode
would not be easily visible.

The SO23 package is the most common
one for transistors and diodes, but it is not
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Fig. 3. A gull-wing i.c. package.

the only one. Other packages are widely
used for more specialised devices or those
which need to dissipate significant amounts
of power. As an example the SOT223
package style is able to handle dissipations
of up to two watts.

INTEGRATED
CIRCUITS

Integrated circuits (i.c.s) have their own
set of new packages. There are two major
styles which have developed and they are
characterised by the type of leads they
have.

The first type is known as a “gull-wing”
as shown in Fig. 3. The package has leads
very similar to the transistors and diodes
and the name is derived from the similarity
of the leads to a gull's wing. All the popular
ranges of logic i.c.s are available in this
form.

The actual outline of the body of the i.c.
is very similar to that of the conventional
equivalents, but somewhat smaller. Even
the pin spacmg is reduced. On the more
common i.c.s it is reduced from 0-1 inches
used for conventional styles to 0-05 inches.

Some of the more complex i.c.s have
leads on all sides as shown in Fig. 4. These
packages known as “‘quad flat-packs”™ can
often have more than 200 leads, and with
this number of connections the pin spacing
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Fig. 4. Top view of a quad flat-pack i.c.

has to be reduced. Typically the spacing
may be as little as 0.02 inches (20 thou).
This means that the leads are very fragile
and the i.c.s have to be handled with care.
If the leads get bent they are not easy to
straighten out properly.

The other style of package has a *J”
lead. As one might imagine from the des-
cription the leads are in the form of a *J"
as shown in Fig. 5.

For general applications gull wing
devices seem to be preferred by manufac-
turers. The joints are more visible. Also the
soldered joints can be made more easily
and reliably, and rework is easier when an
i.c. needs to be replaced. However *J* lead
devices take up less board space, and this
can be a great advantage when board space
is at a premium. In addition to this they
can be used in conjunction with a socket,
This is a very valuable attribute when
systems are being developed.

Initially the device which might be an
EPROM can be placed in a socket. When
full production is reached and the design
and software are stable the device can be
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Various surface mount components.
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This tape can be either
plastic or card and has
an indentation or hole
for each component. To
prevent the components
falling out of the tape there
is a thin transparent retain-
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top as shown jn Fig. 6.
1.C:s are also sold in the

tape and reel format. How-
ever the minimum quantity

Fig. 6. A component tape, a plastic film covers the com-
ponent and is removed as they are required for place-

ment by the pick and place machine.

soldered directly to the board with no lay-
out modifications.

Apart from the components which have
already been described, most types of com-
ponent are now available in surface mount
packages. Everything from chokes, coils
and coil formers to crystals and switches.
These components are generally smaller
than their conventional counterparts ena-
bling circuits to be made even smaller and
have far more functionality packed into the
same space.

PLACING THE
COMPONENTS

To place the components onto the
printed circuit boards very sophisticated
“pick and place™ machines are used. These
machines can be very expensive in view of
their complexity, often costing upwards of
£100,000. They pick the individual com-
ponents up and place them down on the
board in the correct place and with the
correct orientation.

To enable the machines to operate the
components have to be held in special
packing. They cannot be held loose like
normal components because the machine
would not be able to handle them.

Small components like resistors and
capacitors are supplied in what is called a
tape and reel format. The reels holding
these components come in a variety of
sizes. Generally they are either 7 or 13
inches in diameter and a quarter of an inch
wide. Larger widths are often used when
larger components are needed, although
the maximum width is normaily around
three quarters of an inch.

it is possible to buy like
this is usually 1,000 and
this may be too great for
many lower volume ap-
plications. In cases like
these it is possible to use
components in tubes.

Whilst pick and place machines can
handle tubes without any problem, they
hold far fewer components and will need
changing more often. This means that the
pick and place machines will stop for
re-loading more often and this will reduce
their efficiency. In view of this tubes are not
used for high volume items.

The reels and tapes are mounted into
special feeders before they are placed onto
the pick and place machine. These feeders
can be slotted into place on the machine
quite easily. In addition it is also an easy
job to remove them or exchange them for
another one if necessary.

Apart from enabling the components to
be mounted onto the machine the feeder
also prepares the component so that it can
be easily picked up by the machine. In the
case of a tape the feeder accurately moves
along as each component is removed, by
means of a sprocketed wheel which engages
with holes in the side of the tape. It also
pulls off the protective cover revealing the
next component.

For i.c.s or components which use tubes
the feeder assembly is somewhat different.
A “ski” slope type of feeder is used. In this
the tube is angled so that the i.c.s run down
the tube. Only one i.c. is allowed out of
the tube onto the feeder itself ready to be
placed. When this i.c. has been removed the
next one will appear.

BOARD LOCATION

As might be imagined the boards have
to be loaded into the machine very ac-
curately otherwise the components will be

A wave soldering machine.
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misaligned. To achieve this an accurately
machined plate called a platen is used. This
acts as an adaptor between the machine’s
conveyor system and the board itself.

The board is placed on the platen and
accurately aligned using some precisely
positioned locating pins which line up with
some tooling holes in the board. In addi-
tion to aligning the board the platen which
is generally flat also gives support to
prevent any bowing or movement of the
board whilst components are being placed.

Sometimes hollows have to be machined
into the platen if components are already
in place on the underside of the board.
This occurs when components are mounted
on both sides of the board — a situation
that is happening more often these days
because boards are becoming smaller and
more complicated.

SOFTWARE

Once the components are all ready and
the board is on its platen the component
placement is ready to begin. To do this the
machine uses a specially prepared pro-
gramme which tells it exactly where to
place each component and which way
round to place it.

Originally programs were written
manually, and could take several days for
the more complicated boards. Fortunately
if the board has been designed using a
computer aided design system (CAD) it is
possible to use the computer output to
generate the program. This can reduce the
time for placement program preparation to
a few hours.

In order to operate these machines use a
vacuum. The pick up head moves to the
correct place to pick a component. Sucking
up the component it then moves over to the
board, possibly turning to get the orien-
tation of the component correct. Having
done this it places the component down on
the board in the correct position.

This placement has to be very accurate.
Looking inside any of today’s PCs will
reveal a plethora of i.c.s with very fine
pitches. Some of them have leads spaced at
intervals of 20 thou or sometimes even less.
This means that today’s machines have to
cope with these tolerances or less if they are
to be able to keep up with developments at
the rate they are occurring.

Using such machines many hundreds of
components can be placed each hour. This
makes them much faster and more accurate
than any human operator. Despite their
large cost, they are the only cost effective
way of placing components onto a board.
Today’s boards can easily have upwards
of a thousand components on them. This
would be a mammoth task if it had to be
done all by hand.

SOLDERING

Once all the components have been
placed onto the board, the next stage is
soldering. There are a number of ways of
doing this, each has-its own advantages.

One of the most established methods of
soldering for mass production is called
wave soldering. It is given this name be-
cause the board passes over a “wave” of
solder.

The diagram of a typical wave soldering
machine is shown in Fig. 7. The boards are
first clipped into a conveyor to transport
them through the various stages of the sol-
dering process.

Once the board is clipped in place it is
first passed over a wave of flux to ensure

Everyday with Practical Electronics, July 1993



FLUX WAVE

MAIN FLUX
RESERVOIR

FLUX TOBE PUMPED BACK INTO
THE MAIN RESERVOIR & REUSED

T
@ ) TOP VIEW
= oy =
Zz| ——==I|=8| |&
=l L
Q 1 e T D )~ convevor
FLUX WAVE / SOLDER WAVE
HEATER ELEMENTS
Fig. 7. A “wave " soldering COVEYOR
machine shown in basic form.
BOARD CLIPS

BOARD IN THE
SYSTEM

e

HEATER ELEMENTS

—————SOLOER WAVE

\muu SOLDER

RESERVOIR

SOLDER TO BE PUMPED
BACK INTO THE MAIN
RESERVOIR & REUSED

it is properly cleaned. The wave is gener-
ated by ensuring that the flux flows over
one edge of its container as shown in Fig. 7.
The movement of the flux in this way en-
sures that the whole surface of the board
is cleaned and excessive amounts are not
retained on the board afterwards.

After cleaning, the board is passed over
some heating elements. These are required
to bring the components up to temperature
steadily. In this way any thermal shock
caused by the hot solder is minimised. This
is particularly important for surface mount
components which will be on the underside
of the board and directly exposed to the
molten solder. Conventional leaded com-
ponents, however, are on the top surface
and less vulnerable.

GLUEDIN PLACE

For anyone wondering how the surface
mount components stay on the board,
they are usually fixed by a small spot of
glue applied to the board by the pick and
place machine before the component is
put down. When all the components are
placed the board is heated to cure the
glue.

Once heated the board is ready for sol-
dering. A wave of solder similar to the flux
is used. For soldering conventional leaded
components only a single wave is used. As
the board moves along, the solder hits the
underside of the board and the components
are soldered in place.

For surface mounted components it is
found that large components like i.c.s will
tend to *‘shadow” some of the connections
on the trailing side of the component. To
reduce this effect the board is first passed
over what is often called a *‘chip” wave.
This wave is much higher and reduces the
shadowing effect.

Whilst wave soldering has been used for
many years and has been particularly suc-
cessful for conventional components, it
does have some drawbacks for surface
mount components. In the first instance
there is the shadowing already mentioned.
This is overcome to a large degree by the
chip wave.

Another problem with wave soldering is
that there is a risk of solder bridges be-
tween pins, especially on the i.c.s with very

small spacing between the pins. Fortunat-
ley it is possible to reduce the problems.
Simply adopting the correct standards for
the p.c.b. layout greatly helps. I.C.s should
be orientated the correct way round, and
component pads should be a little larger
than those required for other methods of
soldering.

INFRA-RED
REFLOW

Whilst wave soldering can be made to
give reasonable results in many cases,
other methods designed specifically for
surface mount technology can give more
reliable results. Of these a method known
as infra-red reflow is becoming increas-
ingly popular and is now used as standard
by many manufacturers. As the name
implies this method of soldering uses
infra-red heating to heat the board and
melt the solder.

When using this method it is necessary
to use a solder paste. This is put onto the
board prior to the component placement,
and it is only needed on the component
pads. To accomplish this a special screen
is needed. This screen is placed onto the

board and it allows solder paste to be
forced through the screen only onto the
required areas. In view of its nature a
different screen is required for each dif-
ferent board. However if a large quantity
of the boards are to be made the cost of
the screen becomes very small.

Once the solder has been applied the
surface mount components can be added
in the normal way. In fact the solder paste
has the added advantage that it helps keep
the components in position after they
have been placed. Whilst it does not hold
them as firmly as glue, it is quite sufficient
if the board is to be transferred straight to
the solder machine.

The infra-red reflow machine has a con-
veyor belt passing through it. Boards are
placed on the belt and then exposed to
several stages of heating. By doing this
the board can be brought up to the final
temperature for soldering steadily without
any thermal shock.

Generally there are three stages of
preheating and then a final stage where
the components are actually soldered.
Careful setting up is required to ensure
the correct temperature profile is attained.
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Fig. 8. Basis of an infra-red reflow soldering machine.
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EASY FAST & POWERFUL

CAD SOFTWARE THAT GIVES

| SIS - SCHEMATIC CAPTURE

Easy to use yet extremely
powerful schematic entry system
with all the features you need to
create input for ARES or other
CAD software. Now available in a
super-fast 32 bit version capable
of handling huge designs even on
AO-szed sheets.

1 AT

Graphical User Interface gives
exceptional ease of use - two mouse
clicks will place & route a wire
Automatic wire routing, dot
placement, label generation

2D drawing capability with symbol
library

Comprehensive device libraries
Heterogeneous devices (e.g. relay
and coil) allowed in different places
on the schematic

Special support for connector pins
put each pin just where you want it.
Output to printers, plotters,
Postscript

Export designs to DTP and WP
packages.

Netlist formats for most popular PCB
& simulation software

Bill of Materials and Electrical Rules
Check reports.

Multi-sheet and hierarchical design
support.

Automatic annotation/packaging

s ASCIl data import database facility

from

£275
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ARES - PCB DESIGN

Advanced netlist based PCB
layout software newly updated
to version 2.5. Major new
teatures include SMT library,
real time snap (for those tricky
SMT spacings), thermal relief
power planes and enhanced
autorouting

Graphical User Interface

Real time snap

Auto track necking

Curved, 45/90 or any angle tracks
Extensive through hole and SMT
package libraries as standard

2D drawing capabitity with symbol
library

Connectivity highlight

Output to printers, plotters,
Postscript, Gerber and NC drill
Gerber View facility

Graphics export for DTP etc
Advanced netlist management with
forward design modification
Component renumber and
back-annotate to ISIS.

Full physical and electrical design
rule checks.

Autorouter handles single, double or
multi-layer boards,

Power plane generator with reliefs.
Strategy & DRC information
loadable from ISIS

Gerber import utility available

from
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YOU THE EDGE

ISIS ILLUSTRATOR

Schematic capture for MS
Windows 3.1 - produces high
quality schematics like you see
in the magazines with your
choice of line thicknesses, fill
styles, fonts, colours etc. Once
entered, drawings can be
copied to most Windows
software through the clipboard.

New version 2 includes
netlisting, bill of materials,
hierarchy, and much more.
An ideal front end for
Windows Simulation and
PCB design.

new low prices from

'CADPAK - BUDGET PRICE CAD

ISIS

Two
SUPERSKETCH and PCB Il -
for the price of one.

programs -

CADPAK has everything you
need to produce circuit
diagrams and PCBs on your
PC and is exceptionally easy
to use

V=

superb value at only

£79
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Call us today on 0274 542868 or

fax 0274 481078 for a demo pack.
Combination, multi-copy and educatonal
ascourts available. Prices exc P&P and VAT.

14 Marriner's Drive, Bradford, BD9 4JT.



Review

BARCODE BATTLES

BREAK-OUT

ALAN WINSTANLEY

Alan tries the very latest in
mind teasing handheld games

machines

oy giants Tomy are set to enter
I the fiercely-contested handheld 1.c.d.
games market this summer with the
UK. launch of the “Barcode Battler”
machine. Already a cult in Japan, the
Barcode Battler (subtitled “‘Commerce
Conflict) uses common-or-garden bar-
codes to boost players’ points ratings. The
unit has a built-in swipe card reader that is
capable of reading ordinary barcodes
found on groceries, magazines and other
consumer goods.

WwWiZARD

Barcode Battler has a strategic theme of
wizards and warriors, whose characteris-
tics are programmed into the machine
by scanning in various barcodes. Thus,
players can increase their ‘‘energy”, at-
tack and defence ratings if they can
find suitable barcodes which impart these
much-prized qualities.

A pack of barcode cards is supplied,
representing an assortment of characters,
weapons and other game essentials. The
unit requests various classes of card to
be swiped, so that players can deter-
mine how they wish their characters to
be “tweaked™. It also calls for further
card swipes during longer games. Battles
consist of the computer setting off one
player against the other, displaying hit
points and damage based on the contest-
ant’s various strengths and weaknesses as
derived from their barcodes.

NOODLE POWER

However it's possible to create one’s
own codes by Sellotaping suitable barcodes
(snipped from some groceries, for example)
onto blank swipe cards (supplied). Only by
actually trying the barcode can you dis-
cover whether it has any points value.
Apparently the sales of a particular brand
of noodle suddenly rocketed in Japan, as
players rushed to arm themselves with the
ultimate barcode!

This market has so far been dominated
in the UK. by the Nintendo Game Boy
and Sega’s Game Gear colour machine.
There has been widespread concern
recently about the cost of the game
cartridges, which can be anything from
£25 upwards. Cartridges for TV consoles
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can typically cost £40 to £65 - games
recorded on compact disc are looming
round the corner with the introduction of
the Sega Mega CD unit — and of course
there’s the inevitable peer pressure to buy
the latest game chip.

FREE
"SOFTWARE*

No such cartridges are needed for Bar-
code Battler. The *‘software™ is in ef-
fect contained in freely-available barcodes,
which takes the heat out of coughing up for
the latest games cart. New codes mean new
points ratings which can give a valuable
advantage to the game player. Such bar-
codes themselves might form an electronic
“conker”, where one player’s barcode is
played off against another.

The display itself contains mainly digital
information about each player’s points
ratings, and although the action shown on
the lc.d. display is a little limited, the
player’s imagination is left to run riot as
the machine pitches one player against the
opponent, with a repertoire of bleeping
sound effects and flashing l.e.d.’s. It looks
like healthy fun.

I managed to get hold of one of the

pre-launch models. Barcode Battler is bat-
tery-operated and alkaline (or recharge-
able) cells are recommended. There is no
mains adaptor socket. It’s possible to have
either one or two player modes: in the
former, you are pitted against the machine
which picks the codes of any one of 120
“internal” opponents. There's also a Game
Save mode so that long adventures can be
played out.

TECHNOLOGY

The machine uses a flat-pack chip which
is custom-made by NEC, and a liquid-
crystal display that has tinted zones as a
backdrop. Sound comes from an effec-
tive internal piezo transducer, although
no earphone socket is fitted. Five small
light-emitting diodes flash in sequence on
the front to add interest and the numerical
information is clearly visible on the l.c.d.

The barcode swipe unit is an infra-
red reflective sensor mounted on another
p.cb. and barcodes are simply drawn
through the slot and past the sensor. I had
no problems at all with the scanning
of barcodes, though sometimes the unit
won’t accept a barcode if it represents an
“illegal” number; the only way to find
out is to try it, which adds to the fun
value. From experience I know that bar-
codes that are protected by a reflective
transparent finish can be impossible to
scan, but again there were no problems
using sellotaped barcodes as the bars pass
directly over the sensor. It seems a very
reliable arrangement.




NEW TWIST

Barcode Battler undoubtedly adds a
completely new twist to the hand-held L.c.d.
games market. It doesn't fuel a demand for
expensive games cartridges but instead the
game-play relies on the players’ imagina-
tion. Added to which, there is a limitless
supply of software available in every
supermarket, so the race will be on to find
that certain product whose barcode yields
indestructible magical powers!

1t reaches Britain this month and will be
keenly priced at £40 or so — the price of
many console games cartridges alone. Ex-
pect it to be a hot contender for the num-
ber one slot at Christmas time. For fur-
ther details and price information, contact
the Tomy Customer Careline number 0703
876627.

Next month we will take a look at bar-
codes in general and explain what they
mean and how they are being used in a
variety of ingenious ways.

SHOP

Micro Lab (Teach-in ‘93)

If you want to exploit the full potential of the
Micro Labit is most important that only the spec-
ified components are used throughout this excit-
ing project. The Micro Lab is an ambitious project
for more advanced readers rather than absolute
beginners and will appeal to anyone wanting a
versatile fully programmable design either for
educational use or dedicated to a particular
application.

Yo help constructors, we are pleased to
announce that two companies have agreed to
produce complete kits for the Micro Lab and are
selling these for £149.95 per kit; which in view
of the complexity of the project seems a
very reasonable price. The two companies
are: Greenweld Electronic Components,
27D Park Roa\d, Southampton, Hants SO1
3TB and Magenta Electronics, 135 Hunter
Street, Burton-on-Trent, Staffs DE14 2ST.
Magenta also offer a built and tested version.

Anyone who can solder neatly should
genuinely be able to tackle the project with a
high probability of success. Some of the parts are
specialised but the Authors have ensured that
everything is available from the mainstream mail
order suppliers. It is critical that the correct parts
are used otherwise fault-finding - if necessary
may be nearly impossible, so consider the Parts
List closely. Check before buying and you should
have no problems at all, or better still why not
purchase a complete kit.

Taking the Parts List in order: the 2k2 DIL
Resistor array must be “"8-individual” types, simi-
lar to the type used in the Min/ Lab Digital Dis-
play. Ensure all capacitors are 5mm pitch to fit the
board neatly.

The light-emitting diodes and 7-segment dis-
play should be low-current types. The 6502 is a
cheap 1MHz type from RS (303-107). A faster
version (e.g. 3MHz) will also work.

Both the specially-programmed EPROM and
the PAL device are produced solely by Dytronics
and are supplied with the-Micro Lab p.c.b., from
the EPE PCB Service. The Micro Lab User
Manual” is also supplied with the board, and
contains usetul information.

The 256K SRAM (i.e. a 32kiloByte type) is
readily available from many sources e.g. RS
265-465. Chip manufacturers have their own
part numbers but they are all interchangeable.

The keyboard interface 1C4 is unusual and not
widely available. It's listed by Maplin (YH51F)
and Cricklewood. The VIA chip IC12 is also an
RS type, 631-424.

with David Barrington

Part numbers for the .connectors are: Con 1
Farnell 208-930, RS471-070, Maplin FJ16S;
Con 3 RS334-555: SK1, Sk2 Farnell 208-
747, RS471-238, Maplin FC86T. The keypad
switches are Farnell types (176-435, 176-443,
262-432) and were amongst the cheapest
available. The only other part to select with care
is the liquid crystal display. Shop around!
Greenweld list a cheap type (£6 plus P&P)
which has been tested and approved by the
Authors: type TLCM1621 (Greenweld Part No.
25483D).

Other types may also fit: generally, the 14-way
pin-outs of these types of |.c.d. are all compatible
but it’s the physical dimensions and layout which
needs to be checked. Whilst dimensions may be
the same, the pin-outs may be in a different posi-
tion and may not align with the Micro Lab board.

Xenon Strobe

Some of the components listed for the Xenon
Stroboscope may prove a little difficult to find
locally, but it is essential that only new com-
ponents be used in this project. Also, the power
ratings of the resistors and the vo/tage (i.e. work-
ing voltage) ratings of the capacitors must NOT
be lessthan specified.

The large polypropylene capacitor called up for
C2 is from Simens B32650 range and was pur-
chased from Electrovalue (fd 0784 433603
or 0671-432 4945), stock no. 502-2400 (2u2).

Any readers who have difficulty finding a
suitable xenon tube and “matching” trigger
transformer, will find the “strobe” flash tube and
the 4kV trigger transformer from Maplin are
made for this circuit. These were used in the
prototype and are coded FS78K (Xenon Strobe
Tube) and YQ63T (4kV Trigger Trans.).

The one watt carbon resistors should be avail-
able from most component suppliers. However,
the 100 ohm and 4:7 kilohm 3W and 10W
wirewound power resistors may be listed by
some advertisers as 4W and 11W types. Provided
the resistance values are correct higher wattage
types can be used. The resistors should be the
ones sealed in a “cement box” or ceramic.

The high voltage power MOSFET type |RF830
took some tracking down, but is currently listed
by Cricklewood (4 087 452 0167) and
Electromail (4 0536 405555). The metal tab
on the device used in the model was not isolated
and was “live” so should not be touched when
the power is on.

The mains transient suppressor was obtained
from Maplin (code HW13P), but should be
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available from most advertisers. Transistor opt-
isolator i.c.s are available generally and should
not cause any buying problems. This device is
included to ensure safety when using an external
trigger set-up and must not be omitted from the
circuit.

The metal case housing the strobe com-
ponents must be “earthed” by bolting the mains
Earth (E) lead, via a solder tag, to an area of bare
metal. The printed circuit board is also connected
directly to the mains supply and the unit should
not be run with the case open, exposing the
board. The printed circuit board Is available from
the £PE PCB Service, code EPE 843.

Personal Stereo Supply

We do not expect too many problems to
arise when constructors stock up for the So/ar
Personal Stereo Supply project. Most of our
component advertisers stock excellent ranges of
cases and should be able to offer one with a
sloping front panel.

The variation in the price we have quoted in
our components “price box” is dependent on
solar cells and more particularly the batteries
used and if a panel meter is included. The 60mm
x 46mm panel meter is the most popular size and
prices range from £6 to £10 each.

The specified Schotly barrier diode is not
stocked by all component suppliers, in fact, it
only appears to be stocked by Electromail,
code 657-117 (type SB130). You can, of course,
opt to use the 1N40O1 rectifier diode provided
you are prepared to accept the resulting sharp
decrease in performance.

Finally, this leaves the solar cells. If you decide
to use the individual cells type G200, these are
available from Marco Trading (@ 0930
232763) or Greenweld Electronic Com-
ponents (@ 0703 236363) for about £1.60
each. The amorphous panels, also used in the
prototype, were purchased from Bull Electrical
(9 0273 203500), code 4P155 and cost £4
each. Another company who specialise in solar
cell is Keysolar Systems, see Classifiedads.

Mind Machine MK 11
- Computer Interface
Nearly all the components needed to complete
the Mind Machine Mkil — Computer Interface
are standard items. However, the “micropower”
voltage regulator type LP2950CZ seems to be
only listed by Electromail, code 648-567.
When ordering remember to specify “low cur-
rent” types for the two l.e.d.s. The printed circuit
board for the interface is available from the £PE
PCB Service, code 833 (see page 517).

We do not expect any component buying
problems.to be encountered when ordering parts
for the Electronic Gong. An excellent range of
mains transformers are stocked by Jaytee Elec-
tronics Services (4 0227 375254) and they
will be able to recommend a suitable type. The
printed circuit board is available from the £PEF
PCB Service, code 835.
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NO AMSTRAD APPRAISAL

| have been following the notes
and correspondence on Amstrad’s fax
machines with great interest, because |
too have had some troubles and can add
quite a lot of background. 1 suspect it all
adds up to a good explanation of why
Amstrad is now in its much publicised
financial difficulty.

People who buy domestic audio and
video equipment may get angry if it goes
wrong, but their voice is seldom heard.
For many years Amstrad has made a
point of not providing this equipment for
magazine review. So it is seldom ap-
praised. The press are told when new
models are launched, but not when old
models disappear.

Amstrad is also cagey about supplying
computer gear to the press, | have many
times filled in the “‘request for loan” forms
which Amstrad gives the press when new
PCs are launched, but the only one |
ever got to try was the low cost port-
able which Amstrad obviously felt safer in
supplying. When [ specifically asked for
the loan of a satellite receiver (with MAC
decoder) | asked for help getting it to
work, but never got any before the loan
was very quickly called in.

In December 1989 Amstrad launched
the FX9600T fax machine. It broke new
ground with large memory store for num-
bers, Mercury button, and socket for
direct connection to the parallel printer
port of a PC. So the unit worked as a
photocopier or computer printer and sent
text direct from a PC.

It also worked as a scanner, reading
and memorising a signature for adding
to the end of PC-sourced text. Amstrad
also provided an output socket so that
the machine could scan documents for a
PC. Amstrad left it to third parties to sell
control software for this. But none did
because the machine soon disappeared
without ceremony.

| got to try the FX9600T because 1
planned to buy one as well as write about
it. | wanted to check it with Mercury, and
with a computer. It worked well, but only
after | had given up on the instruction
manual and found by trial and error that
the secret Mercury authorisation code
must be entered twice instead of once as
indicated in the instruction manual. | also
had to find by trial and error that an
unmentioned switch on the fax machine
must be set to “on line” before it will
accept text from a computer. This is not
what business users want from a manual.

Worse still, just as | was on the point of
paying to keep the machine, the LCD
screen suddenly displayed garbage. The
machine then locked up and refused to
operate. The only cure was to unplug
from the mains and remove the memory
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back-up batteries, to “cold start” the
machine. This did the trick, but lost all
stored numbers and codes that | had
spent half a day entering.

Amstrad later said they traced the fault
to static electricity generated by some
brands of paper on the plastic sheet
feeder. The fix, said Amstrad, was an
anti-static strip to be provided on the
feeder tray in all future machines. | never
saw any modification. | did not believe
the excuse then, and | do not believe it
now. | just counted myself lucky that I
had not yet paid for it.

LAST TRY

Last year, | decided to give Amstrad
one more try, buying the ubiquitous
FX-6000AT when my local Rymans was
offering it on a good deal. The answer
machine speech level is too low and the
paper cutter soon failed, so it went back
for repair. After repair, the paper cutter still
did not work. Then the machine started
giving error messages when it received
more than a few lines of black. The
LCD said it was “overheating’’ and the
instruction book told me to “remove
the machine from direct sunlight”, even
though it was mid-winter.

After quite a few phone calls, during
which | had to describe the fault to a
succession of different people, an en-
gineer arrived believing that he had come
to repair a different fault seen on another
machine, over-heating of the mains
transformer. On test the machine refused
to over-heat on black and the engineer
explained that there was no adjustment
he could make anyway.

At this stage | called it a day and just
have to hope that people do not send me
faxes with too much black in them. [ shall
keep the FX-6000AT until it expires, then
junk it and buy a fax from someone other
than Amstrad. The bottom line is that |
would rather spend a bit more and have
less hassle.

| suspect a lot of other businesses now
feel exactly the same way. And Amstrad
will find that although it was easy to win
a healthy share of the business market,
with low cost PCs, it will be much harder,
verging on impossible, to win back the
share lost through tales of poor reliability.
When business equipment lets someone
down, whole company orders are lost
and the word spreads like wildfire.

For the record, | would not now buy
another fax that uses thermal paper. It is
expensive and fades, apart from being
horrid to write on. We shall soon be
seeing a revolution in plain paper faxes
which use bubble jet technology. Canon
has already launched a first model, and
lower cost units will follow. More on BJs
later.

PAY-PER-VIEW TAPING

Although | have no sympathy for
Amstrad’s problems, because they are
surely self-inflicted, | still have to hand it
to the company for coming up with clever
ideas, ahead of the game. A recent British
patent application (2 257 557) from
Amstrad tells an interesting story.

More and more satellite broadcasts are
now scrambled or encrypted, usually
using the Videocrypt system, and viewers
must pay a subscription to watch them. A
smartcard controls a decoder which
unscrambles the signal. But as more and
more channels scramble, and ask for a
subscription, viewers find they are paying
‘heavily for services they have not got time
to watch.

This is creating the right market climate
for “pay- per-view” TV. Videocrypt
decoders are aiready designed to “suck”
payment credits from a smartcard when
the viewer presses an "accept” button
to watch a selected programme. But
Amstrad has smartly spotted that video
recorders will not be able to tape PPV
programmes when viewers are out. The
video recorder can turn itself on under the
control of a timer, but there will be
no-one to press the accept button.

So Amstrad is patenting a video re-
corder for a combined satellite receiver,
decoder and video recorder with an extra
function in the timer. This lets the viewer
pre-programme the VCR to generate a
control signal which mimics the accept
command. So the VCR will switch it-
self on, start taping a PPV programme
and authorise the payment needed to un-
scrambile it. Neat.

MERCURY CODE
WARNING

Talking above about junking a fax
machine prompts an important warning.
Before junking any telephone or fax
machine, or even returning one for repair,
be sure to wipe clear the Mercury memory.

If you have a Mercury authorisation
number, to use the Mercury network for
long distance calls, then that number will
be good for any location in the same
phone code area, e.g. 071, 081, 061 etc.
The advantage of this is that it lets Mercury
subscribers use one authorisation number
on several lines, with different exchange
numbers, and at several locations. So the
same authorisation covers phone line, fax
line, home phone and office phone, with
all calls charged to a single bill.

The disadvantage is that if anyone else
gets hold of the authorisation number they
will often be able to use it to make calls on
your bill, from their phone. They can even
sell the number to any number of other
people. They will all then be able to make
calls at someone else’s expense.
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CATALOGUE
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The new enlarged Clrkl'f
Catalogue is ouf now!

32 more pages

New range of Kenwood ‘scopes

The latest scanning receivers and accessories
New section of low cost security products

Extended range of Velleman kits including: 250W 12Vdc
to 220Vac inverter, in-car amplifier power supply, 200
and 400W amplifiers, suppressed lamp dimmer, halogen
lamp dimmer, day/night thermostat and telephone
remote control unit

» New test equipment, includes: 2.3GHz bench frequency
counter, EPROM emulator/programmer, portable ‘scopes
and bench function generators

» Host of new components, including: compression
trimmers, variable capacitors, connectors, fuses, and
fuseholders, potentiometers, IC’s, soldering irons and
lead free solder

» Published 27th May 1993

» Available from most large newsagents
or directly from Cirkit

» Send for your
copy today!

vVvyvyy

CIRKIT DISTRIBUTION LTD

Park Lane - Broxbourne - Hertfordshire - EN10 7NQ
Telephone (0992) 444111 - Fax (0992) 464457
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Universal Programmer
and Tester ALLO3A by

HILO.

Complete programmingandtesting
system with a vast range of N
components including Eproms, *
Eeproms, Bproms, MPUs, PLDs et
TTLs (74 et 75), SRAM & DRAM.
This system, the result of six years
of developement, approved by l..‘.
makers such as Ti, NS & Atmel, 5
has been adopted in France by f&
companies such as Dassault,
Aérospatiale, SNCF France [t
Telecom. A simple high-speed PC
interface ensures complete DOS
accessibility of the system. Phone
Steve Walt to obtain a complete
specification by fax or by mail. Special introductory price for UK: £379 excl VAT.

E/EEPROM programmers by Hilo.

8 bit series 16k to 2M 16 bit series 16k to 8M

EPPO1A for 1 EPROM £107  SEP811EPROM +original  £143
EPPO4A for 4 EPROM £139  SEP84 4 EPROM + original  £183
EPPOSA for 8 EPROM £244  SEP88 8 EPROM + original  £301

Handy Tester by Hilo

Test of TTLs 74 series, CMOS series 40, 45 & RAMs 4164,256, 44256 &
411000, Uses 9v battery. Automatic TTL identification, LCD display 16
characters. Automatic battery off when unused. Price £72.
Professional EPROM erasers.

Equipped with security drawer and timer switch 240v. Standard model (Ref
AT-201a {10 Eproms 27256) £60. Large model (Ref ATE01/A) (60 Eproms)
£91.

HILO Eprom Emulator

Can be used as two 8 bit EPROM emulators or as one 16 bit emulator
-DOS shell enabling access during tests

-120ns access time

-Emulations ROM: 2764, 27128, 27256, 27512 (also In CMOS)

RAM: 6264, 62256

-Full page editor HEX & ASClI

Supplied with 8 bit PC interface, connecting cable and tulip EPROM
connectors,

converslon programmes for Intel, Motorola, Tektronix, T, Digital Research
formats, file splitter and shuffler. Price £157

Optionnal disassemblers for :

8748, 8751, 68HC11, 68H09, 8085 et Z80 £20 per unit

All prices exclusive of VAT at 18.6%. Invoiced exclusive of
VAT to companies suppling order form with European VAT
number. Other buyers please add 18.6% VAT,

Delivery by registered post - full VAT invoice and 1 year garantee included.
Please add £4 post and packing per order. Payment by cheque or by Visa.
Purchase orders from major corporations accepted.

For full information and documentation by fax or by post ask for Steve Watt,

FTC
4 Bd-Chastenet de Géry - 94800 Villejuif, France
[>  Tél{010331)47263530/46 786313
Fax: (010 33 1) 47 26 36 27
Monday to Friday ~ 8h30 - 12h00 / 13h00-17h00
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constructional Project

MIND MACHINE Mkl -

COMPUTER
INTERFACE

A4

ANDY FLIND

Part Three—

Let your computer help you to relax!
Build up a library of relaxation “tapes”
for the popular Mind Machine Mk
with this add-on interface

HE Mind Machine Mkl Binaural

I Signal Generator project of the April

issue has just one disadvantage, that of
boredom whilst making the tapes! The very
pure nature of the sound tends to emphasise
the usual “hiss”, “crackle” and *“pop” as-
sociated with re-recording, even with Dolby.

As the preferred format is a C60 tape
with the same program on each side, to
eliminate rewinding after use, the recording
process is tedious. An automatic recording
method was therefore sought, preferably
using an existing programmable device as a
controller. From pocket organisers to PC
computers, the world is full of “bleeping”
things which could be utilised.

At the outset, the top contender was a
Psion *““Series 3" pocket computer. Unfor-
tunately this particular toy is no longer
with the author, nor, alas, is it’s predeces-
sor, an LZ64 Organiser. However, a
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Sinclair Z88 is still around so this, with the
BBC “BASIC” programming language,
became the basis for the project.

SILENTDESIGN

The first design generated a control
voltage proportional

ing the audio altogether where this output is
available.

Construction and use of the interface is
fairly straightforward, although a computer
and some experience of programming is
necessary. The Binaural sequences are en-
tered as “Data”, and a program can be
written to offer a variety of them and run the
user’s choice by selecting from a “library™.

cIrRCUIT
DESCRIPTION

In the full circuit diagram, Fig. 1, the
audio section begins with the microphone

to the length of
“bleep” from the
computer. This was
later modified to the
length  of silence
between two bleeps,
because Sinclair’s

BASIC offers only
fixed-length bleeps. It
also improved im-
munity to external
noise and enabled
operation from an
RS232 port, bypass-
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input signal at JKI being presented to
capacitor Cl. A crystal microphone is used
for low cost and high output. The buffer
stage of transistors TR1 and TR2 provides
the necessary high matching impedance.

The signal then passes through sen-
sitivity control VRI1 to amplifier ICla,
which provides a voltage gain of about a
hundred. Capacitors Ct, C2 and C3 shape
the frequency response from a few hundred
Hertz (Hz) to about five kilohertz (kHz).
Resistors R4 and RS set the d.c. output
from ICla to two volts, upon which the
amplified audio signal is superimposed.

The reference voltage of the comparator
ICib is half a volt higher than the in-
put d.c. level so the output is normally
low, only going high when the superim-
posed audio exceeds one volt peak-to-peak.
This is indicated by the light emitting diode
(l.ed.) DI

The best immunity to external noise is
achieved when the sensitivity is just suf-
ficient to respond to the desired bleeps,
so pressing switch SI lowers sensitivity by
twenty per cent. The gain is adjusted to the
threshold of operation and Si is released,
leaving the circuit with the correct sen-
sitivity margin.

The comparator output is buffered and
inverted by IC2a. Capacitor C4 is dis-
charged immediately by diode D2 but
recharged through resistor R12, so a series
of pulses from 1C2a produces a steady low
voltage. Resistor R13 and capacitor CS
introduce a delay of about 100mS.

Much external interference is of the brief
“pops and bangs” variety and is rejected by

this delay. If the signal is of this nature,
diode D3 ensures a rapid reset. IC2b buff-
ers and inverts the output from CS, turning
on transistor TR3 through resistor R19.

DATA INPUT

The “Data” input at JK2 is through
capacitor C6. An a.c. signal applied here,
such as a serial ASCII character, will also
turn on transistor TR3. To simplify con-
nection the signal polarity is unimportant,
this being achieved as follows.

The junction of resistors R15 and R16 is
normally at half the supply voltage so the
input to 1C2d is low (less than half supply),
the resulting high output going to one in-
put of IC2c. The other input to IC2c is also
high, being greater than half the supply.

If the signal applied through capacitor
C6 goes high, the output of IC2d goes low,
causing the output of IC2c to go high. If it
goes low, the other input of IC2¢c goes
low so it’s output still goes high. Either
way IC2c output turns on transistor TR3
through resistor R18.

When TR3 is energised by an audio or
data signal, it discharges capacitor C7, nor-
mally kept charged by resistor R20. The
output at point “X” is therefore a “low”
pulse which lasts at least the fifty milli-
seconds recharging time.

When this point goes low, the output
of IC3b goes high, illuminating l.e.d. D4
to indicate a received signal. IC4 is a 14-
stage counter with an integral oscillator.
Six stages, numbers 4 to 9, are taken as
outputs. If an input has not been received
for some time, the next stage output, num-

Fig. 1. Complete circuit diagram for the Mind Machine Computer Interface.
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COMPONENTS

Resistors
R1, R2,
R13, R23,
R46

R12
R15, R16,
R22, R24,

R21

See

SHOP
TALK

Page

1M (5 off)
470
330k

220k (3 off)
ak7

470k (3 off)

10k (4 off)
120k

330

47k

R26 to R45100k (24 off)
560

All 0-6W 1% metal film.

Potentiometer

VR1

Capacitors
C1
C2,C11

C3

C4, C5, C6,
C7,C8,
Ci15,C18

Cc9
C10,C13
C12

Cl14

c17

10k rotary carbon, log.

2n2 polyester layer

22n polyester layer
(2 off)

220n polyester layer

100n polyester layer
(7 off)

470n polyester layer

10n polyester layer

1u polyester

10u radial elect., 50V

470y radial elect., 16V

Semiconductors

D1,D4

D2, D3,
D5 to D7

TR1, TR3,
TR4

TR2

IC1

1C2

IC3

IC4

IC5

1C6
IC7

Red low current l.e.d
(2 off)

1N4148 silicon signal
diode (5 off)

BC184L npn transistor

BC214L pnptransistor

LM358N dual op-amp.

4011BE CMOS quad
NAND gate

4093BE CMOS quad
Schmitt NAND gate

4060BE CMOS 14-stage
divider with internal
oscillator

401748BE CMOS Hex
latch

CA3130E op.amp.

LP2950CZ 5V positive
regulator, micropower
type

Miscellaneous

S2
JK1, JK2
JK3

81

Press-to-make,
momentary action,
switch

SPST on-off switch

3-5mm switched mono
jack socket and plug
(2 off)

Qutput socket 3-5mm
mono jack socket and

plug
9V PP3 battery, with
connectors

Printed circuit board available from
EPE PCB Service, code 833; 8-pin d.i.l.
socket (2 off); 14-pin d.i.l. socket (2
off), 16-pin d.i.l. socket (2 off); plastic
case to choice, see text; control knob;
connecting wire; solder etc.

Approx cost

guidance only

£23

excl. case
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ber 10, will have gone high and stopped
the oscillator through diode D7. Transistor
TR4 is. also turned on by this output to
prevent operation of the “CLK" input (pin
9) of the hex latch ICS.

When point *X” goes low and IC3a out-
put goes high, therefore, there will be no
change in the latch outputs. After the delay
of 100mS, set by resistor R22 and capacitor
C8, the output of IC3c goes low, taking
IC3d input low immediately via diode DS so
IC3d output goes high, resetting the counter.

When the input signal ceases resistor R23
and capacitor C9 delay removal of the
reset signal from IC4 for about half a
second, after which the oscillator runs and
the counter outputs commence their bi-
nary output sequence. If another input is
received before pin 15 of IC4 goes high, the
following sequence takes place.

The oscillator is stopped immediately via
diode D6. Simultaneously, a one milli-
second pulse from capacitor C10 to the
CLK input of ICS transfers the six outputs
of IC4 to the outputs of this chip. From
here they are converted to a d.c. voltage by
the “R-2R” network of resistors R28 to
R44. Resistor R45 adiusts the final output
level, sudden changes ure smoothed by R46
and C12, and IC6 buffers the output.

If a second input is not be received in
time, the oscillator continues until pin 15
goes high, and the circuit reverts to the
original state. The relatively long delay of
resistor R23 and capacitor C9 allows a
second input to be sent before the oscillator
starts, so an output of zero is possible.

The circuit is supplied by a PP3 battery
regulated to 5V by IC7, a “micropower”
regulator. This uses less power than a
78L0S and can operate with a smaller
voltage differential, saving on batteries.

VARIATIONS

Before proceeeding to construction, some
possible variations should be mentioned.
For instance, the power drain is small, so it
can operate from the 5V supply of as-
sociated equipment. If so, it is suggested that
capacitors C14 and CI15 are retained, but
IC7, Cl