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» PRICES INCLUDE V.A.T. »x PROMPT DELIVERIES *= FRIENDLY
SERVI « LARGE S A E. 280 STAMP FOR RR

BURGLAR ALARN IDEAL for Work-

Betier 10 be “Alarmed’ Ihen lernted shops, Factaries.
Thandar's tamous ‘Minder' Burglar Alarm System. ffices. Home,
Supenor mcrowave principle Suppled as three units, ete s u hed
complete  with interconnection cable. FuUtly pp

OVP POWER AMPLIFIER MODULES
p, PPW 2 MP 2 '.. Now enjoy 2

op repuianon for cuakiv. rehiablity and performance at a reaiistic price. Four models
' and Hi F1 eic When companng prices. NOTE 3il madels include Toroidal

€ 10 sus ihe needs of the protessional and hobby macket e Industry. Lessure,

Open and short crcurt proof — Supplied ready built and tested.
OMP100 Mk Il Bi-Poiar Qutput power 110
watts R.M S into 4 ohms, Frequency Res-
ponse 15Hz - 30KHz —3dB. THD 001%.
SNR. —118dB. Sens. for Max. output
500mV at 10K, Size 355 X 115 X 65mm
PRICE £33.99 - £3.00 P&P

OMP/MF100 Mas-Fet Output power 110
watls RM.S nto 4 ohms, Frequency Res
ponse tHz - 100KHz —3dB. Damping Factor
80. Slew Rate 45V -uS, THO Typical
0002%, Input Sensiuvity 500mV, S.N.R.

1254dB. Size 300 x 123 x 60mm. PRICE
PRICE £39.99 — £3.00 P&P.

OMP/MF200 Mos-Fet Quiput power 200
watts RM S into 4 ohms, Frequency Res
ponse 1Hz - 100KHz —3dB. Oamping Factor
250, Stew Rate 50V uS, THO Typical
0 001%, Input Sensitivity 500mV. SNR
—130dB. Size 300 « 150 = 100mm. PRICE
PRICE £62.99 — £3.50 P&P

OMP/MF300 Mos-Fet Qutput power 300
watts RM S into 4 ohms. Frequency Res-
ponse 1Hz - 100KHz ——3dB, Damping Factor
350. Slew Rate 60V uS. THD Typical
00008%. Input Sensitivity 500mV, SNR
—130dB, Swze 330 % 147 X\ 102mm PRICE
PRICE £79.99 - £4.50 P&P.

NOTE: Mos-Fets are suppiied as standard (100K Hz bandwidib & input Sensitvity S00mV) 1f required
P A version |SOKHz bundwidih & (nput Sensitivily 775mv1 Order  Standard or P A

3.~

Vu METER Companble with our four amphfiers deiasied above A
very accurale visual display employing 11 L F D diodes (7 green 4
red} plus an additional on off indicalar Sophusticated logic control
circuits for very tasi rise and decay times Tough moulded plastc
case wath tinted acrylicfront Size 83 - 27 - 45mm
PRICE £8.50 - 50p P&P

LOUDSPEAKERS 5" 1o 15" up 10 400 WATTS R.M.S
Cabinet Fixing in stock. Huge selection of McKenzie
Loudspeakers available including Cabinet Plans. Large
S A E. (28p) for free details

POWER RANGE

8750 WATT R.M.S Hi-Fi Disco,

20 oz magner | ally voice coit Ground aily fiung escuicheon Rus Freq 40Hz Freq Resp 1o
6KHz Sens 92dB PRICE£1099Available wilt: black yrille £11 39 P&P £1 50 ea

127 100 WATT RM.S. He Fi/Disca

50 07 magnei 27 ally voge ¢oil Ground ally fixeng caguicheon Oie ¢ast chassis White cong Res

Freq
25H: Freq Resp 10 4KH: Sens 950B PRICE £28 60 - £300 P&¥ ea

McKENZIE .

12" 85 WATT R.M.S. C1285GP Lead guitar/keyboard/Disco

2"&!1&0\125 coil Ally centre dome Res Freq 45Hz Freq. Resp. to 8 SKHz Sens. 98dB PRiCE £29.99
+ £3 ea.

12” 85 WATT R.M.S. C1285TC P.A/Disco 2” ally voice cuil. Twin cone,

Res. Freq. 45Hz Freg. Resp. to 14KHz PRICE £31.49 + £3.00 P&AP ea

15" 150 WATT R.M.S. C15 Bass Guitar/Olisco. -
3" ally voice coil Die-cast chassis Res. Freq. 40Hz Freq, Resp. to 4KHz PRICE £57 87 + £4. 00 P&P ea
10" 60 WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A.

2" woice coit. Res Freq 75Mz Freq Resp to 7 SKHz Sans. 99d8 PRICE £19.99 - £2 00 P&P

10" 200 WATT RM.S.C Guitar. Key Disco.

2" yoice coul. Res. Freq. 45Hz, Freq. Resp. 10 7KHz. Sens. 101dB PRICE £44 76 + £3.00 PAP

157 200 WATT R.M.S. C15200 High Power Bass.

Res. Freq. 40Hz2. Freq. Reap. 10 SKHz. Sens. 101dB. PRICE £62.41 + £4.00 P&P

157 400 WATT R.M.S. C15400 High Power Bass.

Res Freq 40Hz Freq. Resp. 10 4KH2z Sens 102dB PRICE £89.52 +£4.00 P&P,

WEM

5” 70 WATT R.M.S. Mulitiple Array Disco etc.

1" voice coil Res. Freq. 52Hz Freq 52Mz Freq Resp. 1o 5KHz Sens. 89dB PRICE £22 00 « £1 S0 P&Pea
8" 150 WATT R.M.S. Mustipie Array Disco ete.

1" voic@ coll. Aes. Fraq. 48Mz Freq. Resp to 5KHz Sens. 92dB PRICE £32.00 + £1.50 P&P ea.

10" 300 WATT R.M.S. Disco/Sound re-enforcement etc.

1" volce coll Res Fraq 35H2 Freq Resp to 4KHx Sens. 92dB PRICE £36.00 + £2.00 P&P ez

12" 300 WATT R.M.S. Disco/Sound re-enforcement eic.

1% voice coil Res. Freq. 35Hz Freq. Resp. 1o 4KHz Sens. 3408 PRICE £47.00 + £3.00 P&P ea

SOUNOLAB [Full Range Twin Cone)

5" 60 WATT R.M.S. Hi-Fi’ Multiple Array Disca etc

1" voice coil. Res. Freq. 63H2 Fraq Resp to 20KHz Sens 86dB PRICE £999 - £1 00 P&P ea
6%, 60 WATT R.M.S. Hi-Fi- Multiple Array OisCo etc.

17 'voice ¢oil Res Fraq 56Mz Fréq Resp 10 20KHz Sens 89dB PRICEL£1099- £1 50 PRP ea
8" 60 WATY R.M.S_ Ni Fi”Muitiple Array Disco etc

114" voice cot. Res Freq 38Hz Freq Resp to 20KHz Sens 89dB PRICE £1299 - £1 50 P&P ea
10" 60 WATT R.M.S. H:-Fi/0isco etc.

11," vorce coil. Res Freq 35Hz Freq Resp to 15KH:z Sens 89dB PRICE£16 49 - £2 00P&P

PRHOBRY KITS. Proven designs including glass |

@Aﬁ]\ﬂ?@@ printed circujt board and high quality ‘&g

components complete with instructions. i
M MICROTRANSMITTER (BUGH 90/105MHz with very sensitive
microphons. Range 100/300 metres. 57 x 46 x 14mm (9 wvoit)
Price: £8.62 + 75p P&P.
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controtted
professional performence. Range up to 3 miles 35 x B4 x 12mm
{12 voit) Price: £14 49+ 75p P&P
SINGLE CHANNEL RADIO CONTROLLED TRANSMIPTER/
RECEIVER 27MHz Hange up 1o 500 metres. Double coded madulation.
Heceiver output operatas relay with 2amp/240 volt contacts. ideal for
many applications. Aeceiver 80 x 70 x 22mm (9/12 volt). Price:
£17.82 Transmitter B0 x 50 x 15mm {9/12 volt). Price: £11.29
P&P - 75p each. SA.E. for compiete list.

[ (& iy
3 watt FM
Transmigte

| TAL CHARGES PER OROER £1.00 minimum. OFFICIAL |
ORDERS WELCOME, SCHOOLS, COLLEGES. GOVERNMENT

BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER

VISA/ACCESS/C.0.D. ACCEPTEO 3

¢ supply Integral heat sink Glasgs fibrg P C B and Drwve circunts to power campabkble

GUARANTEED. ready buit
Control Unit -~ Mouses mierowave radar uni, range
up to 15 metres adjustable by sensitivity contro!
Three position, key operated tacia switch — off -~ test
— armed 30 second exit and entry delay

Indoor alarm — Elecronic swept freq swren
10408 oulput

Outdoor Alarm — Electronic swept freq siren 9848
oulpul Housed tin a \amper-pract heavy duty meta
case.

Both the control umit ang outdoor alarm conlam re
cnargeable battenes which prowide full protechion
dunng mans faslure. Powerrequitement 2007260 Voit
AC 50/60H2z. Expandabie with Joor s@nsors. pamic
bultons etc. Compiete with instructons

SAVE ¢ 13800 Usual Price £228 85
BKE's PRICE £89.99 + £4.00 P&P

? Why buy a colfzction of seit assembly boards!

OMP LINNET LOUDSPEAKERS

The very best in quality and value. Made speciatly 10 Swl todays
need for conspaciness with high sound output ievels Firushed 10
hard wearing black vymid> with protective corners, grille and carry
handle All modeis 8 ohms Full range 45Hz - 20KH: Size 20" -
15" + 12" Watis RM S per cabinet Sensitivity TW 1mar d8

OMP 12-100 Watts 110dB. Price £149.99

per pair.

OMP 12-200 Watts 102dB. Price £199.99

per pair. Delwery Securwor £8 00 per pair

[9)°319" STEREO RACK AMPS

1 K-WATT
SLIDE DIMMER

» Control loads up
10 1Kw

» Compact Swuze
Ay T 2T

» Easy snap in fix
ing through panel

cabnet cut out

» Insulated plastic
3se

+ Full wave con

trof using 8 amp
triac

*» Conigrms to

Professional 19” cased Mos-Fet stereo
amps. Used the World over in clubs. pubs,
discos etc. With wtwin Vu meters, twin
toroidal power suppiies, XLR connections.
MF800 Fan cooled. Three models (Ratings
R.M.S. into 4ohms). i Sensawaity /7510

MF200 (100 + 100)W. £169 00 Securicor
MF400 {200 + 200)W £228.85% Delivery
MF600 (300 ~ 300/W £299.99 £10.00

B8S800

» Surtable ior both resist
ance and mductive logds in
numerabie applhicatons in
indusiry. the home. and
disco s. theatres etc

PRICE £13 99 * 75p P&P

BSR P295 ELECTRONICTURNTABLE
» Eloctrome speed conicol 25 & 33 ;r pm = Plus
Mineus varablie pitch conirot » Bell driven * Alu-
nmimum platter with strobed rim » Cue lever = Anti
skate (bias device} # Adgustable coumer balance
Manial arm « Standard cariaige fixngs: =
Supphed compivte with cul aul {emplale » D.C
Operation 9-14v D.C 65m.

Price £36 99 £3 00 P&P.
ADC Q4 mag. cartndge for above Price £4.99 es P&P 50p

PIEZO ELECTRIC TWEETERS - MOTOROLA .
Juin the Preco revaolution The lows dynanu¢ mass (ne wice cout of § Pieso tweatarproduess an
mproved ransient response with a lawer disiortion level than ardina,y dynamic tweeters Ag a
Cros50ver is not required these units can be added 1o exrstang speaker systems of up 0 100 warns
(more of 2 put i seres) FREE EXPLANATORY LEAFLETS SUPPLIEO WITH EACH TWEETER
TYPE "A" (KSN2036A} 3" round with protective vare
mesh wieal fur bookshelf and medrum sized Hi fi
speakers Price £4.90 each - 40p P&P

TYPE "B’ (KSEN100S5A)} 3',” super horn For general
purpose speakers. disco and P A sysiems etc Price
£5.99 sach - 40p P&P

TYPE 'C' {(KSN6016A} 2” ~ 5 wide dispersion
hora For quaiity Hi fi systems and quality discos etc
Prica £6.99 each - 40p P&P

TYPE ‘D’ (KSN102SA) 27 - 6 wide disperson
horn Upper frequency response retained exlending
down 10 nud range (2KHz) Suitable for high quality
Hi-fi systems and quality discos Price £9.99 each

, 4Dp P&P
S TYPE 'E° {KSN1T1038A} 32, horn tweeter with
S { attracuve sitver fimish trun Sutable for Hi-fi monitor
veE N T~ systems etc Price £5.99 each - 40p P&P
= 1 LEVEL CONTROL Combines on a recessed mount

ng ptate. level controf and cabinet input jack socker
85 - 85 mm Pnice £3.99 - 4Dp P&P

STEREO DISCO MIXER

STEREO DISCO MIXER with 2 x5 band L &
R graphic equalisers and twin 10 seyment
L ED VuMaeters Many gutstanding features
5 Inputs with indwvidual faders prowviding a
useful combination of the foliowing
3 Turntabtes (Mag), 3 Mics, 4 Line pius Mic
with talk over swiich Headphone Monitgr
Fan Pot L. & R Master Qutput controls Out
put 775mV_Size 36D X 280 ~ 90mm
Price £134.99 — £3 00 P&P
DEPT

B. K. ELEGTRONIGS ==

UNIT 5, COMET WAY, SOUTHEND-ON-SEA,
ESSEX. SS2 6TR TEL: 0702-527572

—



INTERNATIONALL

JJANUARY 71987

Gary Herman: Editor
Geoff Bains: Editor from
February issue
lan Pitt: Deputy Editor
Paul Chappell: Project Editor
Jerry Fowler: Technical {llustrator
Alisdair Chisholm: Ad. Manager
Nicola Batey:
Classified Sales Executive
Andrew Selwood: Copy Control
Dave Bradshaw: Group Editor

— Electronics
PUBLISHED BY:
Argus Specialist Publications Ltd.,
1 Golden Square, London W1R 3AB.
DISTRIBUTED BY:
Argus Press Sales & Distribution Ltd.,
12-18 Paul Street, London EC2A 41S
(British Isles)
TYPESET-AND ORIGINATION BY:
Design International,
PRINTED BY:
The Garden City Press Ltd.
COVERS DESIGNED BY:
Argus Design.
COVERS PRINTED BY:
Loxley Brothers Ltd.

ISSN ABC

0142.7229

ber of the
Audit Bureau
of Circulation

£lectronics Today is normially published on the first Fri-
day in the month preceding coverdate [J The contents
of this publication including ail artictes, designs, pians,
drawings and programs and all copyright and other in-
tellectual property rights therein belong to Argus
Specialist Publications Limited. Al rights conferred by
the Law of Copyright and other intellectual property
rights and by virtue of international copyright Conven-
tions are specifically reserved to Argus Specialist
Publications Limited and anv reproduction reauires the
prior written consent of the Company. © 1986 Argus
Specialist Publications Ltd L All reasonable care is
taken in the preparation of the magazine contents, but
the publishers cannot be held legally responsible for
errors. Where mistakes do occur, a correction will nor-
mally e published as soon as possible afterwards. All
prices and data contained in advertisements are ac-
cepted by us in good faith as correct at time of going to

EDITORIAL AND ADVERTISEMENT OFFICE

1 Golden Square, London W1R 3AB. Telephone 01-437 0626.
Telex 8811896.

FEATURES

THE MIDI INTERFACE...... KT 7
Alan Robinson clears upsome of the
murky waters surrounding the Musi-
cal Instrument Digital Interface.

HARDWARE DESIGN
CONGERIS ittt oer 22

FM FROM THE BEGINNING ... 25
John Linsley Hood gets a good
reception.

SPECIAL PULL-OUT SUPPLEMENT
No.4
TAKING CARE OF BUSINESS

: - AL INTRODUCTION ............. 39

QV",’]';‘; Eg’;'gf O'r‘,’;m”s a good PAL  TINKING IT THROUGH. " 39

: GOING ITALONE.....ounrn oo 40

1986 INDEX ....ccovvveevnnnn. 41 USEFULADDRESSES .......... 46
PROJECTS

RGB-COMPOSITE THE ETI LEDSCOPE ........... 57

CONVERTER.................. 32
Onechipdoesitall, says Dan Ogilvie.

THEETIMAINS CONTROLLER... 35
Use your computer to switch the
mains safely and simply with this
neat board.

THE BETTER FLANGER......... 47
lan Coughian says there is a better
flanger, and proves it with this
design.

DIGITALAUDIO SELECTOR ...52
Andy Armstrong puts it all together,
and it's altogether the latest in amp
front-ends.

This little device will cast some light
on low frequency signals — 140
lights, in fact. Design by Tony Ellis.

COMBINED TACHO-DWELL... 62
This will give you a good tune.

IN-CARTECHTIPS ............ 70
Andy Armstrong in the wheel
world, with:

a Bar%raph fuel Guage

the Theif Staller

a Brake Light Failure Indicator

a Vandal-proof Aerial

a Replacement Voltage Regulator

Digital Temperature Read-out

REGULARS
DIGEST. ........... 1 - A TS 7 Stereo Time Delay Effect
Questions of taste. Computer Control of AC Power
a Phone Line Monitor
READ/WRITE........cccuunn.. 14 an Improved Missing Pulse

We've got letters after our name,
Iand Auntie answers another prob-
em.

TECHTIPS..... BBb0c A oot bos 66
More than usually informative with:
a Priority Selector

Detector
a Video Clamping Circuit
ETCETERA........... R 77

Open Channel comes face to face
with the video telephone and Alf's
Puzzle examines a curious op-amp.

fxuess Neither the advertisers nor the pubhigh
eld responsible, however, for any variations affecting
price or availability which may occur after the publica-
tion has closed for press.

B Subscription Rates. UK: £18.10.Over-
seas: £22.50. USA: $29.50. Airmail:

i £49.50. £

ETI JANUARY 1987

INFORMATION
scanbe —
SPECIALOFFERS ........... 6,16 PCB FOIL PATTERNS ..... et s 4
SUBSCRIPTIONS ............. 11  FREE READERS’ADS .......... 78
NEXT MONTH'S ETI........... 15 CLASSIHEDADS.............. 80

_



BBC Master Series
AMB15 BBC MASTER Foundation
computer 128K ............... €434 (ay
AMB12 BBC MASTER Econet computer
128K {only ANFS £334 (ay
AMCOB Turbo (65C102) Expansion
Module .5 s e et £99 (b
ADF13 Rom Cartridge. ..
ADF10 Econet Module
ADJ22 Ref. Manuaj Partl ........ €14 (c)

System 1 with 2 12" Med Res RGB
MOAItOr .......iviviinnin . ... €469 (a)
SYSTEM 3

01-208 1177 Tecunomanic Lo 01-208 1177

Viicro Computer

Second Drive Kit................. £99 (c¥
UPGRADE KiTS

1770 DFS Upgrade for Mode! B £43.50 (d)
Basic || ROM .. ceiieao... £22.50 (d}
..................... £15 (d)
£17.50 (d)

84K Upgrade Kit for B Plus .
ECONET ACCESSORIES

Database Management Systems. Word
Processors, Languages, Spreadsheets, Utilities

DISC DRIVES

These are fully cased and wired drives with slim line high quality
mechanisms. Drives supplied with cables manuals and formatting disc
sultable for the BBC computer. All 80 track drives are supplied with 40/80
track switching as standard. All drives can operate in single or dual den-
sity format.

PD800P (2 x 400K/2 x 640K 40/80T PS400 with psu 1 x 400K/1 x 640K

ADJ23 Ref. Manual Part it........ £14 {c) Ao R e S S DS} with built in monitor 40/807T DS £129 (b}
ADJ24 Advanced Ref. Manual +£19.80 (¢} Econet Socket Set . 1 oo, ENT et s e £249 (8)  3.5” DRIVES
PO ONBROBUCTS Econst Bridge .............. PDS800 (2 x 400K/2 x 640K 40/80T 1 x 400K/1 x 640K 80T DS TS35
St L f229(a) e Server Levelil....... DSy SR ot £229ifa) | 1. U e s SR £99 (b)
Muitiform Z80 2nd Procassor .. .. 5299 (b) LIl an A Sig: TD800 (as PD800 but without PS35 1 withpsu........... £119(b)
Acorn Telstext Adaptor ......... €118 (b) L%E‘gg’g:e{‘?:efﬂdige‘" SN voTi s e a) 2 x 400K/1 x 640K 80T DS TD35

F Acorn |EEE Interface.........,.. €265 (a) TS400 1 x 400K/1 x 640K 40/807T L e £170 (b)
BBC Master Compact COMMUNICATIONSROMS | DS ...................... £114 (b) PD35 2 withpsu .......... £187 (b)
S5k Simale 640K Drive & bundied oot
szﬁﬁiﬁ"_jf S Pt tay 3M FLOPPY DISCS
SYS

High quality discs that offer a reliable error free performancefor iife. Each
discisindividually tested and guaranteedforlife. Tendiscs are suppliedin

System 1 with 8 14” Med Res RGB ) For tuil details on the wide range of above a sturdy cardboard box.
MONROFL TS A Na L 5 i £599 (a) packages please write to us. 5% DISCS 34" DISCS
ACCESSORIES 40T SS DD £10.00 {(d) 40T DS DD £12.00 (d) 80T SS DD £20.00 (d)
PRINTERS 80T SS DD £14.50 {d) 80T DS DD £16.00 {d) 80T DS DD £25.00 {(d)
LXB6NLQ (80 col) £209 (a)] L0 Snomiestrn o tas00(®)
DI e a LXB0 Sheetfesder. 24900 (b
X85 (80col) NLQ 8K RAM ... £315 (a)f  Paperhot Hokder 1720 0 DISC ACCESSORIES
B acoy e £435 )l e i % FLOPPICLENE Disc Head Cleaning Kit with 20 disposable cleaning discs ensures
Lg?goo( (133::)oi) """""""" o106 g; 814385232+ 2K e857.00(c) continued optimum performance of the drives..., 3%" £16 (d). 5%"£14.50 (d)
-------------- 8132 Apple If. £80.00 (c) Singie Disc Cable £6(d}) DualDiscCabe . £880(d
JX80 4 colour................. £420 (a) e iy .ao‘«:% e m((c;
40 DisC LOCKADI BOX .....con.....cmr. €850 (¢) 100 Disc L Box £13 {¢)
TAXAN KP810 (80col) NLQ....£215 (a) FOUFXINDA00 ..o senrrrr £10.06 () = 2
TAXAN KP910 (156c0l). .., .. .. £349 (a) IX00...... o en00(a) MONITORS
TIONAL PANASONIC KXP108C Spare pens for H180 .rem.v.ccrosee s 27501302 (0} All 147 monitors now available in plastic or metal cases, please specify.
..................... £149 (a)] R0 rchrAmachman £ T
STAR NL10 (Paraliel 'face). .. .£239 (a) M TEC: 14” RGB 14” RGB with PAL & Audio
STAR NL10 (Serial [face) ....£279 (a)] e kogromno e sasais 1431 StdRes ............. £179(a) 1431 AP Std Res ......... £199 (a)
JUKI 6100 Daisy Wheel ....... £249 (a)l ke S S 1451 med Res ............ £225{a) 1451 AP Med Res......... £259 (a)
BROTHERHR20............. £329 (a) RS232 Imertace £85(c) 1441 HiRes.............. £365 (a}
CANNON PJ1080A............ £4og a) swewwmmwmmg Swivel Base for Plastic 14" Microvitecs ...........cc....... £20 (c)
INTEGREX Multicolour. ...... £549 (a e 20” RGB with PAL & Audio
EPSON H180 Ad Plotter ...... £319 (a} e R o T e | 2030CS StdRes.................£380 (3)  2040CS Hi Res... ..£685 (a)
HITACHI 672 A3 Plotter ... ... £459 (3)  proTHERHMIE: TAXAN SUPERVISIONL ..ot eiiiiiinaiiiieaneaneenann, £279 (a)
?mfm L2 f‘u’:((:; TAXAN SUPERVISION IH with amber/green option, BBC & IBM...£319 (a)
ceesne 213 (D) Ribbons Carbon of Ny oo £4.50 (¢} MITSUBISHI XC1404 14” RGB Med Res {BM & BBC Compatible ., £219 (a)
£18.50(b) | e Comectonfibon ey MONOCHROME MONITORS:
= #hods L U - 7~ 17| TAXAN KX1201G Hi Res 12” Etched Green Screen ................ £90 (a)
S Sclnias Siogicow oo cn68.28(d) Sertal 0@ | TAXAN KX1202G Hi Res 12~ Long Persistence (P39) .............. £95 ()
2718" x 12118” Triple row .......£5.00 (d) Pricter Leads en be suppied to any length. TAXAN KX1203A Hi Res 12" Etched Amber Screen ................ £95 §a)
PHILIPS BM7502 12" Hi Res Green Screen........................ £75 (a)
MODEMS PHILIPS BM7S22 12 Hi Res Amber Screen ................oo...l. £79 (a)
- HANTA 2
— All modems listed below are BT approved Swive! Base for Taxan Monochrome fitted with Digita! Clock ....... £21 (c)
MIRACLE 3000: '
MIRACLE WS2000 V21723 Manual . ,.£102 {b) ATTENTION
MIRACLE WS4000 V21/23. (Hayes Compatible, DATATALK Comms Package °If SPECIAL OFFER All pricas in this double page advertisement
Inteltigant, Auto Dial/Auto Answer) . . £148 (b) purchased with any of the above modems” 2764 25 arg subject to-change without notice.
MIRACLE WS3000 V21/V23 As WS4000 afnd _______________________________ £70(c) = vee....£2.00 ALL PRICES EXCLUDE VAT
momory o T PR 0 Geay Moo Wotn viley | 27128-25 . ... £2.50 | pieass ad carriage S0p uniess
MIRACLE wsgooo V22 As WS300 v21;£v429:ss b(u; R s 6264LP-15 £3.40 indicated as follows:
with 1200 baud full uplex .......... a e - £250
MIRACLE WS3000 V22 bis As V22 and 2400 () £8 (b} (c) £1.50 (d) £1.00
baud full duplex .................. - €650 (a) £
MIRACLE WS3022 t with only . Serial Test Gable —p Serial Mini Patch Box Serlal Mini Test
1200/1cz|?g“s':idé"xm§é“b ------ £395(a) [ ~SermliCavieinyieicne SHbolemsisgrnoion Aliows an easy method 10 reconfigure p funclions Minitors RS232C and CCITT V24
MIRA: W 4 As WS3000 but with only Lrk: 9 without rewiring the cable adsy, T K i g A
2400/2400 3 TR T T T £570 (b) way Switch makingit posshialid protivceisimosteny Jumper;eanbousoa and retisad. £22 {d) on 7 most significant linas.
DATA Cable for WS series/PC or XT . £10(d) | §amie comigurition oo ito. S -Connects in Line. £22.50 ()
GANG OF EIGHT CONNECTOR SYSTEMS
INTELLIGENT FAST .D. CONNECTORS EDGE CONNECTORS AMPHENOL RIBBON
EPROM COPIER pooaviosxtimer | or oy OO s “z0c. egnale
Copiesuptoeighteproms atatimeandacceptsall o eaderfecerdotdoe ) 2 YR ;C"'“"“’d""e’ S P | asweyplag  500p  475p 10way  4p  Stway  180p
single rall eproms up to 27256. Can reduce pro- o s0n 85p 120p | % 12 way (vic 20) — 350p | 36 way skt §50p  500p oy 2o ;0::; 2000
gramming time by 80% by using manufacturers 2 145p  125p  195p | 2x 18way e 140p | 24 wayplug 2(,:',:; 1% Bway %
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Hw;'gsabove buttouglig\alimer..t.. RS £59 (cb TEXTOOL ZIF MISC CONNS e phone 01-450 9764. 24 hour
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MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON \'\VIO 1ED Ordcrs from Government Depts. & Colleges etc. welco
SHOPS AT: 17_’BURVLEY ROAD WLO\ DON N > Detailed Price List on request.
')
(Tel-0F “0_8 1177 ) Tele ~80C Tel, 01-72 3 0233 Stock items are normally by return of post.
305 EDGWARE ROAD. LONDON W2
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Inferak 1

AN EXPANDABLE DISK-BASED
Z80A DEVELOPMENT SYSTEM
YOU CAN BUILD YOURSELF!

Universities, Colleges, Industry, Enthusiasts:

Unlike home computers, development systems have entirely
“open” architectures, use standard TTL etc. chips (ie no
ULA's!), and are built in a proper engineering fashion. Usu-
ally these superior products carry a correspondingly
superior price tag, but you can build Interak yourseif board
by board and thus afford a system which would normally be
out of your reach and/or understanding.

. e |« s K B
= © @ g (=]
A Interak 1's greatest asset — space for @xpansion. I —
8 L) =l
@
B e
o © {Up to 7 more cards, aach $14™ % 87) = = =
. .
TR YOUR OWN EXPANSION s o 2+ METE g OrXs
. EQ SPE SOUND, EPROM. PRINTER, MODBN, T ook
B | | o0 srcen acvan sreon mivin oo e | 5 1722 | L !

The initial development sysiem has 64K of RAM, a 4 MHz
ZB0OA CPU, paraliel ASCIl keyboard interface, VDU Interface
(TVsetor monitor), and a floppy disk drive interface for up to
4 drives. Any size {including 8" double density) can be used,
but our 1 Megabyte 3.5" drives are proving very popular
because they can fit into the system rack, (and they only
cost£87.00each +VAT). CP/M2.2is available, giving access
to thousands of “public domain” programs.

The system can be described as “future proof" because it
uses plug in 4.5 x 8" cards in an industriai quality 19" 3U
rack. We have been established since 1970, and this system
was firstmade in 1977 so {unlike almost all other computers)
it has stood the test of time.

Send two second class stamps, or telephone for a

detailed descriptive leaflet, specification, prices, etc.
& Greenbank

Greenbank Electronics (Dept T7E), 92 New Chester Road,
New Ferry, Wirral, Merseyside L62 5AG. Tel: 051-645 3391

CONSTRUCTOR SERIES
X1V SPEAKER KITS

Based on the famous Kef Reference Series, these three DIY designs
give the home constructor the opportunity to own an upmarket pair of
loudspeakers at a very down-to-earth price!

With a Wilmslow Audio Total Kit it's so easy — no electronic or
woodworking skill is necessary. Each kit contains all the cabinet
components {accurately machined from smooth MDF for easy
assembiy}, speaker drive units, crossover net-

works, waoding, grili fabric, term-
inals, nuts, bolts etc " —
~ . |
. 0

Modet C$1 is based on the Reference 101, CS3 is equivalent to the
Ref. 103,2 and CS9 is based on the Reference 105.2 (but in a
conventionally styled encl.).
CS1£116 pairinc. VAT plus carr/ins £6
CS83 £138 pairinc. VAT plus carr/ins £10
CS89 £383 pairinc. VAT plus carr/ins £18
We also offer a kit (less cabinet) for Elector PL301
DIY Speaker catalogue £1.50 post free (export $6)
WILMSLOW AUDIO LTD.
35/39 Church Street, Wilmsiow, Cheshire SK9 1AS
Tel: 0625 5295389
Call and see us for a great deal on HiFi. (Ciosed all day Mondays.)
Lightning service on telephoned credit card orders!

Note: Parts supplied
may nct correspond
exacily 1o the photo-
graph Offer while
stocks lost — order
orly!

A complete set of parts, including case, professional elec-
trode pads, special conductive gel end full instructions, to
make a highly responsive GSR Bio-feedback monitor, as
fectured in ETI December1986. By special axrrangement, we
can offer the complete parts set for ONLY £13.95 + 60p
postage (UK only) inclusive of VAT.

* The expansion partssetcontainsall partsexceptior the PCBand
components given away free with the November and December
1986 issues of ETIL.

' Order Code RO ET4. Please supply
' Bio-feedback expansion sets * at £13.55

Name

SPECIAL OFFRRE

BIO-FEEDBACK PARTS SET

Toorder by post, please send the orderform (or copy) with your remjt-
tance to: ASP Readers Services (RO ET4/7), 9 Hall Road, Maylands
Wood Estate, Hemel Hempstead, Herts. Please make cheques pay-
able to ASP Ltd.

Phone ACCESS or VISA only: 0442 211882

Order Code RO ET7. Please supply
Bio-feedback complete sets at £14.55

Address

Or, | authorise you to debit my

ACCESS/BARCLAYCARD No.

|
|
|
I
[
]
f
I
|
|
I
|
!
i
!

Of the SUM Of £ evevcrerrsrseres SIGNEM corrirsmsrsosrs |
|

— e

Please alfow up to 28 days for delivery.

e e | ™ s | |y
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DIGEST

@ Bernard Babani have issued an
updated catalogue describing
their range of technical books.
Thetitleslisted coverawiderange
of subjects including audio, com-
puting, construction, faultfinding
and servicing, amateur radio, etc,
and copies of the catalogue can,
be obtained free-of-charge from
Bernard Babani (Publishing) Ltd,
The Grampians, Shepherds Bush
Road, London W6 7NF, te! 01-603
2581.

@ A small error crept into our
piece onthe Datapen Chiptesterin
November’s News Digest. The
telephone number should have
been 0256-770 488. Apologies to
readers, and also to the owners of
the number we published who
have been plagued with enquiries
they can’t answer!

® Marston-Palmer produce a
range of cooling products for use
with electronic circuitry, and their
latest 12-page brochure describes
some of the more specialised
items in the range. “Special Cool-
ing Products” covers force-cool-
ing, coldpiates, total enclosure
coolingand othersystemsforuse
where simple heatsinking proves
inadequate orundesirable. Copies
can be obtained from them at
Wobaston Road, Fordhouse,
Wolverhampton WV10 6Q), tel
0902-783361,

@ There were less business
failures in the electrical engineer-
ingindustry during the first half of
1986 than there were during the
first haif of 1985, according to
business information company
Dun & Bradstreet Ltd. The total
dropped from 283 to 264 with the
highest number of failures occur-
ing in the South East of the coun-
try. In spite of the fall, the failure
rate in the electrical engineering
industry remains higher than in
other sectors of British industry.

® The new, muchheralded Map-
lin catalogue is nowavailableand
can be obtained either direct
from them or from most High
Street newsagents. 1t describes
the usual wide range of compo-
nents, kits, tools, etc, along with
much useful information and
many new additions. Maplin are
also giving a battery condition
tester away free to everyone who
purchases the catalogue, plus the
@hancetowin £100.00 creditina
free competition. Maplin Elec-
tronic Supplies Ltd, PO Box 3,
Rayleigh; EssexSS6 8LR, tel 0702-
554 155.
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Britain
‘Slipping
Behind’ In
Research

B ritain invests less money in
academic research than its
major competitors and is begin-
ning to lose its standing within the
international scientific community.

Those are the conclusions of
two reports prepared for the Ad-
visory Board to the Research
Councils (ABRC),abody setup by
the Education Secretary to advise
on research and funding.

The problems are said tobe par-
ticularly acute in the physical
sciences, and a list drawn up by
worried academics suggests that
electronics research isamong the
areas losing out.

The ABRC report on funding
shows that Britain spends less
government money on research
than any of its principal com-
petitors, the only exception being
Japan where far more research
funding is available from industry.
The Japanese govemment has
also been increasing its invest-
ment in research in recent years
and may have overtaken Britain

since the figures were produced.

The second report examines
the international standing of British
scientific research and concludes
thatwearefallingbehind our com-
petitors, particularly in physics.

The reports are significant
because they provide a better
base for comparing national levels
of research spending than the
statistics supplied by the Organis-
ation for Economic Co-operation
and Development. The authors,
Ben Martin and John Irvine of
Sussex University’s Science Policy
Research Unit, say thatit has been
ali too easy in the past for people
to dismiss comparisons of research
spending,

The Chairman of the University
Grants Committee, Sir Peter Swin-
nerton-Dyer, accepts that the
figures show Britain to be lagging
behind in research investment,
butargues that we getbettervalue
for money than our rivais. He
believes that the situation can be
reversed at comparatively little
cost and that it would be far
cheaper to do so than to let things
slide still further.

The reposts have been
welcomed by the Save British
Science Society, a group which
claims the support of over 2000
British scientists including more
‘than haif of our Nobel faureates.

They have compiled a list of
‘missed opportunities’, instances
where the lead in key areas of
research has been lost to other
countries because of inadequate
funding.

One of the examples they
quote is that of Professor Con-
nerade of Imperial College, Lon-
don, whose work was crucial to
the development of future gener-
ations of sub-micron ICs. The
college was unable to obtain a
£130,00Qgrant forthe projectand
the work is now being carried out
at a German laboratory. They also
claim that Britain’s lead in cryo-
genics and applied superconduc-
tivity is being lost through inade-
quate funding.

The SBSS say that the reports
bear out warnings they gave ayear
ago. They pointoutthatthefigures
used date from 1982 and claim
that the gap has widened since
then. In particular, they believe
that France and Germany have
responded to the challenge of
essential research and have found
the necessary funds, leaving Bri-
tain farther behind than ever.

ABRC Science Policy Studies.
No. 1 (Physics) and No. 2 (Fund-
ing), 6 Carlton House Terrace,
London SW1 5AC. Prices: £14.00
and £12.00 respectively, plus post-
age and packing.

Low Cost, High
Performance
Oscilloscopes

ektronix claim to have broken

a price barrier with their dual-
channel 2225 portable oscillo-
scope. At£750.00, it offers 50MHz
bandwidth, 500uV sensitivity and
a host of other features usually
found only on much more expen-
sive instruments.

The 2225 is intended as a
general purpose instrument for
use in areas such as test, produc-
tion, education, etc. A selective
trigger which can be locked onto
either TV line or TV field signals
makes it suitable for a wide range
of video and television applica-
tions, and there is also a filter

which canbeusedtoremovehigh -

frequency components on fow
frequency trigger signals and vice
versa, making signal stability far
easier to achieve in difficult
circumstances.

COther features include a peak-

to-peak auto-trigger, variable
hold-offfortriggering on complex
waveforms, a beam-locator, and
an alternate sweep magnification
system:. This facility provides many
of the benfits of a dual-timebase
'scope, allowing a section of the
sweep to be magnified by 5x, 10x
or 50x and displayed simui-
taneouslywiththe main sweep. A
50MHz 10x probe is available for
use with the 2225 and features
built-in compensationandahigh-
ly-durable probe tip.

The 2225 shares the same front
panellayoutasthe othermember
ofthe 2200 Series and is saidto be
very easyto use. Tektronixsaythat
the use of the well-established
2200 Series design base has helped
themn keep costs down, enabling
them to design and manufacture
the scope in Britain from British
and EEC components yet remain
competitive with other products
from every part of the world.

The Tektronix 2225 oscilloscope
is available now from RS Compo-
nents and Electroplan as well as
from Tektronix themselves. The
P6103 probeis also available now
and costs £20.

Tektronix UK Ltd, Fourth Avenue,
Globe Park, Marlow, Bucking-
hamshire SL7 1YD, tel 06284 6000.
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Electro Mech Industries Limited &=
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order through, we do the rest. 24ht answerphone.

Unit 2, Wessex Industrial Estate, Station Lane, Witney, Oxfordshire. Telephone (0993) 75827 or 76605 [ e rosres iaar a3
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New Bells Are Ringing

he latest measures in the

Jiberalisation’ of the British
Telecom networkcame into force
at the beginning of December.
These measures, proposed by
Oftel, the Government’s regula-
tory body for telecoms, remove
restrictions on the installation of
secondary sockets and extension
wiring.

Once the master socket has
been installed by BT on any par-
ticular premises, further sockets
can be added by an independent
contractor or even by the tele-
phone users themselves. The
hardware concerned will stilf
have to meet with BT approval
and carry the green circle symbol
if it is to be connected to the
BT system, but communications
equipment manufacturers are
confident that the lifting of restric-
tions on extensions will boost
demand for telephones and re-
lated kit.

The managing director of dom-
estic equipment manufacturer
Betacom was confident when he
spoke recently about his com-
pany’s future plans. ‘With the
liberalisation of secondarysockets
and extension wiring’ said Dennis
Baylin, ‘we expect the market to
expand rapidly and are therefore
strivingto develop our majorcon-
tacts and planning an equally

aggressive stance in 1987."

Neither Oftel nor BT have in-
dicated whether they intend to
introduce approval for wiring in-
stallations themselves. it is often
claimed that the approvals sys-
tem is designed to avoid poten-
tially hazardous situations, by
ensuring that only safe equip-
ment is connected to the tele-
phone system. With customers
now able legitimately to connect
up their own extension sockets,
there is no real safeguard operat-
ing at the wiring level.

@ While we're on the subject of
BT, it may be worth noting that
their much-vaunted price cut is
something of a con. The reduc-
tionofthe unitfee from 5pto4.4p
{some 12%) is, in many cases,
more than matched by the reduc-
tion in time allowed per unit. In
the most startling example, the
actual cost per second has gone
up from 0.055p to 0.073p — arise
of almost 33%. Interestingly, this
is for peak-time local calls.

Most long-distance and inter-
national calls have actually dec-
reased in cost-per-second, while
local calls and calls up to 56km (a-
rate) have gone up. The effect will
be to favour users of long-dist-
ance calls — mostly business —
and to hurt the domestic user.

School’s Out

t’s come to our attention that

one of our longest standing
advertisers, the British National
.Radio and Electronics School, has
ceased trading.

Unfortunately, we unwittingly
carried an advert from this organ-
isation after they ceased trading.
Any readerwho sentmoney to the
company as a result of this advert
may have a claim under the Mail
Order Protection Scheme. To

clarify their position, they should
write with all details to the Adver-
tising Department, ET1, 1 Golden
Square, London W1R 3AB.

Readers enrolled on BNR&ES
courses are, if possible, being
placed on similar courses run by
other recognized correspon-
dence shcools. If you receive no
nofice of a transfer or if you require
further details, please telephone
the Council for the Accreditation
of Correspondence Colleges on
01-935 5391.

ew from Audiokits of Derby

comes this complete hi-fi
stereo amplifier, less transfor-
mer, mounted on a fibreglass
PCB. The amp’s designer claims
thatitis capable of providing 30W
RMS per channel from a 40V AC
supply, although it will work well
at supply levels down to 15V AC.
The Audiokits Module is designed
around a cascode drive stage for
better linearity and high fre-
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quency response and it boasts
two-transistor constant current
sources and diode stabilised bias-
ing in the pre-amp — features
which Audiokits say are ‘normaily
found only in expensive hi-fi
amplifiers.”

The Module is priced at £37.50
plus £2 p&p, ready built, and is
available from Audiokits, 6 Mill
Close, Borrowash, Derby DE7
3GU (0332 674929).

MicroPoetry?

T he year's most amusing press
release has to be from a US
computer software company
called MicroProse, suppliers of
computer games liek ’F-15 Strike
Eagle’. They have just moved UK
officestoa 5000 square feet piece
of real estate ‘overiooking the
market square in the picturesque
town of Tetbury, Gloucestershire.’

The company’s press release
gushes, ‘this means that among
MicroProse Sofware UK’s new
neighbours will be Prince Charles
and Princess Diana, whose home
Highgrove is little more than a
mile away.” Among their other
neighbours will be Mrs. Ethel
Spiodge of 9, The Villas, Tetbury,
but she’li never inspire ‘Jet Set
willy HRH’, will she?

Amstrad
Power

JC Electronics are market-

ing an output port for the
Amstrad CPC464, 664 and 6128.
Based on the ULN2003 darling-
ton driver, the board provides
seven outputs capable of sinking
upto500mAat50Vandwillallow
you to switch relays, small motors
and seven segment displays. The
board is obtainable from NjC
Electronics, 13 Binfield Square,
Ella Street, Hull HUS 3AP, and
costs £14.95 inclusive.

Time And
Again

The Cirkit 2000 is a plug-in

timer which allows pro-
grammed switching up to six
times a day for each day of the
weekofloadsratedat 3kWorless.
The LCD display shows time and
day of the week as wellas the pro-
grammed settings. The timer is
claimed to be accurate to within
two seconds and can be pro-
grammed for periods as short as
one minute.

Battery back-up is included to
avoid loss of program in the event
of mains failure or temporary
removal and the manual override
will bring switching forward with-
out upsetting the program. )

The unit costs £32.95 plus VAT
and is available from Cirkit Dis-
tribution, Park Lane, Broxbourne,
Herts EN10 7NQ (0992 444111).

On Air, Off Wire

he first full-scale interactive

cable TV system in Europe is
to be developed as a joint enter-
prise between Tandata Holdings
of Britain and ITT Nederland in
early 1987. The network will
operate at first in the South Lim-
burgarea of Holland and will offer
access to teleshopping and infor-
mation services by means of a set-
top box with integrai alpha-
numeric keypad and infra-red
transmitter.

Tandata is already an ack-
nowledged market leader in
viewdata and teletext hardware
manufacture. In particular, they
are well-known for the range of
Prestel terminals they provide,
advertised in conjunction with the
Royal Bank of Scotland’s ‘home
banking service’. Managing direc-
tor, Roy Pendleton, says that
‘development of the set-top box
for interactive cable services has
provided to be a fascinating task,
combining our extensive know-
ledge of videotex and teletext
protocols.’

The South Limburg project will
be the first interactive videotex

system in Europe not relying on
the telephone network. The use of
cable can broaden the range of
services offered, especially,
because there will be no ‘time-
based communications charges’,
in the words of Roy Pendleton.
Services envisaged include
weather and news information,
teleshopping,  home-banking,
burglar and fire alarms and
messaging.

Because of the lack of a time-
base the system can be left on for
extended periods. Despite the
apparent advantages of a cable
based system, teletext so far has
been predominantly an off-shoot
of the phone network. This is
because of the lack of interactive
capacity in existing cable net-
works and the need to develop a
low cost terminal of the sort
developed by Tandata. As far as
the other consideration goes, this
will be taken careof by ITT Neder-
lands who are operating the order
from the Dutch Government to
upgrade the existing cable net-
work starting with Limburg.




THE N 1 NAME FOR ELECTRONICS &
0 | COMPUTER PERIPHERALS

STATE OF THE ART POWER AMPLIFIER MODULES

EH;gh grade mosfet design for hi fi quality.
ach unit comes complete with onboard
power supply featuring a toroidal transformer. 120 WATTS (4 OHMS) ONLY £3999

3 models to choose from — note these prices 200 WATTS (4 OHMS) onLy £49.99

are for built and tested units complete.
300 WATTS (4 0HMS) ony £59.99

Just plug in and go!!
SOUND TO LIGHT 5 CHANNEL LIGHT
SEQUENCER

SYSTEM CONTROLLER

ONLY ONLY
ﬁfzg.gg £30.0
+ £2 plp + £2 phip

fack mnhnnng or freg sianding 3-channel sauttd 1o Ight using external Rack mouating or free standing §-charmel light sequencer with additional
connecrion lrom speaker iead to eliminate hackground noise prckup. Bass. constant chanvel. Speed and divection conunis for segoencet wwih & 1ED
Middle, Treble and Master sensitvity controts. 3 LED) autput mimics on sutput mimcs 60 front panel, Artenuator contol for constant channet
fraot gasel Fuse grotesuen. Qutput- 3 x 1000W Max. wfal lnad 2000% Fuse protgction, Jutput- 5 x 1000W Max wial lead 2600w

POSTAGE
ADD £3.00

STROBE LIGHT complete

£29.99

+ £2 plp

Top quality high outpt stsbe lxghx vath pEiEtXJkC refiector Housad in
rack-ounung case to maich other specual effec: equipment. Varrable
speed contral. On/0fF switch. Frash rate- 525 Hr

QUALITY

) LOUDSPEAKERS

AT LOW, LOW

(2 127 50 watis response

1 3kHz £19.99
(@ 127 100 watts response

10 7kHz (PA) £29.99
1 3KHz £34.99

{0 12" 200 waus response
BRITISH MADE McKENZIE

(@ 12” 85 watts response
t0 15kHz {PA) £31.99
] 15" 150 watis respanse

1 AkHz £54.99

(@ 15" 200 watis response

i 4KHz £5999

Please Add: £2.00 pfp for 12” model,
£4.00 pép for 15” model. All units are 8 ohms

PRICES!!!

4 CHANNEL
DISCO MIXER

] 12" 85 watts response

10 BKHz £29.99

NOW THE ULTIMATE 5 CHANNEL STEREO MIC/AUDIO MIXER

DISCO STEREO MIXER __

ONLY

£3.00 p&p

5-channel sieres disco muxee with baft in twin 5-band graphic SFERED. 5-channel disco mixer Switchable headphane menitor
egualizer LED d3rgragh outpul monitoz. In vl and uu‘wul tefi and nght VU meters. Gry/0ff swntch. Cabitner meunung,
tieadphone manitoring Fader mex channeks 1 and 2. flush fiting

Mitraphone tafkover switch. Equalices deleal button,

= DIGIIAL SUUND SAMPLING ON YOUR MICRD (ROBOTICS & MODEL CONTROL

4 rbannsl stersg discp miser with buifi-in 5-hand graphic
equalizes LED display monrosed ewigur. fader mix, cue control
and equalizer defeat buton. 4 inguls

MADE EASY ON YOUR MICRO

FOR THE SPECTRUM/PLs/128k ony £29.99
3 8 inpuss. 4 outputs with onboard relays

3 Complete with ribbon cenneciing eable for mobile prejects
(3 Simply conwrolled from basic or M/C

FOR cOMMODORE 54/128 oy £39.99

Datel were the first UK company to bring sound sampling to the
pany g S ) ) 4 buffered inputs 3 4 outputs via onboand relays

home micro at realistic prices!! Now we can offer systems for
Spectrum/Commodore/Amstrad. Digital sampling allows you to
record any sound into the memory of your computer and then
replay it at any pitch. forwards, backwards, with-echo. reverb.
endlessly looped etc. Complete musical pieces can be
composed within the sequencer from a single sampled sound.
Sequences can be loaded and saved from tape or disc

1 System is complete hardware/software package

{1 Free microphone supplied [ Tape or disc (please state)
U Spectrum/Plus/128K only £49.99 + £1.00 pap

0 Amstrad 464/664/6128 only £448.99 + £1 .00 p&p

0 Commodore 64/128 only £49.99 + £1.00 p&p

USUALLY SAME DAY
DESPATCHONALLOROERs 237 CHEDIT
SEND CHEOUES/F Os70.
UNITS 8/9
| e e
l CIRDNI STOKE-ON-TRENT TEL: 0782 273815 , S
FAX: (0782) 264510 S aPoeTAGE

{1 Anatogue input for measurement etg.

J Micraphane input for voice central

(3 Comprehensive software featuring sequencer & measurement
mogules — very effective

] Complete with cabies & micraphane etc.

FOR AMSTRAD 454/654/6128 onty £29.99
i1 8 buflered inputs (3 4 outputs via onboard eelays
) Complete with ribbon cable  (JThraugh bus

3 Simply conwrolled from basic er M/C

PLEASE STATE WHICH COMPUTER WHEN ORDERING

OTHER COMPUTER PERIPHERALS

COMMODORE 64,128 L3 3 stat mother boset - ac ipzs 3 LI Snapshat 2 — tane/mecrodee Dpus

3 Acticn Replay - the chtimate lﬁxl/ canndges at fick of swich - £16.99 backep smuw £24.99
1apa/disk backop cartridge - £24.98 £ Ml ingerfage - mrb with 3 mogor [ Gamasale - joystck meeriace - plus
00k Mte 2 ot ot i G Mot €28 deer st e 1 - £10.99
advancad disk gser faciliens AMSTRAD
€7 Trtio A0M - athanced raplacement Dmmnmm{bemw\mmd
gn;‘t mlsasl f'::d);é E(]fw .99 SPECTRUM/PLUS/ 128K 1ape/dst/mpe sysem — ]

et pringer O Gurckshoe 2 meicming interface
corsais fout imgroved typefaces - £19.93  (Fomgeaun Syswrm onfy - £13.99 A o i et
1 8K pseude ROM ca - banery O3 Imerpesnier cemronics prister mierface -
becked, easy (o use - £16.99 Tasward compasible - £24.99

Please send SAE for Catalogue.
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®“Noise —the Problem, the Solu-
tion”isthetitle of an 18-page cata-
logue available from Castle Associ-
ates. As well as detailing the range
of sound measuring equipment
available for sale or hire, the cata-
logue includes three pages of tech-
nical information and definitions.
Castle Associates Ltd, Salter Road,
Scarborough, YO11 3UZ,tel 0723
585 250.

® Mullard have issued a series of
technical notes on their range of
varistors, thermistors and sensors.
The operation of the devices is ex-
plained and the notes also include
a guide to the characteristics of
various types and hints on select-
ing a device for a particular appli-
cation, Mullard Ltd, Mullard House,
Torrington Place, London WCIE
7HD, tel 01-580 6633,

@ Alpha Electronics have a wide
range of test equipment for hire
and can also repair and re-cali-
brate instruments, Their 16-page
brochure and price flist can be
obtained from Unit 5, Llinstock
Trading Estate, Wigan Road, Ather-
ton M290QA, tel 0942-873434, 0r
from 73, Wester Broom Drive, Cor-
storphine, Edinburgh EH12 7RR,
tef 031-334 5107.

Versatile
Mercury
Switches

A new range of mercury move-
ment sensors from Saunders-
Roe Developments combines
small size with an unusually rugged
construction, and offers consider-
able possibilities in movement
detection and measurement.

The three switches in the range
are all housed in welded steel
cases similarin appearance to tran-
sistorcans. This constructionallows
them tobe made both smallerand
far more rugged than the tradi-
tional glass-encapsulated mercury
switch.

The switching functions avail-
able range from a simple on-off
movement sensor through to an
omni-directional sensor which
has twelve independent contacts.
When the switch is moved more
than 8° the ball of mercury will

form connections between groups
of pins, and by digital analysis of
the pin conditions it is possible to
sense both the magnitude and
direction of movement and also
1o monitor rotational movement.

The switches are manufac-
turered under strictly-controlled
conditions in order to reduce the
risk of oxygen-related failures.
Saunders-Roe claim a life expec-
tancy for the devices well in excess
of 250,000 cycles. They can also
provide samples of the switches
manufacturerd in accordance with
defence standard 05-21.

The switches are available from
the manufacturers in both large
and small quantities at prices from
around £1.50 to £4.00. Saunders-
Roe Developments Ltd, Hayes,
Middlesex, tel 01-573 3800.

ETI PCB

Service

A s regular readers will know
there have been continuing
problems with this service, and we
have once again found it necessary
to leave the PCB order form out of
this issue.

We have now located another
supplier who is not only well-

equipped technically to handle
the service but also has direct
experience of the hobbyist mar-
ket. This was felt to be important
in the light of our previous ex-
periences.

Work has already started on
clearingthe backlogofordersand
wehope tobeinapositionto start
handling new orders by nextmonth.
Inthe meantime, we hope you will
accept our apologies for the
suspension of the service.

® The darnaged No.4 reactor at
the Chernobyl nuclear power
plant has now been completely
entombed, along with a number
of instruments to enable en-
gineerstomonitor thestill highly-
radjoactive core. Meanwhile, the
No.1 reactor has been restarted
and there are plans to start up
reactors no.2 and 3 in the near
future. Work is also expected to
go-ahead on the half-completed
No.5 reactor.




Z- Zenith Electronics.®

Kits — Modules — Hardware

YOU KNOW US FOR OUR TRANSMITTER KITS - NOW
TAKE A LOOK AT OUR GROWING RANGE OF
QUALITY KITS AND READY BUILT PROJECTS;
MODULES AND ELECTRONIC HARDWARE.

The following are examples of our
proven product designs in kit form:

¥ Miniature FM Transmitter; 60-145MAz. Kit £6.95;R/Built £8.95
¥ 3-Watt FM Transmitter, 80-108MHz. Kit £13.99; R/Built £18.99
¥ 10-Channel Variable Speed Rumning Light; Drives LED's or ma-
ins lamps; Xit £14.97.

3-Note Eiectronic Door Chime unit; 9Volt operation, 3 melod-
ious tones; variable frequency; Kit £9.83.

300-Watt Light Dimmer unit for 240Volt mains Jights Kt.£5.95
5-Code Digital Code unit plus Key Pad - select own code; 9V.
kit £14.21.

SW-100Watt Electronic Loudspeaker Overload Protector, adjus-
table; kit £11.11.

VU Meter 10-LED indicator; -5 to +12dB range. Kit - £12.59
Automatic light controller; automatically turns on & off 1i-
ghts at pre-set times & triggered by darkness; Kit - £25.08
Mains Wiring & Metal Detector; complete with case; £11.00
Digital Clock module; 12-24 hour timing;

LED type - £17.49, or LCD type - £22.80.

Amplifier Power Meter; 10 - LED indicateor from 0.25 - 100Watt
Input - 9 Volt operation; Xit £9.52.

Light sensitive relay unit; variable sensitivity trigger con-
trol; senses light or dark - selectable; Kit £8.45.

ALL XITS CONTAIN FULL INSTRUCTIONS: P.C.B's AND COMPONENTS

ALL PRICES INCLUDE VAT AND POSTAGE & PACKING. | S,A.E For- *
OVERSEAS ORDERS - ADD 10% TO ABOVE PRICES. LALS

Data Pack *
PLEASE SEND CHEQUE OR POSTAL ORDERS WITH ORDER.
14,Cortiandt Business Centre, Hailsham, E.Sussex, UK,

BN27 1AE. Telephone 0323 - 847973 or 04353 - 2647

*

* *

*

* %

* * ¥

*

PRACTICAL ELECTRONICS STEREO
CASSETTE RECORDER KIT £19.95

* Noiss Reduction System wx Auto Stop » Ta
Counter » Switchabie Eq » Independent Leve!
Controls » Twin VU Meter + Wow & Flutter 6.1%
+* Record/Playback I.C. with Electronic Switching 3
* Fuily variable recording bies for accurate J
matching of ail tapes, Metsl, Chrome, etc.
KHt includes transport mechanism, ready
unched and back printed quality circuit
goard and all electronic parts. i.e. semicon-
ductors, resistors, capacitors, hardware,
top cover, printed scale and mains transformer.
You only supp'; the solder and hook-up wire. Complete
As featured In P.E. reprint 50p. Free with kit. with case. -

125W HIGH POWER
AMP MODULES

The power amp kit s a moduie for high power
apg:;catg:’ns - dis:co unltsaguitarhalmp ifiers,
Public address systems and even high power
AMP MODULE he unit is protected agalnst

. domestic syatems.
KIT £1 2 00 ‘ short c}’rcultlng of the load and is safe in an
" g open circuit condltion. Supplied with ail parts,

+ £1.15p+p. circult dlagram & instructions.
ACCESSORIES: Stereo mains powar supply wi/transformer —

AMP MODULE gag()) :2252w00LD&g. S:ECIF’ISAT’I‘ONS:FMax output power

: . Loads: 4 — ohms. Frequency response

BUILT£1 7.50 measured @ 100 watts: 25Hz — 20kHz. Sensiticgity lgr 100

+£1.15p+p. watts: 400mV @ 47K. Dimensions: 205 x 90 and 180 x 36mm.

Built and ready-to-use version with all accessories
Including power supply and case £42.50 +z200 pap.

VHF STEREO TUNER
K'T o £8-95 + £2.50 p+p. -

Easy to build 3-band stereo AM/FM tuner kit <
designed In conjunction with PE. For ease of construction

and alignment it incorporates 3 Mullard modules and an I.C. IF. System.
FEATURES: VHF, MW, LW Bands, interstation muting and AFC on VHF. Tuning Meter.
Two back printed PCBs. Ready made chassis and scale. Aeriai: AM — farrite rod. FM
— 75 or 300 ohms. Stabilised power supply with ‘C’ core mains transformer. Alf com-
ponents supplled are to'strict P.E. specification. Front scale size: 102 x 2%2" approx.
Complete with diagram and instructions.

Mail to: 21 HIGH ST, ACTON Mail or telephone orders by
W3 BNG, Callers to Acton or ACCESS. Tel: 01-992 8430.

323 EDGWARE RD, LONDON
RiThV|IC

W2. (Open 6 days a week),
Please allow 14 days delivery.
Payments to RTVC Ltd.

MAINS
CONDITIONER

FEATURED IN ETI,

TACHOMETER AND
DWELL METER

FEATURED IN ETI,

SEPTEMBER 1986 JANUARY 1987
aston MOTORISTS QUIZ
Itis e bu;,;?guwd to"x;iirzht :;&;ud {& m\gmﬁe

i-fi aquipment, and than

connect it to a noisy, spiky
mains supply. Rather
like buying a Ferran and .
trying 10 sun |t on parafim. you might thmk. Expecting
crystal clear sound, the poor music enthusiast ends.
up with a muddy, confused mush, and feels that
na has soMenow baen cheatdd. ‘Is thes hi-fi?
My musc centre sounded just as good!’

The damestic mains supply is nddled with
AF interference, noise, transient spikes, and
goodness knows what ois6. Computars crash,
radios pop Bnd crackle, tape recordings are spoded
and hi-fi saunds “aot qute nght' Why put up with
it when the z0lsbon i$ 50 Smpla? The £ maing
condnioner 1S the iowest cost upgrace you will ever
buy. and peobably the maoet etfectival

Our approved parts set consists of PCH, all
components, Loroki”, eramallad wire., fixing tes.
fast response VDR®, and full instructions.

ETIMAINS CONDITIONER PARTS seTony  £4.60!

*Note: {he lormid end VOR supplied ate supatior
ta the types specified i the aride

sound ol 3 horn makes you
look betind, The driver of a 5
milk fioal i cursing you for B
driving $0 slowly. A widia [aler, an invaiid camage
overtakes you, anolustasynumm:moywrdrwezg
hear a tractor drver mutter “At last § can gel out of

Do
a) FnZ?l.r‘oc Pie-in-ear In-cat steyeo with digdal figxi-
oy am‘!24—b::ev:’n$lmuﬁon? =
b) & set of ful sticker saying "My other
) cari Mz:aor”!‘”

wsa
€) Geve your cat i part cxchange kr a milk fioat! mvalit
iagey racior?

CATiag
d}_Tune your engine.

The combined tachometer and dwell meler parts sl
COMaINS: Case wih baftery CoMpariments; prmied circudt
board; #fl components: switches: phug, socked and last
leads: battery full i The 1o
the quiz. by the way, I3. 8} Buy & bright red Lolus Espril

TACHOMETER AND DWELL METER PARTS SET
£12,90 {with terminals for axtomal meter)
£16.40 jwrth ssif contained mster)

MAINS
CONTROLLER

FEATURED IN ET1,

POWERFUL AIR
IONISER

FEATURED IN ETI,

JANUARY 1987 JULY 1986
oty i i

outpyts * What on earth can 3

You controt with & otput? curing hay fever and ¥

Alorchbulb? asthma 10 Improving concentration and putting an end.
The ET1 Mains Controfier e & logic to mains smarface o insornia Although some of the clasns may be

which aliows you 0 control ioada of up 10 S00% Irom your
axrputer ocOgic QrTus. An opXo-coupler gives isolation of
mlemz‘m.mmwmwmmmm
: oo The DIRECT FON lonises caissed a great deal of

complate sajely. Follow your compeser sdordace with 3 maing exctament when it appea 5
mmlr:-aﬁyw’nraa'ymnmmaumbc Y 5 bty

The mains conbrolier Connpets dinectly i moet TTL.
tamilies withait external componerts, and can be anven by

rESBIE.

exaggerated. there s ng doub! thal wnisad 2 is much
cleaner ang purer, and seems much more
than ‘dead’ ax.

CHOS wilh ine adcHIon of 2 krarusior and two s wal
5 Wo cant supply 2 maiched set of parts, fully

Your mawns coniroliar parts set conaing. high quakity milker appeoved by the desiner. Lo buld this unique progect.
¥ned PCB, MOCI021 opho-coupies: powar iiac with The sat i 8 tnned printed circuit board,
Peatzan, ing hardware and heatsink «ll 66 components, case, mains iesd. and even the parks
componants. including snubbar COMPONGNLs lar swilching for the tastar. Acconding to ong cusiomer, the set costs
nCuchve koad; iransisior and ressons for CMOS intertsce. “about a ihird af the pace ol the indradual comgonerts”.
Rl InSrCtons What moe 630 we say?
MAINS CONTROLLER PARTS Instructions are DIRECT ION
SET £6.20 inclded PARTS SET £9.50

LM2917
EXPERIMENTER SET

Consists of LM2917 [C, spacial primed ciroult board and
detaded i fions with data and cwouns for eight
Gifferent progects lo build. Can be used to expeament
with the clecults in the ‘Next Great Littie iC” feature.
{ETt, December 1986).

LM2917 Experimenter Set £5.80

MATCH BOX
AMPLIFIERS

20W Single iC parts sot £6.50
50W Bridge Amplifier parts set £8.90
L165V Power Amplifier iC, with data, £3.90

Orders should be sent to Specialist Semiconductors
af the address beilow inciuding 60p towards postage

and packing. Please allow up 1o 14 days for deiivery.
Thare is no telephone service at the moment, but al!
lenters or requests for lists will be answered (at top
speed if you send SAE))

12

RUGGED
PLASTIC
CASE,

Until Cecember 31ss,

©ur hast-selling ionises set is
avarable with 2 special white case at the same price
as the gtandand ionisar!

suabie for mams condinones
(B e WHITE IONISER
ONLY £1.35! PARTS SET ONLY £8.50!

cMICONDUGLORS

FOUNDERS HOUSE REDBROOK MONMOUTH GWENT

ETI JANUARY 1987
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DIARY

CIMAP — December 1-5th

NEC, Birmingham. See December "86 ET| or contact Independent
Exhibitions on 01-891 3426.

Satellite Communications — December 2-4th

Wembley Conference Centre, London. Conference. Contact Online
on 01-868 4466.

Television Sound Seminar — December 5th-7th

University of Warwick. See December ‘86 ET! or contact the Royal
Television Society on 01-387 1970.

The Effect of the Defence Sector on the UK Electronics Industry —
December 9th

The IEE, London, 2.00pm. Discussion meeting. Contact the |EE at the
address below.

Electrical Generators for Wind Energy Recovery — December 10th

The IEE, London, 2.00pm. Discussion meeting. Contact the IEE atthe
address below.

Cryptography and Coding — December 15-16th

Royal Agricultural College, Cirencester. Conference. Contact the
Institute of Mathematics and its Applications on 0702-612 177.
Expert Systems ‘86 — December 15-18th

Metropole Hotel, Brighton. Technical conference organised by the
Specialist Group on Expert Systems of the 8ritish Computer Society.
Contact 0273-694 079.

Optical Mass Data Storage — December 22nd
The [EE, London, 6.30pm. Contact the |EE at the address below.

The Impact of ASIC on Equipment Design — January 14th

The IEE, London, 6.30pm. Colloguium on Application Specific Inte-
grated Circuits. Contact the |EE at the address below.

Design and Measurement for EMC/RFI Management — January 19th

The IEE, London, 2.00pm. Discussion meeting. Contact the IEE at the
address below.

Television Studios from Analogue to Digital — January 21st
The IEE, London, 6.30pm. Contact the IEE at the address below.

The Third High Technology and Equipment in Education Exhibition —
January 21-24th

Barbican Centre, London. Exhibition and conference coveringallareas
of educational and training technoiogy, etc. Contact Christine Smith
on 01-608 1161.

Testing and Inspection of Electronic Components and Circuits —
january 22nd

The IEE, London, 6.30pm. Contact the IEE at the address below.
Digital Signal Processing — january 26th

The IEE, London, 6.30pm. Contact the IEE at the address below.

The Which Computer? Show — February 17-20th

NEC, Birmingham. Computer Show which aims to cover all aspects of
business computing from personal microcomputer systems upwards.
Contact Cahners Exhibitions Ltd on 01-891 5051.

Computer North — May 27-29th

G-Mex Complex, Manchester. Business computer show. Contact

Cahners Exhibitions at the address below.

Addresses

Cahners Exhibitions Ltd, Chatsworth House, 59 London Road,
Twickenham TW1 35Z, tel 01-891 5051.

Institution of Electrical Engineers, Savoy Place, London WC2 OBL,
tel 01-240 1871. ET'

ETI JANUARY 1987

HIGH SECURITY LOCK KIT

esigned far use with our lock mechanism
{701 150} this kit witi operate from a V10 15V
supply_drawing a standby current of omK
5QuA. There are over 5000 possible 4-di

combinations and the ssquence can
easyly changed. To make things even more
difficult for an unauthorised user an alarm
can be sounded atter 3to 9 incorrect entries -
selectable by means of a link. The alarm can
sound for a few seconds to over 3 minutes

for CATALOGUE

(refundable with first order)
ORDERS: RING (01) 567 8910 - 24 HRS

[OL3000K -3-channel sound 10 kght kit f2atures 2600

the abova. Zerp switching to reduce
Interference

Optional opto tnput allowing aude  dearMight
response (OLA/1) 70p|

during which time the keyboard is )
preventing further entries. A latched or
momentary output s available making the
unit ideal for door locks, burgiar alarms, car
i dlisers, et¢,"A keyboard or
pushbutton switches may be used and abeep
sounds when a key is depressed. Kit includes
high quality PCB. all components,
connectors, high power piezo buzzer and full
assembiy and user instructions,

XKI2NLO TRttt e s vva £15.95
350 118 Set of Keyboard Switches ...£4.00
KB12S 12-Way Membrane Keyboard .£6.91
701 150 Electric Lock Mechanism .. £16.50

HOME CONTROL CENTRE

This kit enables you tocontrot up to 16 differ-
ent appllances by means of coded pulses in

the mains wiring which may be decoded by
spscial receivers anywhere in the house. The
transmitter may be controlled manually or by
the computsr interface enabling your
tavournte micro to maka your coffee in the
morning, switch lights anywhere in the
house, Of your electric blanket in your
bedroom. Just think of the possibilities —

fmanuai sequence speed adjustment. zero voltage

| vottage 0. level control and built-im
microphans. 1W per channal £14.254

The DLBOOOK 1S an 8 way sequencer Kit with buikt
in opio-solated sound 10 Ight inputl winch ComMas:

Flete with @ pre-progs EPROM containing
EIGHTY - YES 801 differem segquences including]
standard flashing and chase routines. The KIT|
Inciudes full instuctions and all components {even
the PCB coanectors) and requires ordy & box and a
control knob to compigle Othed features include|

switching. LED mamic lamps and sound 1o light LED!
and 2 300W outout per charnel And the best thing
about it is the price ONLY £28.50

and no winng!
This kit comprises a transmitter with pre-
dritled box and two receivers.

£46.20

XKt12
XK 111 Additional receivers £11.00

VERSATILE REMOTE
CONTROL KIT

This kit includes 2
all componeats |
{* transformer)
1o make a sensi-
tive IR receiver
with 16 logic out-
pots (0-15V) which with suitable interface
circuitry (relays, triacs, atc - details suppliad)
can be used to switch up to 16 ftlems of
equipmant on or olf remotely. The outputs.
may be latched (to the last received qod\a) or

DVM/ULTRA SENSITIVE
THEHMOMETER KIT

and a 3% digit liquid
crystal display, this kit
will form the bas:s of
§ a dighal muitimetar
{only a few additional
reststors and swiiches:
are required — detalls

phac). of a ageal it -

50°C o = 150°C}) reading 0-1*. The kit has a
sensifivity of 200mV for a tull-scale reading,

momentary {on during tr ission
specifying the decoder IC and a 15V stabil-
ised supply Is available to power externai
cCircuits
Supply 240V AC or 15-24V DC at 10mA_
Size {excluding transformer) 9 x 4 x 2 ems.
The companion transmitter s the MK18 which
operates from a 9V PP3 batery and gves a range
of up o B0ft. Two keyboards me available MK (4-
way) and MK10 (16-way). depending on tha numbar
of oulputs 1o ba used
MK 12 IR Recever {indl. lransiomer’
MK18 Transmitter ..
MK 4-Way Keyboard
MK10 16-Way Keyboard
601 133 Box lor Transmitter

£14.85

£5.95
£2.60

With hundreds of usas In daors, garages, car
anti-theft devices. electronic equipment, etc.
Only tha comrect easily changed four-digrt
code witl open it Requires a 5V to 15V DC
supply. Quptut 750mA. Fits into standard
electrical wall box, Complete kit (excl. front
panel) XK101 £

701 150 Blectronic lock mechanism for use
with the above Kit £16.50

e polanty and overload Indicabon
Typical battery hie of 2 years (PP3),

£17.00

hess kifs contan all necessary components ars
fuR instuctions and are designed o replace a
stancasd wall switch ang control up to 300w ol
lighting,

TOR300K  Remote

Conuol Dvmmer £16.45

MKE Transmilter

for above £4.95

TD300K Touchdimmer £8.50

TS300K Touchswtch £8.50

TOEX Extansson kit for 2-way

fswitching for TD300K £2.7¢
/

. Y o

ELECTRONICS

Tel: 01,567 8910

ORDERING INFORMATION:
ALL PRICES EXCLUDE VAT

FREE P&P on orders over £20 (UK only), otherwise add
75p + VAT Overseas P&P: Europe £275 Elsewhere
£6.50. Send cheque/PO/Barclaycard’/Access No.
with order. Giro No. 5293 14002,

LOCAL AUTHORITY AND EXPCRT CRDERS WELCOME
GOODS BY RETURN SUBJECT TO AVAILABILITY

13 BOSTON RD
LONDON W7 2SJ

SEND 9x6” S.AE.

AND 50p FOR CATALOGUE
OR CALL AT SHOP
MON-FR! 8-5 pm
SATURDAY 10-4 pm
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LETTERS

READ/WRITE

Down To Earth Solution

Dear Sir,

Reading a recent letter in ETI
regarding the Upgradeable
Amplifier (ETI November 1986), it
struck me how much heartache
something like a kit hi-fi amplifier
must cause, especially if it features
options, upgrades or is in modular
form.

First there is the trauma of
deciding whether to go for ‘bare
bones’ or the whole lot, then hand
to hand combat with Murphy’s
law in the construction and use of
the item. [nevitably, however, the
equipment will eventually become
outdated,

Assuming the item is still
working, the dread day can be
delayed by modifications,
upgrades or replacement of
strategic modules, inviting yet
more wallet-busting and probably
guilt in those who have families to
support. But then the next great
’breakthrough’ comes along and
with it a new kit (complete with
options, upgrades or modules, no
doubt), and the punter is faced
with a choice. On the one hand,
the new stuff is described in
glowing terms, offering improved
specifications and a hugely
improved performance compared
with equipment built onlr‘ ayear
or two ago. On the other hand,
there is the sentimentality of '
buiit it, had it all these years,
carried out all the repairs myself’
and so on. He or she could always
try selling it, but the going rate for
kit-built equipment is not terribly
high and won't even pay the
interest on the loan for the next
generation of equipment.

In order to overcome these
groblems, | would like to suggest a

io-degradeable amplifier project.
It would use components that
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waste away (I know already of
capacitors that rot) and perhaps
would become t1uieter with age,
fading away until it became a mere
whisper or went literally to seed.
Just as in life the circuit boards are
a riot of colour with their multi-
hued components, so in death
they could bloom forth in the form
of lichen, fern or whatever. The
replacement amplifier would be
bio-degradeable too, of course . . .

Yours under medication,

Michael Gundy,

Hirwaun,

Mid Glamorgan

Some Are More Equalised . ..

Dear Sir,

I write conceminij eff
Macaulay’s reply to the query
raised by a reader, B Wadsworth
(ETI November) asking the
accuracy of the RIAA replay in his
preamplifier. Whereas what is
”good enough” may be a matter of
opinion, mathematical accuracy is
a very different thing.

As | understand the circuit, the
%?in varies directly according to
the net impedance of the four
components making up the RIAA
network (similar to the valve
circuit but with different values).
Taking components with 5%
variation as shown here, the
impedance A to B at 1kHz is
36.7505k ohms. At 150 Hz, the

impedance is 99.1148k ohms
which is 8.1679 dB above the
1kHz figure. The RIAA
requirement is +10.271 dB.
Again, at 30kHz, the
impedance is 3.033k ohms or

R3 =330k —5%
R5 = 33k +5%
C2=2u2 5%
C3= 10n +5%

—21.66 dB as compared with the
RIAA figure of —23.12. Neither of
these are within the claimed

+ 1 dB and this error is
widespread.

But of course, the difference is
not due principally to the 5%
tolerances but to the original
values for the components not
being in the correct ratios for an
accurate response. These are:-

R;/R;=12.38
R;C, =81.1us
R;C; = 2937us

Using these ratios and
components of 1% tolerance, an

accurate RIAA response is assured.

Yours faithfully,
Steve Newing,
Batley,

West Yorkshire

AUNTIE STATIC’S PROBLEM CORNER

Dear Auntie,

Having read the article in ETI
November 1986 on bio-feedback, I
must say I find it very interesting
and will be dabbling with the bio-
feedback monitor. I would like to
know if you could give me a book
list on this subject. Thanking you.

Michael C. Walker,

Woodlesford,

Leeds.

I have received a number of requests
for further information on
biofeedback, and | hope readers will
forgive me if | do not answer them all
individually. There are so many books
on the subject of bio-feedback that it is
hard to know where to begin. A good
introduction is: ‘Biofeedback And The
Control Of Internal Bodily Activity, by

R.M, Stern and W.). Ray.

On the topic of stress and disease,
an essential book is Walter Cannon’s
The Wisdom Of The Body’, published
by W.W. Norton. The book was written
in the 1930s, before the term
biofeedback was coined, but contains
a great deal of background information
about the autonomic nervous system.
1t was Cannon who first identified and
named the ‘fight or flight’ response.
Other books on the subject include
‘The Relaxation Response’, by H.
Benson, published by William Morrow,
and ‘The Stress Of Life’, by H. Selye,
published by McGraw-Hill.

For the design of biofeedback
equipment, a good book to start with
is ‘The Design Of Electric Circuits In
The Behavioural Sciences’, by T.N.
Cornsweet, published by Wiley.

— Auntie,
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AN ARGUS SPECIALIST PUBLICATION

INTERKATIONAL

YOU NEVER KNOW WHAT A YEAR WILL BRING .

THE ET]1 GEIGER RATEMETER AND
COUNTER

Unfortunately, radiation measurement wili never go out of
fashion. As long as there is a chance that Three Mile Istand,

Chernobyl and Sellafield will be joined by more names in
the future, there will be a need for information. The ETI
ratem eter/c0unter is awell-thought out design intended to
detect general radiation levels above background and for
checking specific items for radioactivity. The detector unit
uses no ICs as a safeguard against radiation damage and the
circuit is partly driven by regenerative feedback from the
detector output. The unit provides audible and visual
indications of radiation level and features rate and count
outputs. More than that, designer C.}. Seymour describes
the principles behind this design and clears away much of
the confusion surrounding radiation units and measure-
ments.

A QUESTION OF BALANCE

ETV's favourite athlete {mine’s a pint, please), Barry Porter,
discusses the ins and outs of balanced lines, dropping a few
circuitideas and Boltzmann’s constant on the way. Ifyou can
standthe puns but not the hums, come phase-to-phase with
this Porter’s balancing act and get to know all you need to
stay upright on the audio tightrope.

SCHOOL FOR CADs

We take a lingering look at a variety of cheap circuit design
and PCB drafting packages for the BBC micro, and conclude
that computer-aided design of surprising quality is within
the hobbyist’s grasp.

PLUS

All our regular features, letters, news, views, reviews, free
readers’ ads, Tech Tips and more.

... BUTYOU CAN COUNT ON ETI IN 1987
THE FEBRUARY ISSUE OFETI — ON SALE2nd]ANUARY

Alf the articles above wre t an advanced stajge of preparation, but mstances beyend our cantrol! may prevent publicat

£500 of Electronic Equipment
to be WON in the new

irki

catalogue.
% 164 pages featuring over 3,000 lines.

yes 5 g ,,\% % Many new products, plus all the old

=S &= &S favouri
;ff\ :S\\\Q\ ;&' . a tes
%155\ § ‘N Y S8 worth discount vouchers
= REFFS
o 8 : ;
== §§ SR % £500 worth of electronic equipment
= S°F £ and components to be won in our

catalogue competition.

% Look out for the Blue catalogue at your
newsagent from 16th October or direct from the

fl: _ .\I./’ [[

‘Q Broxbourne or at 53, Burrfield Road, Portsmouth.

Cirkit Distribution Ltd e —

Park Lane, Broxbourne, Herts, EN10 7NQ Tel: (0992) 444111, Tix: 22478 A et
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LIGHTING

THEATRE — BAND — DISCO — CLUB

At MJL we supply a range of stage lighting
equipment within everyones budget. With
world wide sales we have the backing and
expertise to deliver just the system you need to
‘Light Up’ that Play, Gig or Dance Floor, from
Basic 6 channel dimming to 30 channel rock
mixing desks. So if you are a lighting engineer,
stage manager or rig technician, or simply an
amateur Drama group, we're the Professionals.

Write to:

MJL (International) LTD.
45 Wortley Rd., W. Croydon,

FOR FREE COLOUR BROCHURES |

OSCILLOSEOPES
;ELEOUIPMENT D75 Dual Trce SOMKz Ustay

COSSOR CDY150. Dual Trace 35MHz Solid sme
Portable 8xX10cm d‘splay wlm Manual. . ... mo
B0ULD 05255. Dual Trace 15MHz
TELEOUIPMENT D61A. Dual Trace 10MHKz W;\h
T T Siieihir S ads SO PIRTAY Spie
SE 1ABS SM111. Dual Trace 18MHz Solid Smte
Poriable AC or Extemal D operation 8x10em drsplaay
With Maaual . ..oooiuniianiaanariicenns 14}
TE].EQU!PMENT D43. Dual Trace 15MHz tv{gg
TB.EUUIPMENT S54A. Single Trace 10MHZ So[id
State. With Manual. .. ... .cooeivnnionnn
!s’hihps Pr3230 Dual Beam 10MHz Soln:l
AT s S i S 1

COMMUNICATION RECEIVERS
Racal RA17L 500KHz-30MHZ . . . BNLY £140 sich witht
marmal
Eddystone 730/4 480KHz+30MHz oaly £110 each
with manual

SPECIAL OFFERS

B + K Precision CRT Restorer Analyser Model 467._

Supplied wih 2 bases and Mamal. PGP £7) OMLY
LABGEAR Colout Sar Generator KGi- e' Tw Pattems.
(IR e R & 240 each

LROSSHATCK GENERATOR nmu
Dms’sawmﬂmsm‘a RF & Vigeo Outputs Tuner
Control (P&F S4) .. ...... . #10
Degaussmg Coiis (PAP 84) .. .. ...ooooonntn £20

MULTIMETERS

AVO 9 Mk 4 (Idertical to AYO 8 Mk 4 but scated dif-
ferently) Complete with Battenes & Leads. .. £55
AVO 8 Mk 2 Complete with Batteries & Leadsg4s
Above Items in GOOD WORKING ORDER -~ appear-
ance nogm hence the price

AVO TEST SET No 1 {Military version of AVO B}
Comptele with batteries. leads & Carrymg

canying casg
AVO Modet 73. Pocket Multimeter (Anaiogue) 30
ranges. Complete with batteries & leads. . . ... £18
AV072 - Similar to above tut e AC current range.
With batteres & leads .. .............--- £10

AQVANCE/G0ULD mms
Auto ranging. max mdlng 20 000 Ag!m volts -
only €5

ADVANCE AW SIGNAL GENERATOR 56628 150 K
ST ANGE Ay SIGNAL GENERATOR Type 62 '|'sb‘mz
DRI U s e b e e b 0
METRIX WOBBULATOR Type 210 5220Mtz . .. £20
PHILIPS WOBBULATOR G128778 5-220Mbz & s

(PAPIEA) e w e s G g
EACAL oMz DNIVERSAL COUNTER TMER Tpe

MARCONI TF2604 {Later version ot TF 1041 VTVM)
20;-1500Hz. AC/DC/Ohms AC_ 300mV-300
F

{P&P
PHlLIPS CDLOURBAR GENERATOR typr 5508 V’ndeo
oot Many FURCTIONS .. .. oooeeoroaananeonn £125

AY0 TRANSISTOR TESTEB 11189
Handled. GO/NO GO for In-situ Testing. Complete

NEW EQUIPMENT

HAMEG OSCILLOSCOPE 605 Oual Trace B0MHZ
Dei»al Sw& Cal i Tester, . ..-... 57
HAMEG 0SCILLO PEZOZGDuaiTm&MHz
[ Tester With 2 Probes ........ £298

with batterias, le2ds &
{p&p £3) KOW ONLY £12

Al Other Modals Avaitable

ISOLATING TRAMSTORMEAS
240V INPUT - 240V OUTPUT
500 VA £15e2 P&P €5 100 VA £6za PP £2

BISK DAIVE PSU.240V TN: 5W T.64 & 12V 1.5A wi
Size: W125mm, H79wm. Dig0mm. Cased. VUz-ssed.

BLACK STAR FREQUENCY COUNTERS P&P £4
= 100MHz £09

Metoor 300 ~ 1GHZ .. .« . ... ouonocnne
BLAGK STAF J‘UPITOP $00 FUNCTION GENERNOR
A KH

r‘UN“" CHANG JHM 030 3t dight Hand hddm

Oniy £18.00 sch (PP £2) ‘ 4 3
Q keyboard (as in Lynx Mi 10 make nnges rcudng 10 Arw AC/DC 0 1% Complete wi
Surrey, U.K. CR0 3EB Query keyhos (s n yms i) Push ke | 2030 ST A )
GSCILLOSCOPES PAOBES. Switched x1. x10. PSP
. Various 5 %" Floppy Disk Drives 2nd Stepping
or Phone: Motors Avaable TR I L R R 211

Used equipment - with 30 days guaraniee. Manuals sumplied 1 possidle
This is a VERY SMALL SAMPLE OF STOCK SAE o Telephone for Lists. Please check availability betore
ordenng, GARRIAGE ali nits £16. VAT :o be added 1o Tot2l of Goods & Camage.

== STEWART OF READING ey

110 WYKEHAM ROAD. READING, BERKS RG6 1PL

01-689 4138

Telephone: 0734 68041Cailers welcome 9 am - 5.30 pm Mon.-Fri. {until 8 pm Thurs.}

SPECIAL OFFER ... SPECTRUM AND BBC OWNERS!

Computers In Control At An Affordable Price
DCP Interspec: only £29.95 for ZX Spectrum owners (normally £49.95)
DCP Interbeeb: only £49.95 for BBC Micro users (normally £69.95)

The DCP interfaces are tried and trusted add-ons
which will bring your computer the full benefits
of interfacing. We hope to follow-up this offer
with occasional projects for these highly-
regarded units.

To order by post please send the order form {or copy) with your remittance to:
ASP READERS’ SERVICES (RO ET5/6), 9 Hall Road, Maylends Wood
Estate, Hemel Hempstead, Herts.

Please make cheques payable to ASP Ltd.

Phone ACCESS or VISA only: 0442 211882
The Interspec and Interbeeb both include the following

----——————————-——--------c— features:

Order Code RO ET5. Please supply ....... Interspecs ! *8-bit input port

at £29.95 plus £1.95 p&p. per order. I *gbitoutput port
' ) i * four switch sensor inputs
' ur swi nsor i
; Order Code RO ET6. Please supply ....... Interbeebs ! *four relays switching 12V 1A outputs
3 at £49.95 plus £1.95 p&p. per order. ' * 8-channel multiplexed analogue-to-digital converter
' : * 15-way expansion bus
0 NI SRR A e e SRRSO S 106 oot T Al parts are 1/0-mapped (including the expansion bus) and
5 ADDRESS ' have been designed for maoximum compatibility with
' D R R S R R N I I I R IS B R Y B R N B . I exisﬁngpeﬁphexds.lnaddiﬁontotheabovefacmﬁes’the
Ty L A Y BB s SO DO S AT R Shaisierele Interbeeb includes a separate power supply (the Interspec
3 i takes its power from the Spectrum edge-connector) and «
: 9% 0 o-0 dlna'alara 0's e allsein e 0.0 6ls e e e s a0 e nenes s s eoen 1 pxecisionz_svvoltqgexeferenceinthemc(thelntexspec
- ] uses a simple zener diode reference). The ADC is based on
; Or, i authorise you to debit my : :eqiio:x:::::f:s% has a stated conversion time of Ims and
3 ACCESS/BARCIAYCARD NO.....ccvvvvrennneanns " S
) tothesumof£............. Signed ....... e seong These units are extremely easy to use and are supplied,
§iiProase Allowtip to 26 days fobbelivery. built and tested, with all the documentation necessary to

R e L get you up and interfacing.
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THE MIDI
INTERFACE

The Musical Instrument Digital Interface (MIDI)
standard has been around for quite a while now, but
there still seems to be some confusion about its operation
and the level of compatibility it offers. In the first of two

articles on the subject, Alan Robinson explains how MIDI came

FEATURE

about and takes a close look at the hardware.

us a vast new range of sounds, it has also made

possible new ways of creating and performing
music. As soon as sounds could be created entirely by
electronicmeans, itbecame possible tolink instruments
together and control them in ways never previously
possible.

The early synthesisers, for example, could be preset
to generate a complex sound and then triggered by a
foot pedal to produce that sound when required. Better
still, the signal from the keyboard of one synthesiser
could be used to control both the sound-generating cir-
cuits ofthatinstrumentandalsothose ofasecond instru-
ment such as a string synthesiser. in this way, a musician
could use one master keyboard to control a wide range
of synthesisers and effects units, removing the need to
use several complete instruments.

The advent of electronic memory chips added a
further dimension, allowing a series of notes to be pro-
grammed into adevice known asasequencerwhich was
then used to control a synthesiser. Bass riffs and other
repetitive backing phrases could thus be preset and
brought into play at the touch of a button.

T he use of electronic synthesis has not only brought

Mono-Poly

In the days of monophonic, analogue synthesisers all
this could be achieved using just two control signals
between instruments, a gate voltage which indicated
when a key was depressed and a control voltage which
varied with the pitch of the note. The development of
polyphonic synthesisers (that is, instruments which can
sound more than one note at a time) and the introduc-
tion of touch-sensitive keyboards made it necessary to
transmit far more information that the gate/CV system
could handle. The result, after a period during which dif-
ferent manufacturers adopted incompatible systems,
was a general standardisation on the MIDI system.

ETI JANUARY 1887

The standard came about as a result of discussions in
1981 and 1982 involving various musical instrument
manufacturers, notably Sequential Circuits (SCI) and
Oberheim in the USA, and Roland, Yamaha, Korg and
Kawai in Japan. Its existence was firstannounced publicly
inRobert Moog's columnin the October1982 edition of
Keyboard magazine,

Key Codes

MIDl is capable of far more than just turning notes on
and off. When a key is pressed, ‘note on’ information is
transmitted, with the keynumberand the key velocityas
well. Keyboards whichare notvelocity sensitive transmit
adummyvalue haif way between the possible extremes.
Similarly the ‘note off’ information transmitted when a
key is released also contains release-velocity informa-
tion, and again, keyboards that are not velocity sensitive
transmit a dummy median value. Keyboards that are
pressure sensitive can alsotransmit‘aftertouch’ data, or
the force the keys are held down with.

Every time keyboard codes are transmitted, a chan-
nel code from one to 16 is transmitted along with the
data. The receivinginstrument can be assigned to one or
a number of these channels, accepting only the codes
thatare meantforitandignoringthe rest. Otherinforma-
tion that can be sent includes pitch bending and modu-
fation, program changes, songselection, real time clocks
which allow independent sequencers to synchronise to
a common master clock (for example, to allow a synthe-
sizer sequencer and a drum computer to play together)
and, as they say, much, much more.

All this information is transmitted in serial form, not
unlike the RS232 serial interface used between com-
puters but with a much higher data transmission rate.
The meaning of the codes transmitted is standardised to
a very large extent so that equipment from different
manufacturers is compatible, at least at a basic level of
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ouT Qur
SYNTH A z SYNTHB
IN IN
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SEQUENCER
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SYNTHA THRU
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N
DRUM BOX THRU
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ouT

SYNTH A
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seouencern U7 1IN SsynTHB
IN ouT
ouT N
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N QUT
SYNTHC

Fig. 1 Some basic configurations of MIDI-equipped
musical instruments.

operation. The use of aserial data format also allows low-
cost cable and standard DIN connectors to be used for
interconnection rather than the expensive multipole
connectors and cabling which would be required for
parallel interconnection.

You might have heard the term ‘MIDI Bus'. MIDI is
notreally abus system because each outputonly goesto
one input. However, many instruments are equipped
witha MIDI1TH RU socket which transmits an exactcopy
ofthe datareceived atthe MIDI IN socket. This makes it
possible for data to be sent over one interface cable to
more than one instrument, different channel codes
being used to ensure that each instrument only accepts
the data intended for it.

Interconnections

The number of configurations possible is not farshort
of infinite. Perhaps the simplest of all is a set-up where a
MIDI keyboard is used to play a separate MIDI synth.
Figure 1 shows three more hypothetical examples. The
simplest (Fig. 1a) allows synth Aand synth B to be played
simultaneously from either keyboard. It could also do
more, depending on what the two synths are capable of.
For example, they might be told not to receive one
another’s keyboard data. This would make them inde-
pendent from that point of view, but program selections
on both could be changed simultaneously from the con-
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trols of just one of them. When the player selects a new
program on A, for example, this information is transmit-
ted to B, which then automatically changes its program
accordingly. Another possibility is that A might containa
sequencer which could be used to sequence B, which
might have no sequencer. Even in this very simple case
the possibilities depend very much on the features of
the two devices.

Figure 1b is an example of a ‘chain’ setup in which
four devices are connected together. Perhaps the se-
quenceris being used to control the two synths, withthe
drum machine playing aiong, [t could be that synth B has
to be at the end of the chain because it has no MIDI
THRU socket while the other two have. The sequencer
transmits keyboard data to be played by synth A over
one channel, and for synth B overanother, withthedrum
machine ignoring everything except the timing clocks.
The connection from the output of Synth A to the
sequencer could be used to record the sequence in the
first place. It might be necessary to disconnect this and
connect the sequencer MIDI IN lead to synth B MIDI
OUT when programming the synth B sequence. Or it
might be that synth B has its own built in sequencer, and
is only responding to the timing clocks, like the drum
machine. The possibilities are virtually endless. All of
which again illustrates that the capabilities of a MIDI
configuration depend not only on the way the instru-
mentsare interconnected, but alsoon the capabilities of
the instruments themselves.

Figure 1 cshows another, rather different’star set-up.
The sequencer in this example has a number of pairs of

TRANSMITTER (KEYBOARD, SEQUENCER. ETC)

& MICROPROCESSGABUS

UART

SERIAL OUT

TRANSMIT
BUFFER

- MIO! OUT
Ll )

MIDI CABLE

MiDIIN

OPTO-
TRANSMIT
ISOLATOR BUFFER

MiIDI CABLE
! ™ = TO SECOND

{ T RECEIVER
1D
SERIAL IN 7 THRU

UART

U

' MICKGPROCESSOR BUS

RECEIVER (SYNTHESISER. DRUM MACHINE, ETC)

Fig. 2 Block diagram of a typical MI1D! system.
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FEATURE: MID!

MIDI IN and MIDI OUT sockets
and can sequence more than one
instrument. Perhaps we might also
plug a drum box into the MIDI
THRU socket on synth B so it can
pick up the sequencer's timing
clocksand playalong. | shan’tgo any
further — obviously it is theoretically
possible to interconnect a dozen
instruments in some horribly com-
plex’star of’chains’ with afew more
thoroughly confusing cross connec-
tions besides, given the sockets to
do it. The only limitation is that the
user must be able to understand
what it all does!

Hardware

The MIDl interface is built around
the same type of serial interface
chipsasareused inthe RS232 system
(known as Universal Asynchronous
Reciever/Transmitters or UARTS, or
alternatively Asynchronous Com-
munication Interface Adapters or
ACIAs, but | shall stick to calling
them UART:),

A BBC Computer operates as a MiDI controller using the Hybrid Technology
Music 5000 system.

The highest transmission rate of RS232 is 19200 bits
persecond, but MIDI] operates at the even higher rate of
31250 bits persecond orone bitevery 32us. UART chips
can handle this higher bit rate without difficulty. The
choice of MIDI baud rate can make the hardware
implementation particularly easy because UARTs operate
from a clock running at 16 times the baud rate, or
500kHz in this case. This can often be derived from the
microprocessor clock by a simple divider.

UARTSs can transmit data in a number of formats, but
MiDluses afixed format of eight bitwords with one stop
bit and no parity. Each byte transmitted over the inter-
face is in the form of ten successive bits, eight of which
are the data. When the transmitteris idle, the UART out-
putsandinputsarein‘mark’ state withacontinuous‘1’ or
high output. The first bit of any transmitted byte is the
'start’ bit, which signalsthe beginning ofthe data byte. Its
falling edge is used by the receiver UART as a reference
to time the reception of the subsequent bits. After the
start bit, eight data bits follow with a bit 0 (the least
significant) first. After the last data bit a ’1’ stop bit
follows. If anotherbyte follows immediately this stop bit
will be followed by the start bit of the next byte, other-
wise the interface will return to the mark state, waiting
for the next start bit.

Performing UARTs

There are a number of UARTs which can be used,
depending on the application. Readily available types
include the 6402, particularly suitable for MIDI circuits
not using microprocessors, the 6502-series 6551, the
6800-series 6850, and the 8080/Z80-compatibie 8251.
All four of these devices will both transmit and receive
serial data, soonlyoneisneededforeach MIDI IN/JOUT
combination. There will usually be just one of these per

ETI JANUARY 1987

instrument. Microcomputer chips often have UARTs
built into them and an external device is not needed.

Figure 2 is a simplified diagram of typical MIDI
hardware. Itisnotabsolutely essential that the trans mit-
ting and receiving equipment is microprocessor-based,
but this is almost always the case in practice so the
UARTS are shown connected to microprocessor buses.
The serial output from the trarsmitter UART passes viaa
buffer to the MIDI OUT socket, which is connected to
the MIDI IN socket of the receiver. To avoid hum loops
and prevent digital noise getting into audio circuits, an
optoisolator is used at the receiving end between the
MIDI IN socket and the serial input of the receiver
UART.

Optical Solutions

The optoisolator is one of the features which marks
MIDI outas a system intended primarily foraudio use. It
is not needed purely from the data transmission point of
view, but eliminates the grounding problems that would
almost certainly occur if there were a direct electrical
connection between the digital circuits in the transmit-
ter and receiver. Also, the cable is screened but the
screen is only grounded at the transmitter end, again to
avoid hum loop and digital noise problems, Often the
output of the receiver optoisolator will also be connec-
ted to a buffer driving the MIDI THRU socket, which
then transmits a copy of the MIDI N data.

Figure 3 shows the serial data buffers, the interface
cable and the optoisolator circuit in more detail. The
interface cable is ordinary screened twin, with 180
degree 5 pin DIN plugs at each end. Pins 1 and 3 are not
connected. Thescreenisconnected as usual to pin2 and
the cores ofthe cableare connected to pins4 and 5. Pin2
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Fig. 3 The major circuit elements of a MIDI transmitter and receiver.

is grounded in the transmitter but leftopen circuitinside
the receiver, while pins 4 and 5 are connected in the
transmitter to the driver circuitand in the receiver to the
optoisolatorcircuit. Thereis no connection between the
optoisolator input circuit and any other circuits in the
receiver.

R1 and R2 ensure that dodgy leads or incorrect con-
nections cannot damage or short circuit the driver or
powersupply, R3 limits the current through the optoiso-
lator LED evenifan incorrect signal voltage is connected
directly to pins 4 and 5, and inverse paralle! diode D1
protectsitagainstreverseapplied vcltages. Thisarrange-
ment is reasonably idiot proof; although incorrect con-
nections will usually stop it working, theyare unlikely to
blow anything up. The diagram shows R3 connected
between pin5 of the MIDI IN socket and the optoisolator
LED cathode, but it could equally well be between pin 4
and the LED anode, should this be more convenient
from a layout point of view. What matters is that the two
are in series.

" Buffer To Buffer

When the transmitter is idle, or a’one’ bit is being
sent, the UART output is in the high state. This puts the
outputof the transmit bufferin the high state too, and no
current flows in the interface. When the UART transmits
a‘zero’ bit, its serial output goes low and so does the out-
put of the transmit buffer. As a result, a current of about
5mA flows through the loop including R1, the interface
cable, the optoisolator input, R3, and R2. This turns on
the optoisolator output transistor, pulling its collector
low, so that the low output from the transmitter UART is
passed on to the receiver UART serial input. When the
transmitter UART output returns to the high state, the
interface loop current stops, the optoisolator output
turns off, and R6 pulls it high and applies a high to the
receiver UART input. The output from the optoisolator
may also be connected to another transmit buffer if the
receiver has a MIDI THRU socket. This is basically the
same as the transmit buffer in the transmitter, with R4
and R5 as equivalents to R1 and R2.

The transmit buffers are needed because UARTs are
invariably MOS devices which cannot be relied on to
sink the 5mA loop current in the low output state. In
Fig. 3 the buffers are drawn as pairs of inverters, but in
practice almost any logic gate, buffer, or non-inverting
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combination of gates and buffers capable of sinking the
loop current in the low state will do the job. 4000 series
CMOS does not have the drive capability, but 74LS or
74HClogicdoes. Discrete transistors can alsobe usedin
place of the second inverter to sink the loop current.
One potential problem with MIDI is that the turn on
time of the loop current and optoisolator is generally
shorter than the turn off time. Anything that helps speed
up the turn-off process can only help, so totem pole out-
puts are actually a little better than open coliector out-
putsordiscrete transistors because theyactively pull pin
5 of the interface socket high ratherthan relying entirely

SEQUENCER
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&b THAU ledy vl S fvlg
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Fig. 4 Timing diagram of a single MIDI byte transmitted
by a sequencer.

on the loop current to do so. 74HC logic is particularly
good in this respect.

The MIDI THRU socket is intended to pass on an
exact copy of the MID! IN data. In the hypothetical
‘chain’ set-up in Fig. 1b, the sequencer can transmit data
tothe three otherunits bythe useof MIDI THRU sockets
on synth A and the drum box. By the time the data
transmitted by the sequencer has reached synth B’'s
UART it has passed through a total of three interface
leads and optoisolator circuits. Unfortunately the loop
current and optoisolator generally turn on faster than
they turn off, so that the propagation delays of low to
hightransistionsare longerthan those of high to low tran-
sistors. The effect is cumulative, so that the integrity of
the transmitted data is reduced each time it passes
through a unit. Obviously there could come a point
when the waveform distortion causes data errors.

Figure 4 shows an example of what mighthappentoa
byte transmitted by the sequencer. The point at whicha
UART samples the input data is timed from the leading
edge or high-to-low transition of the start bit, to the
nearest sixteenth of a bit period (assuming they are
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clocked at 16 times the bit rate). Each bit is sampled at
what shouldbeits mid point. The effect of the difference
in propagation delays is to delay the low-to-high transi-
tions relative to the high-to-low transitions and shorten
the high pulses. When this relative delay, or skew,
becomes nearly half a bit period (16us), data errors will
happen. In ourexample here each of theindividual units
woulid receive data quite happily from the transmitter,
and any combination of two of them would work as well,
but the cumulative skew is enough to prevent the last
unit from receiving the data reliably.

MIDI Thru And Thru

There is no specificationas tohow many units can be
connected in series, or what an acceptable skew is,
though the IMUG MIDI specification does goas faras to
say that higher speed optoisolators should be used to
avoid these problems with long chain lengths — i.e.
more than three instruments. Fortunately it is not dif-
ficult to keep skew down to a reasonable level if the
optoisolator circuit is designed properly. The MIDI IN
and MIDI THRU sockets should not be paralleled to
avoid skew altogether. The problem with this is that it
means the loop current is shared by two receiver optoi-
solator circuits (or even more if two or more pieces of
gear do the same thing), and the reduced current
through each optoisolator could well lead to data errors
for that reason instead.

No maximum and minimum levels are specified for
the 5mA MIDI loop currrent. Allowing for series resistor
tolerances (assuming 5% components), variations in
power supply voltage, and possible driver gate and
optoisolator LED on-state voltage variations, itis reason-
able to assume that the loop current will be somewhere
between absolute worst case limitsof 3.5mAand 6.0mA,
provided of course that the transmitterand receiver are
properly designed. In practicethe currentmay be higher
because not all transmitter circuits include both series
resistors. Forexample, | have seenadesigninwhich pin4
of the MID] OUT socket is connected directly to +5V,
not via a series resistor.

A Little Ohm Work

Returning to Fig. 3, the value of R6 must obviously be
decided. its minimum value can be determined by
assuming a combination of the lowest loop current and
lowest current transfer ratio (CTR) of the optoisolator.
The6N138isahigh speed Darlington optoisolator often
used for MIDI interfaces, and has a minimum CTR of at
least 300% at the kind of LED current we are talking
about. This means that it will be able to sink at least 3 x
3.5mA, or 10.5mA, through R6 in the on state. Provided
R6 is 470R or greater, the output is guaranteed to pull
low. To keep turn-off time down to a minimum, Ré
should be assmallas posible, soavalueof470R isa good
choice for use with this optoisolator. Typical skews are
about 2 us.

The 6N136 can also be used, and is a little faster, if
used with care. Because it does not have a Darlington
output stage, it has a lower CTR of 19% minimum, so a
compartatively high 6k8 pull-up resistor should be used.
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Fig. 5 CNY17 opto-isolator arranged as a non-saturating
current switch for optimum performance.

Its speed is sensitive to stray capacitance on the base pin
(pin 7), especially between it and the collector pin. This
is not a problem on layouts but should be borne inmind
ifthe-circuit is built on stripboard — the base and collec-
torwillbe on adjacentstrips unlessthestrip topin7 iscut
close to the pin. Also, stray capacitance on the collector
pin should be kept low so as not to compromise the rise
time. The low-state input current of any logic circuits
connected to the optoisolator output have not been
taken into account in the calculations of R6 above, but
should be if LSTTL is involved.

Saturation Point

The CNY17 is also sometimes specified forthe job. It
has a minimum currenttransfer ratio of40%, so a calcula-
tion similar to the one above would indicate that it is
guaranteed to sink 1.4mA through R6, and that Ré
should therefore be about 3k9. Unfortunately the CNY17
is not particularly fast, and gives poor performancewhen
used this way. One reason for this is that the transistor
saturates in the’on’ state, and takestime to recover. Pro-
vided saturation can be avoided, the turn on and turn off
times of the CNY17 are about equal. In theory it would
be possible to avoid saturation by selecting R6 so that
the output falls to say haif a voit in the iow state, This is
not really a practical solution, though, because the loop
current cannot be relied on to be constant (for example,
it could change by connecting toadifferent transmitter),
and the CTR is temperature dependent and slowly
changes as the optoisolator ages. This is not a good way
to avoid saturation, and should be avoided. Another
speed problem is that the collector/emitter voltage
changes as the transistor switches on and off, which
slows down the switching process due to Miller effect,

! To get the best performance from the CNY17 it should

be operated as a non-saturating current switch with a
relative constant collector/emitter voltage. In practice
this is not difficult, and Fig. 5 shows how. The optoisolator
transistor switches current into the base of the external
transistor Q1, which does the job of pulling the UART
input low when loop current is on. R7 is calculated so
that it takes nearly all of the worst case minimum
optoisolator transistor current with Q1 base-emitter
voltage across it, the balance flowing into Q1 base and
turning it on. The minimum optoisolator current is
1.4mA with the CNY17-1, or 2.2mA with the CNY17-2,
which has a higher minimum CTR of 63%. Q1 can be
almost any general purpose signal transistor — someth-
ing like a BC107 or BC182 does admirably. ETI
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DESIGN

CONCEPTS

Mike Barwise fans-out and shows why he’s a fan of PAL — it is
logically superior when it comes to drive capabilities and

propagation.

e saw last month how logic inputs and out-
Wputs go high or low by sourcing or sinkin

current. Outputs sink current when low, an
source current when high. Inputs source current when
low and sink current when high.

For a given logic state to be passed from an output
to the inputs of succeeding devices, the magnitude of
the output current and the total magnitude of the
currents of all inputs connected to it must conform to
certain minimum criteria.

Table 1 shows the typical input and output
currents for standard 74 amf74LS TTL logic. A minus
sign means that current is flowing out of the device
node, which is the case when an input is taken l[ow or
an output is taken high. Note that 54 (military) series
TTL does not conform to these figures and cannot be
considered directly interchangeable in all cases.

There are also several high current output buffer
devices, including the familiar 74L5241 through 245,
which offer input currents in the same order as the
74LS figures in table 1, but can provide output
currents in the order of -15mA (high) and 24mA (low).
T':le Iimporrance of these will become apparent
shortly.

The drive capability of an output can be con-
sidered as the number of subsequents inputs it will
take to a defined logic state. This is called fan-out, and
is the ratio of the input current to the output current
for a given logic state. From Table 1, we see that there
is a ratio of 1:20 (high) and 1:10 (iow) for standard
74TTL, and a ratio of 1:20 (both states) for 74LS TTL.

This effectively means that standard TTL can drive
up to ten of its own family from one output, and that
74LS TTL can drive up to twenty similar devices under
optimum static test conditions. There are, however,
mamyzi factors which reduce this capability in reality, at
speed.

The Leaky Bucket

The simplest analogy of the dynamics of an input/
output combination is a bucket with a hole in the bot-
tom under a stand pipe (Fig. 1). The rate at which the
bucket can be filled or emptied depends on the
relationship between the flow from the tap and the
flow through the hole in the bucket. At the extremes,
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the bucket will either empty almost completely for

ood if the flow through the hole is much greater than
the flow through the tap (stuck at Io%ic LOW), ortry to
overflow if the flow through the hole is too small
(stuck HIGH). There is quite a wide bracket of hole
sizes and tap openings when there will be a drift
towards one or other of these extremes.

The ideal condition is where the potential flow
through the hole and the tap opening are such as to
allow rapid filling of the bucket if the tap is on, and
rapid emptying of the bucket if the tap is shut off. By
alternately opening and closing the tap, you get a fast
— and wet — logic system. This is most easily
achieved when both the tap opening and the hole are
large, and the overall water flow is considerable. This
is a good indication of the reason why very fast logic
familes (e.g. 74AS and 74F) take lots of current.

Like the filiinf and emptying of a bucket, the rise
and fall times of logic devices depend on the loadings
applied to them. It is most unwise to reach (let alone
exceed) the maximum loadings calculated above.

Reliability is a very subjective
notion. ..

Working at maximum loadings will allow all sorts of
additional effects such as device temperature, socket
and interconnection capacitance and so on to
become significant to performance, usually in a ran-
dom manner. Systems which occasionally 'lose’ them-
selves (provided they have an adequate, clean power
supply) normally exhibit bad logic design — including
local or general overloading.

A saf% eneral rule is to perform the input/output
ratio calculation and then halve the answer. Thus a
standard 74 TTL output can be considered to be cap-
able of driving up to five similar inputs, and 74LS of
driving ten inputs. The same calculation should be
performed individually for loadings across the boun-
dary between dissimilar devices: where a 74LS latch
drives a standard 74 buffer/gate matrix, for example,
as in a floppy disk interface.
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Fig. 1 A pail imitation of a logic
gate. If the hole (output) is
small, a full bucket (= logic high)
will take a long time to empty

(= logic low). A large hole
resuits in faster emtpying
but demands a greater
water flow (= current}

to fill the bucket in

the first place,

Maintaining Processor Safety Margins
Coming back to our R65C00 processor with its
r

specified drive capability of one TTL load. This means
the processor outﬁut can sink 1.6mA (low) and source
40,uAd (high), with the important qualifier, at rated
speed.

Interesting point, that. You can drive considerably
more than this: more than one proprietary design
drives in excess of three TTL loads cgrect from the pro-
cessor outputs, The snag is that this screws up the pro-
cessor timings by significantly slowing the transition
times of the outputs.

The resultant elimination of the error margin will
one day show up for certain: most likely when the
user runs the micro for an extended period over a hot
summer evening during the time when office and fac-
tory workers arrive home. The device temperature
and the noisy power supply due to everyone switch-
ing appliances on and off right across town will very
likely precipitate a crash in the overloaded system,
which was just waiting for an excuse anyway.

This brings us back to the problem of reliability. It
is a very subjective notion. The school or home
amateurs’ micro is rarely doing a singie job for more
than a couple of hours at a stretch, so the statistical
chance of a system failure in any work period is pretty
low. The same system applied to something like the
Maringr space probe would never have got off the
ground.

It is worth remembering that Mariner was a ten
year old design when last heard of. The parts at the
disposal of the designers were much cruder than
those we have, yet it worked unfailingly for nearly ten
years in one of the most hostile environments ever.

In an extant system, there are some software tricks
you can apply to cover hazards, but their effectiveness
depends very much on the amount of control at
machine level that your machine operating system
allows you. When you design hardware from scratch,
it should be possible — witﬁ care — to come up with
quite a simple design with a reliability sufficient for
continuous monitoring of non-life support systems for
periods of up to a year.
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. There are systems throughout the world in places
like ar(rforts and hospitals where people everyday
depend on such an order of reliability. it is not uni-
quely the domain of the expensive supermicro. The
home computer enthusiast his been educated to
respect a pretty low-grade implementation of avail-
able technology.

The microprocessor is obviously a prime candidate
for overloading. It requires RAM, ROM, 10 device and
decode logic all to be coupled to its address and data
buses with the lowest possible propagation delays.

Every logic device has a finite delay between the
application of an input and the corresponding change
in output. These are added together when devices are
cascaded (see my article in ETI, October 1986) and
must be taken into account at the secondary design
stage. It is obviously pointless to minimize processor
bus ioading and then add a delay due to signal pro-
pagation nearly equal to the time saved.

Silicon to the Rescue

Fortunately, the silicon designer is on our side
here: a static RAM of 8K by 8-bits loads the bus only
about half as much as an earlier 4K by 1-bit RAM, and
the loadings imposed by almost all EPROMs from 1K
to 32K (NMOS) are effectively equal.

There is, of course, a trade-off in flexibility in using
larger devices. | consider an 8Kx8 about the optimum
for use in eight bit systems — it allows subsequent
amendments to the firmware/user RAM ratio without
undue wastage of valuable address space.

The same system applied to
something like the Mariner space
probe would never have got off
the ground. . .

The real crunch comes in high performance
subsystems — where special functions are implemen-
ted in MSI or LSI logic — and in the decoding of com-
plex address maps — where, until recently, TTL was
the prime candidate.

The most common procedure in complex systems
has generally been to insert buffers at the processor,
thus increasing the bus drive capability to the -15/
24mA level. However, in a great many low cost
micros, only the DATA and ADDRESS lines are thus
buffered, leaving the clock and control bus (READ,
WRITE and so on) open to overloading. -

New developments such as CMOS logic with 74LS
TTL function (and speeds of the same order) and
Programmable Array Logic (PAL) allow designers to
maximize 8-bit micro performance to a level where it
vies with the flashy fashionable 16-bit systems. Sadly,
few consumer micro manufacturers have taken the
trouble, but in the micro-controlled testgear field, the
performance increases are beginning to show.

A Constant PAL

Of these developments, the most useful is PAL.
CMOS logic suffers from the same kind of problems as
bipolar, in a different order of magnitude. Output
drive cagability depends on input loa: inﬁ

The beauty of PAL is that no matter how complex
the internal structure of the logic, the input and out-
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put loadings are constant for a given device. This has
the same benefit as the larger EPROM, and there are
effectively no trade-offs.

PAL consists of a fully interconnected array of logic
gates with fusible links at the interconnections. A raw
PAL does nothing, as the interconnections cause can-
cellations internally. If you blow away the bits you
don’t want, you can create almost any configuration of
logic on the piece of silicon.

There is a range of raw devices providing different
matrices of gates and latches/registers, and the main
limitation to date is the pinout; the number of possi-
ble inputs and outputs, which is currently a mechani-
cal constraint of the DIP package.

In the PAL, sets of higﬁ current buffers separate the
input pins from the logic matrix, and the logic outputs
from the output pins. The result is as if you had inter-
posed one of the 74LS TTL buffer chips between the
outputs and the succeeding inputs of your
heavyweight logic matrix, except that the propagation
delay of the buffers in PAL is very much less, due to
their proximity to the rest of the circuit on the same
piece of silicon.

Overall propagation delays are very much shorter,
too, compared with the discrete TTL version of
almost any medium complexity circuit, so the PAL
really wins all round.

PALs are usually blown from a set of Boolean equa-
tions optionally accompanied by a truth table for
verification, and quite a number of suppliers will now
perform this service for a small charge. They are not
really economic for one-offs, unless you happen to
have programming equipment, but quantities of five
or more begin to be cost-effective if blown from a
master device.

An example of the benefit is the decoding of an
address map similar to the BBC Micro. The map is
decoded into 8K slots for RAM and ROM, but there is
a 512-byte hardware window at the bottom of the top
1K (page &FC page &FD). The 8K slots are easy: a
7415138 decoder driven from the top three address
lines, but the window starts to cause problems.

The top 8K must be sub-divided into 356 byte
pages, and two of them tapped off for hardware
decoding. The remainder of the space is occupied by
ROM, so either the other page decodes must be
recombined (messy) to enable the ROM, or the two
hardware pages must disable the ROM otherwise
selected by the top 8K decode. Additionally, a signal
must be output while the hardware space is selected,
to slow the system clock. Either way, quite complex
logic matrix must be created. My first version used
about six 16-pin and 14-pin chips.

A single 24-pin PAL can perform all the required
functions and still has the spare capacity to allow up
to three alternative user-selected address maps.

As you can see, | am pretty enthusiastic about PAL,
and | will be saying more about it in this series. It
actually allows the addition of features to the eight-bit
micros which have previously been considered solely
the domain of 16-bit and 32-bit processors.

74 7418
IN HIGH 40pA 20pA
OUT HIGH -800pA -400pA
INLOW -1.6mA -0.4mA
OuTLOW 16mA 8mA
Table 1 Typical input and output currents for 74 and 74LS TTL.
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FEATURE

FM FROM THE
BEGINNING

John Linsley Hood continues his short series on FM transmission
‘aind. reception with a look at the requirements of FM receiver
esign.

right channels are encoded before transmission as

a stereo FM signal and at the performance limita-
tions this process involves. in this article | will be look-
ing at the design of VHF/FM receivers and the influence
the receiver circuitry has on the quality of the final
audio signal.

Figure 1 shows a typical FM receiver circuit in block
diagram form. The RF, mixer and oscillator stages (the
‘front end’) are usually grouped on a small PCB mounted
inanindividually screened metal box, and this tuner unit
is often made by some outside specialist manufacturer
who supplies several different hi-fi companies.

I_ ast month | looked at the way in which the leftand

Tuning System

Inthe earlierdays of FM,such head units were usually
tuned by two or three-gangair-spaced variable capacitors,
Nowadays varicap tuning diodes are almost always
employed, except where the unit combines AM and FM
in which case a variable capacitormaystill be employed.
This is because the large values of tuning capacitance
required for use on MW and LW are difficult to obtain
with varicaps. :

Varicap diodes are basically reverse-biased silicon
diodes having a fairly Iar§e, heavily doped, PN junction
area. This provides a useful f‘unction capacitance which
can be varied by an external control voltage. Apart from
cheapness, the advantages of varicap diodes are that
they allow a greater number of tuned stages, they allow
the tuning capacitors to be placed nearer to the coils,
and they allow remote (possibly computer controlled)
tuning.

The snags are that varicap diodes have a greater RF
loss factor than air spaced capacitors and this spoils the
Q of the coils (though this probably doesn’t matter very
much at VHF where pre-mixer selectivity isn’'t very
important). They also suffer from a temperature drift of
capcitance — even for a constant tuning voltage — and
the tuned frequency may be modulated by the RF
voltage appearing across the tuned circuit if the signal is
large enough. Twin varicap units ofthe typeshown in Fig.
2 cost a bit more but are much betterin tﬁis respect, and
are used in better quality units.

RF Devices

in inexpensive tuner heads, the amplifying devices
are usually bipolar junction transistors. These are still
the best choice at frequencies over 1GHz or so, although
gallium arsenide MOSFETs are challenging this position.
The main snag with bipolar devices is thatthey do not
provide & good match with the high impedances of the
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fig. 3 The use of a small inductor in the supply lead to
neutralise an FET stage.

tuned circuits, and this loss of power gain tends to
degrade the noise performance of the stage. They are
also very non-linear, which makes the head unit more
susceptible to cross-modulation in the presence of
strong input signals.

Thebest device in terms of noise figure and linearity is
the junction FET, but these also suffer from too high a
value of internal (drain/gate) feedback capacitance,and
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if this is not neutralised it will lead to poor tuned circuit
performance and RF instability.

A very neat way of neutralising an RF FET stage is
shownin FiF.3‘Inthis,asmaIl inductanceis formedinthe
PCB track leading to the source of the FET, and if the
inductance is chosen so that

G2 =@
{(where C’ is the internal feedback capacitance,andC"” is
the drain source capacitance) then the effect of the
internal capacitative feedback will be neutralised and
the stage will be stable.

In typical junction FETs, the value of C” is about 10x
C’,sotheinductance of L2 will not need to be very big for
amplifiers working in the 1T00MHz range.

Although they are not the quietest orthe most linear
of the available transistor types, dual gate MOSFETs are
the easiest devices to use because they have very low
internal cagacitance between the drain and gate 1, per-
mitting stable operation at RF. They also have a second
(screening) éate which can be used for automatic gain
control (AGC) purposes.

Formixer use, the second gate on adual gate MOSFET
provides a useful point for local oscillator injection, as
shown in the circuit layout of Fig. 4a. More up-market
tuners might use a double balanced mixer circuit based
on a pair of junction FETs, as shown in Fig. 4b.

The main concern at this stage is freedom from cross
modulation by strong unwanted adjacent channel signals
— an important feature for those who live near to
transmitters — and good sensitivity and signal-to-noise
ratio, which is important for those who live further away
from the programme source.

Having two or three tuned circuits between the RF
amplifier and the mixer input also helps to reduce the
ﬁroblems of cross-moduiation. A good quality tuner

ead based on dual gate MOSFETs might have the circuit
layout shown in Fig. 5.

Bipolar transistors make quite good local oscillators,
though it is good practice to uffer their outputs with a
Fairofjunctlon FETs — one to the mixer, the otherin the
ine to the frequency meter.

In presenting these comments on the design oftuner
front ends | am notaiming to encourage DIY enthusiasts
to design and build their own. Although 1 do not think
there is any particular magic involved in the design of
such units, the layout is critical if complete stability is to
be achieved. For this reason it is usually better to
purchase a commercial unit ready-built. These notes
should help you choose a good one, particularly if you
can examine the circuit diagram of a tuner unit before
purchasing.

Selectivity

FM tuners, like almost all other modern radio
receivers, employ the superhet principle. The incoming
signals are converted by a frequency changer stage
down toafixed intermediate frequency (IF) atwhichthe
bulk of the RF amplification is obtained, along with all of
the adjacent channel selectivity.

The convention for VHF/FM tuners is that the [F is
10.7MHz, and the most common method of obtaining
the required selectivity is by way of ceramic surface
acoustic wave (SAW) filters.

Thereisn’t room here to describe in detail howthese
devices work (see ETI November 1985 — Ed.) but
basically they consist of two transducer elements
deposited on the surface of a piezo-electric material.
Apﬁ!yingan input signal toone of the transducers causes
aphysical ripple to be launchedacross the surface of the
chip where it is received by the second transducer and
‘converted back into electrical energy. By careful design
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of the physical shape of the transducer elements, it is
possible to define frequencies at which the surface
waves will combine constructively and others at which
theywill cancel. Inthiswaya near-idealfiltercharacteris-
tic can be produced. A typical SAW filter pass-band
response is shown in Fig. 6.

An important advantage of SAW filters is that they
allow the relative phase shift of the signals to be deter-
mined independently of the RF pass- and shape. This
relative phase shiftis important for low distortion, andis
usually cailed group delay.

The snag with SAW filters is that they invariably
introduced a substantial loss of sighal strength, typically
10x, and they must be driven and terminated with alow
impedance, usually 300 ohms. Often the tuner head
will have an outputimpedance of the right orderto drive
afilter, but either an RF IC or a transistor will be needed
between stages to make up for the signal loss.

Atypical circuit foran input IF stage is shown in Fig. 7.
A high degree of selectivity is essential in order to avoid
multiple signals causing cross-modulation in the limiting
IF stage. Forthis reason, two pairs of SAW filters are often
used in series. However, too much selectivity will spoil
the stereo image separation in the recovered audio
signal, so a degree of compromise is required.
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Fig. 5 Circuit diagram of a typical high quality receiver ‘front end".
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The Limiting IF Stage

in the FM transmission system, the amplitude mod-
ulation characteristics of the signal are not of interest —
indeed, theideais togetrid ofthem, tosuppressimpulse
type noise. One of the benefits of this is that the final IF
stage can be designed to have a high gain so that it clips
the signal to a fixed and constant output level.

In contemporary practice this is always done by a
specialised type of IC which also contains the FM

emodulator, and probably a range of other useful bits
and pieces of circuitry as well,

In the earlier ICs of this type designers took advan-
tage of the ease with which bipolar transistor amplifier
stages could be incorporated. In the Texas SN76660N,
for example, no less than six push-ﬁull gain stages were
used before the demodulator, as shown in Fig. 8. Since
the collector-emitter voltage on each of the amplifying
stages was held to the same value as the base emitter

voltage of the following stage (about 0.6V), this caused
the amplitude of the RF signal to be limited to a peak
level of the same value.

The penalty is that the gain from each stage is low, and
a lot of stages will be needed if a clipping level input
sensitivity of 20uV or so is to be achieved. In conse-
quence, the cumulative transistor noise is quite sub-
stantial.

Later designs, such as the Motorola MC1351 or the
TAA930, interposed an emitter follower between the
succeeding stages, as shown in Fig. 9. This raised the
load impedance for each amplifying stage, increasing
the individual stage gain and allowing the number of
amplifying stages to be reduced to three for.the same
input sensitivity. The result was a substantial improve-
ment in the overall signal-to noise ratio.

The latest step in the development process came
with the introduction of the RCA CA3089E/3189E ICs.
Theseusea fully sbymmetrical push-pullamplifiersystem
(asusedinthe TI SN76660N IC but droppedinthe 1351
and its derivatives), an input series-connected transis-
tor cascode arrangement which provides the best possi-
ble input stage gain and noise figure, emitter-follower
load buffering in each stage for high gain, and a pair of

ETi JANUARY 1987

Fig. 6 Transmission characteristics of a typical 10.7MHz
SAW filter. -w
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Fig. 7 An FM IF stage using ceramic filters.

back-to-back diodes at the output to give a clean,
symmeétrical, limiting chracteristic. Thisisarather better
way of limiting than simply letting the amplifying stages
run up against their supply voltage limits.

The 3189E is very similar in circuit layout to the
3089E, but a few small detailed design improvements
have been included, mainly aimed at reducing still
further the background noise level. This IC (and copies
of it made by other manufacturers), is deservedly the
most popular device for use in FM limiting amplifier
stages. A slightly simplified circuit diagram of the limiting
amplifier chain is shown in Fig. 10.
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Fig. 10 The limiting |F amplifier circuit used in the RCA CA3089/3189 (simplified for clarity).

The Demodulator Stage

Thisisthekeystage inthe FM tuner. It determines the
freedom from distortion of the recovered audio signal,
the rejection of intruding AM-type noise (motor carigni-
tion interference and the like) and the capture ratio of
the receiver.

This last term refers to the ability of the receiver to
reject an interfering FM signal that it is less strong than
the wanted one, evenifitis onthe same frequency. This
rejection is expressed in dB: a value of 1dB is excellent,
while 3dB or greater would nowadays be thought to be
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a very poor rejection ratio indeed.

The earliest of the specifically-designed FM demodu-
lator circuits was the’Round-Travis’ circuit shown in Fig,
11a.This consists basically of a pair of tuned circuits wit
associated diode detectors, one tuned above the centre
frequency and arranged to give a positive-going output
whilethe otheris tuned below the centrefrequencY and
has a negative-going output. When these two signals are
combijned, the result is as shown in Fig. 11b.

This layout gives no AM rejection except for signals
occuring precisely at F,, and its lineanty depends
entirely on the shapes of the response curves of L2C1/
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L3C2 and the skill with which one tunes these two
circuits.

The early circuits were gradually replaced with
demodulators of the phase detector type. These fall
under three headings, the Foster-Seeley, the Ratio
Detectorand the Gate Coincidence Demodulatortype.
All rely on the fact thatif an RF signatisapplied toatuned
circuit at a frequency which is below the resonant fre-
quency of that circuit (F,), the tuned circuit presents an
inductive load and the phase of the voltage leads that of
the current. On the other hand, if the RF si%nal has a fre-
gquency above F,, the tuned circuit looks like a capaci-
tance and the phase of the voltage lags behind that of
the current.

In the case of the ratio detector layout shown in Fig,
12a (and the Foster-Seeley circuit operates in a very
similar manner) a small third, untuned, winding on the
RF transformer is arranged to inject a signal into the cen-
tre tap of the secondary.

Since the two rectifier diodes are connected in
opposition, there will normally be no AF output at this
centre tap point at any frequency. However, if the input
RF frequency is eitherabove orbelow F,, the signal from
L3 will add to that in the upper half of L2 and subtract
from that in the lower, or vice-versa, as the phase of the
voltage across L2 chanEes. The result will be an output
response of the form shown in Fig. 12b. :

This was the most popular type of FM demodulator
circuit until about fifteen years ago, since when it has
been almost entirely replaced by IC-based systems
using gate coincidence techniques.

Gate Coincidence Demodulators

Gate coincidence demodulators use the transistor
layout shown in Fig. 13. The current from the constant
currentsource CC1isshared between the transistors Q1
and Q2, then divided again between transistors Q3-Qé6
aRnd finally recombined in the load resistors R1 and

2.

Obviously, ifall the transistors are indentical and V;,
(1) isthesameasV, (1) and V,, (2} isthesameas Vyef (2),
the output current through R1 will be the same as that
through R2. Moreover, because of the cross-connection
of Q3-Q5 and Q4-Q6,achange inthe potential of Vjp (1)
or Vin (2) will not alter this situation, provided that it
does not occur at both inputs simultaneously.

However, if both V;, (1) and Vjp (2) were to go posi-
tive simultaneously, the current through R1 would
increase and that through R2 would decrease, causing a
EOSitive-going output change at point B. On the other

and,if V;, (1) wereto go positive while V;, (2) were togo
negative, the output voltage at B would be negative
going.
Tﬁis allows the circuit to be used as an FM demodula-
tor in an arrangement of the kind shown in Fig. 14. If the
IFsignalfrom the limitingamplifierLA1 istakentopointE
and a small amount of this signalis used to drive atuned
circuit connected across points C and D, then, as the
input frequency varies with respect to the natural reso-
nant frequency of L1/L3, so the phase of the signal
aﬁpiied to point C will alter and the output at B will
change.

Thg linearity of the audio output from this type of
demodualtor can be very good, but the AF output and
signal-to-noise ratio decrease if the quadrature input
from L1/C3 gets smaller, For this reason, the coupling
capacitor C2 must not be small, but then again it must
not be so big thatit swamps the input at C. Also, the per-
formance of the circuit is better ifthe Q of L1/C3 is high,
but it most not be so high that this circuit cannot ade-
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Fig. 18 A phase-locked-loop FM demodulator system.

quatt;ly coverthe required FM IF bandwidth (£150kHz
or $0).

A useful improvement in performance is given if L1/
C3iselaboratedtoabandpass coupled pairof circuits, as
shown in Fig. 15. This allows both L1 and L2 to have
higher values of Q without impairing the usable band-
width. A complete FM IF layoutbasedona CA3189Eand
a gouble-tuned quadrature coil system is shown in Fig.
16.

THD values down to 0.1% have been claimed for this
particulardemodulator configuration,as compared with
0.3-0.5% for normal, single coil systems.

However, although the demodulator system on its
own might give values of this kind, any phase-sensitive
demodulator system (including the Foster-Seeley, the
ratio detector, and the gate-coincidence system) willbe
influenced by the frequency/phase relationships im-
posed by preceding amplifier stages, RF coils, ceramic
filters and like. So, in practice, the final result will never
be quite as good as the figures claimed by IC manu-
facturers.
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The voitage/frequency characteristics of an FM ratio
detector and the resultant 1kHz demodulator harmonic
distortion (about 1.2%). .
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The voltage/frequency characteristics of an FM gate-
coincidence detector circuit (single coil type) and the
resuitant TkHz demodulator harmonic distortion (about
0.6%).

The voltage/frequency characteristics of a phase-locked-
loop FM demodulator and the resultant TkHz harmonic
distortion (about 0.15%).
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Asimple circuit arrangement which is used commer-
cially to compensate for the errors in the group delay
characteristics of ceramicfilters,and therebytoimprove
the overall THD figure ofthe receiver, is shownin Fig. 17.
In this, advantage is taken of the fact that the phase
characteristics of bandpass-coupled tuned circuits tend
to be similar to those of ceramic filters but opposite in
sign. The combination of these two kinds of elements
therefore tends to cancel the phase error.

Theinfluence ofthefrequency/ﬁhase characteristics
of precedingstages alsoexplains why it is very important
that incipient instability in the RF or IF tuned circuits
must be avoided. It can have adrastic effectonthe phase
linearity and the final THD of the whole receiver
system.

Other Demodulator Systems

Inview of the dependence of phase détectorsystems
on the phase linearity of the preceding stages, it is
surprising that so little commercial interest has been
showninthe alternatives, of which the two most promis-
ing are the phase-locked loop (PLL), and the pulse
counting system.

In both of these cases the output signal voltage is
related directly to the incoming signal frequency, and
the demodulator linearity is inherentinitself ratherthan
dependentonthe performance ofthe preceding parts of
the system.

The phase-iocked loop in particular is a very elegant
way of demodulating an FM signal, but is seldom if ever
used even though a PLL arrangement is commonly
employed in the stereo decoder section.

The basiclayout ofa PLL FM demodulatoris shown in
Fig. 18. Inthis the incoming 10.7MHz IF signal from the
limiting amplifier is fed to a phase detector along with
the output from a linear voitage controlled oscillator.
The phase detector can have the kind of circuit layout
shown in Fig, 13. Its output (which will consist of thesum
and difference frequencies of the two input compo-
nents) is passed through a low-pass filter and an amp-
{i/f(i:eé (if needed) to form a control voltage for the

if the VCO pulls into lock, this control voltage will
swing up and down as required to force the VCO to sta
in frequency synchronisation with the incoming signal.
The controlvoltage,asfed tothe VCO, willbeas linearan
equivalent of the signal modulation as the characteris-
tics of the VCO ailows.

The benefits of such a demodulator system are
clearly shown in the three photographs which were taken
directly off the screen of an oscilloscope. They show
various types of FM receivers driven at theiraerial inputs
by a frequency modulated oscillator. The actual har-
monic distortion of the recovered signal for a 1kHz
sinewave-modulated input is also shown.

In the case of the two phase detector systems, the
linearity of the demodulator itself would have been
somewhat better than is shown: a good tp::-u't of the final
distortion is due to the inadequacies of the preceding
stages.

inthe next part of this series | will describe a practical
PLL FM demodulator system having a very high linearity,
and [-will also look at the problems presented by the
stereo decoder stage of the receiver and some possible

solutions.
ETI

31



RGB-COMPOSITE

CONVERTER

Got RGB? Need composite? Dan Ogilvie has this neat

solution for you — and it’s far from discrete.

solution to colour encoding

had to be used. Perhaps
the most popular circuits used the
LM1886. This National
Semiconductor IC accepts a 3-bit
digital code for each of the R, G
and B inputs which limits the
number of available colours to 512
(2 13x31), although this is usually
adequate. Some support chips are
required; for example the half line
frequency generator (7.8kHz) for
the 90° PAL phase shifting.

Our design uses a Motorola IC,
the MC1377P, accepts true
analogue or digital inputs for
encoding and provides a direct
composite video output. It’s a
circuit taken more-or-less directly
from the applications notes
published by Motorola and' may
be useful for owners of QL,
Spectrum+2, Commodore 128
and other computers with RGB
but no composite output.
Composite monitors are generally
cheaper and easier to come by.

The IC

The 20-pin MC1377P (see
Fig. 1) contains all that is necessary
to perform good quality colour
encoding to either PAL or NTSC
standards (Fig. 2). The incoming
RGB inputs are AC coupled into
pins 3,4 and 5 (Fig. 3). Each input
requires 1V peak-to-peak to
achieve colour saturation and
gives an output with a luminance
bandwidth of 8MHz, comfortably
exceeding the broadcast TV
standards.,

The inputs are fed to the colour
difference and fuminance matrix
which generates the luminance
(brightness-Y) and the colour
difference signals — (R-Y) and
(B-Y) — according to the colour
equation Y=0.3R+0.59B+0.11G.

The matrix outputs are
clamped to the back porch

32

U ntil fairly recently a discrete

(reference black) by sync driven
clamp. The IC requires a negative
going composite sync input, This
must contain the correctly
serrated sync pulses within the
field pulse for proper operation of
the internal PAL flip-flop (which
generates the half line frequency).
The sync input can be driven
directly from TTL or CMOS. The IC
also generates the burst gate pulse
from the syncinput.

The colour burst is obtained
from a Colpitts oscillator on pins
17 and 18. Alternatively a burst
may be lightly coupled in to lock
the oscillator or it may be
displayed completely and driven
from an external source,

The oscillator output provides

NGS eyt
MUM RATINGS
p@AXlA st .-—;E—E__

e
Outpst 1
m Output A o Saturson
[Grrome moutiov £
T Resistence
roma Wt ctamca
v Cuo~ $ynt

\

pnance

| compestts Outevt ‘ g«m-
| Yo% Seacavion gurst

| 1ses Frgure 2

the reference to the B-Y modulator
and is also fed to a voltage
controlled 90° phase shifter which
provides the reference for the R-Y
modulator. By allowing the 90°
phase shifter to be voltage
controlled, fine tuning of the
phase shift may be achieved by a
pot on pin 19. Without this, the
phase shift is guaranteed at + 3°,
This phase shift affects the hues of
the picture.

The output of the R-Y
modulator is fed to a 180° phase
shifter which is switched in and
out at the half line frequency. This
is fed, together with the B-Y

Fig. T MC1377P data
{Courtesy Motorola).
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Fig. 3 Crcuit diagram of the converter.
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Fig. 2 Block diagram of the MC1377P encoder IC.
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appear at the test points around
the chip.

HOW IT WORKS

The incoming RGB inputs are ter-
minated with resistors R1, R2 and R3
and potentiometers RV1, RV2 and RV3
(Fig- 3). These provide input
impedances of approximately 75R. The
presets should be adjusted to provide
a maximum input of 1V p-p (for satura-
tion) into the MC1377. If the inputs to
the board cannot drive 75R (LSTTL, for
example, can only provide a source
current of 400pA) the 82R resistors
should be removed and the pots
replaced with 10k values. This will dec-
rease the bandwidth of the system due
to the filter formed by the poten-
tiometer and the input capacitance of
the MC1377. The inputs are AC
coupled into the encoder — the large
value of capacitor being required for

the 50Hz field component.

The Colpitts oscillator for the colour
burst is formed around pins 17 and 18.
About 0.5V p-p should appear on pin
17 and 0.25 VRMS into pin 18 with the
oscillator components removed.

The incoming composite sync signal
{pin 2) should be negative going. The
device will accept CMOS and TTL
directly. The range of acceptable
inputs is shown in Fig. 4. If it is
necessary to AC couple the sync then a
puil up to 8.2V is required (a regulated
8.2V is provided on pin 16).

From the composite sync input the
MC1377 generates a ramp which it
uses to provide the burst gate pulse.
The slope of this ramp can be varied by
a potentiometer on pin 1. However a

preset value is sufficient
(shown as 43k).

The chrominance filter should be fit-
ted between pins 13 and 10. If the
filter is not used, a compensatory
potential divider should be fitted (both
are shown in Fig. 3). We used a pre-
aligned Toko bandpass filter centred
on 4.43MHz, If the chroma filter is fit-
ted, the delay through it (400ns) has to
be compensated for by a luminance
delay line between pins 6 and 8. This is
shorted out if the filter is not fitted. The
composite video output from the IC is
buffered to provide a low impedance
drive for a monitor or it can be applied
directly to one of the common UHF
modulators used in computers. just
follow the manufacturer’'s instructions
for connecting this up.

usually
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modulator output to the chroma
amplifier which drives the chroma
bandpass filter if required. The
output of the filter is fed together
with the composite sync signal and
a delayed version of the
luminance signal to the output
amplifier, The delay line in the
luminance path compensates for
the delay through the chroma
filter.

it is possible to link out the
chroma bandpass filter in which
case the delay compensation is no
longer required either. However
the chip expects a 3dB loss
through the filter and a resistor

PROJECT : RGB-Composite

divider must be used instead to
produce this.

Construction

With some care, no problems
should be experienced. The circuit
draws about 40mA from a 12V
supply. The input potentiometers
(RV1, RV2, RV3) should be set to
provide 1V inputs from the source.
If a scope is not available, they can
be set up by viewing the picture
on a monitor and obtaining good
saturation of each of the inputs in
turn, If necessary a small adjust-
ment may be made to the R-Y

phase delay. R8 can be replaced
with a 50k pot and again
adjustment made to set the
correct hues on a monitor. A
colour signal will be useful here,
perhaps your computer can be
programmed to generate one.

Should only 0.7V video outputs
be available these must be
amplified before applying them to
the IC. A LM318N fast op-amp can
be used (no compensation
required) to provide the required
gain at the bandwidth necessary.
Take care to decouple close to the
op-amp.

ov COMPOSIT(
UNBUFFERED  VIDEQ
BUFFERED

Fig. 5 Component overlay,
PARTS LIST BUYLINES _____
RESISTORS (All %W £5%) 7,8 2n The MC13779 is available from Macro-
R1,2,3 82R c7,8 220p polystyrene Marketing (telephone: 06286-4422).
R4 1k0 (2k2 without C9, 12 10n The Toko filter and variable capacitor
filter) C10, 11,13, 16 100n are available from Cirkit, order numbers
RS 10k (only fitted C14, 15 1n0 18-01054 and 06-36001 respectively
when filter isn’t) cvi 3-30p The delay line — a TDK T9006 has
R6, 7,10 1k0 been recommended — may prove more
RS 43k SEMICONDUCTORS problematic and we suggest trying TV
R9 470R ic1 MC1377P répair shops for a second-hand lumi-
R11 75R Q1 2n2369A nance delay line from a colour TV
RV1,2,3 1k0 chassis — Fergusson TX9 or TX10, for
MISCELLANEOUS example. Manor Supplies of West End
Chroma filter - Toko VUS1054; 400ns Lane, London NW11 (01794 8751)
CAPACITORS delay line. 3-pin 17 1”7 x 4" (HLW); may be able to help, The 43k resistor
C1,2,3 22u 16V radial XTAL1 — colour burst frequency. may be cbtained from Electromail or a
electrolytic 4.433619MHz, HC18U can; PCB; suit- 50k preset will do —oruse a 33k anda
C4,5,6 22n able connector. 10k resistor in series.

ETI
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MAINS
CONTROLLER

Light provides the means to control your mains - safely!

looked at ways to control

mains powered equipment
safely from logic circuits, with
solutions becoming less
complicated as better
components became available. Of
course, there’s no particular

roblem in driving a triac from

ogic circuits if you don’t mind
having the entire circuit live, but
this can lead to alt kinds of
hazards. Some kind of isolation is
needed to keep the mains
voltages separate from the low
voltage circuitry,

Isolating pulse transformers
used to be the answer to the
problem, but these days there is a
much simpler solution: opto-
coupled triacs. Figure 1 shows the
internal components of a typical
opto-triac — the MOC3021.
Instead of being turned on by a
gate connection, the triac is
triggered by light from the internal
LED, and since there is no

F rom time to time, ETI has

electrical connection between
LED and triac, the low voltage side
is completely isolated from mains
voltages. The MOC3021 will stand
at least 2,500V between the input
and output sides of the circuit!
Because the MOC3021 can-
only switch currents up to about
50mA, it is almost always used in
conjunction with a larger triac
which can handle much higher
currents. The triac used in this
project is aTAG136D, which is
suitable for currents of up to 4A.

Construction

The complete circuit for the
project is shown in Fig, 2. and the
component layout in Fig. 3. The
box marked ‘load’ represents the
device your want to control — a
light, your hi-fi, an electric motor, or
other mains powered equipment,
The controlier is connected
between the live side of the mains

PROJECT

and the equipment, just as if it
were an ordinary switch.,

When mounting the triac on its
heatsink, first lay it on the board
with the hole in'its tab over the
mounting hole in the PCB. You can
then judge exactly where to bend
the leads. Bend them at right
angles to the body of the triac,
then insert the triac leads
temporarily into their holes, and
check that the tab hole is aligned
with the PCB hole. Take the triac
off the board, smear the tab with a
little heatsink compound, then
bolt the triac to the heatsink and
board before soldering the leads.
This ensures that the triac tab lies
flat against the heatsink for good
thermal contact. Don’t use the
triac mounting bolt to fix the PCB
to the chassis or case — there are
other holes for this purpose. With
many types of triac, including the
one used in this project, the tag,
and therefore the fixing bolt, will
be live.

TRIAC
MAIN
TERMINAL

N
TRIAC
LED ANODE | 1 6| MAIN
TERMINAL
[ } ? Bl
CATHODE CONNECTED

=

4

BLACK PLASTIC UELED

COATING

DETECTOR
(TRIAC)

Fig. 1 Internal circuit of the
MOC3021
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Using the controller

The simplest way to switch
equipment on and off is witha
battery and switch, as shown in Fig.
4a. You may prefer running small
and cheap low voltage wire rather
than mains cable for remote
switching,

Fig. 4b illustrates the way to
drive the controller from TTL logic.
The on-board resistor will limit the
LED current to a suitable value for
use with TTL, so the circuit is
simply connected between the
oultput of the logic IC and the +5V
rail,

R1
180R -

o Ic1

NOTE:

iC1 = MOC3021
SCR1=TAG 136D
D1 = 1N4148

ﬂJn O£

Fig. 2 The circuit of the mains controller

HOW IT WORKS

The controt voltage is applied to 1C1
via R1, which limits the current to
about 17mA when the dircuit is driven
directty from a TTL IC. D1 protects
IC1’s intermai LED from reverse
voltages which could damage it, just in
case the input is accidentally reversed.
D1 will only be necessary if the circuit
is used for experiment — if it is built
permanently into a piece of equipment,
this component can be omitted.

IC1 provides isolation between the
low votage input and the mains switch.
When sufficient current fiows in the
LED (‘typically’ 8mA, maximum 15mA),
the internal friac will turn on. This, in
turn, switches on the main triac SCR1.

R2 limits the surge current in IC1
and SCR1’s gate, if the MOC3021’s

triac happens to be triggered when the
mains voltage is at its peak, R2 must
limit the current in both the IC and the
gate circuit of the main triac to less
than 1.3A, which is the maximum that
either will stand without damage. As
soon as SCR1 tums on, the voltage will
drop almost to zero. The current surge
will therefore be very brief (about 3us),
50 a %W resistor is adequate,

R3 and C1 form a snubber network
to prevent spurious re-triggering of
the triac when it is used to switch
inductive loads. If the circuit is used
only for resistive loads, these compo-
nents can be omitted — the extra
board space could be used to accom-
modate a larger heatsink,

St OUT

R

CONTROL + —t-#

CONTROL — st

®——>- | IVE

 REATSINK

NOT USED

b
‘\\/" ~
V

Fig. 3 Component layout of the mains controller.

PARTS LIST
RESISTORS SEMICONDUCTORS
R1 180R IC1 MOC3021
R2 3%0R SCR1 TAG136D
R3 100R D1 IN4148
CAPACITORS MISCELLANEOUS
C1 100n class X PCB; heat sink; heat sink compound;
mounting hardware; case (optional).

Figure 4c shows how you can
control up to eight mains powered
devices from the 'Interbeeb’ and
‘Interspec’ computer interfaces,
currently available from our
Readers Services. This ogens up all
kinds of possibilities for household
control systems — a sophisticated
heating controller, for instance.
Temperature measurements can
be made via the A to D converters
on the interface with suitable
thermistors, or with an LM334 IC
(Fig. 4d).

Interface with CMOS logic
requires a means of stepping up
the current available to drive the
opto-triac’s LED. Where only one
or two mains controllers are used,
the easiest method is touse a
transistor, as shown in Fig. 4e. If
you intend to drive several mains
controllers, one of the many
CMOS to high current ICs can be
used (eg the ULN2001).

The maximum load that can be
controlled with the project is
about 500W, which is sufficient for
most domestic appliances. This is
limited by the amount of heat that
can be dissipated, not the triac’s
current rating, which is why there
was so much detail about
mounting the triac. It is the most
important part of the asembly. If
the controtler is to be used for
loads close to maximum, the
circuit must be in a well ventilated
enclosure to allow air to flow
freely around heatsink.

Triac And See

If you want to use the circuit
with triacs other than the type
specified, the PCB and heatsink
will fitany T0202 or T0220 type
with the leads in G-MT2-MT1
order. The substitute should have
a gate sensitivity of 25mA or less in
the 14+ and 111— triggering modes.
The blocking voltage VDRM must
be at least 400V, Also, check that
the gate surge current rating is at
least 1A for 3us. If not, the value of
R2 must be increased to limit the
surge current to a suitable value.
As previously mentioned, there is
no point in uprating the current
capability unless you intend to use
a much larger heatsink. Instead
the highest load capability will be
achieved by choosing a triac with
the lowest possible on-state
voltage to reduce heat dissipation
to a minimum.

A word of caution. Although
the LED side of the circuit and
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anP(thing connected to it will be
safe, the triac side of the circuit,
most of the PCB tracks and the
heatsink will be live. Don’t
attempt to test the circuit when it
is connected to the mains. The
triac will switch low voltages too,
so you can test the circuit with the
ouput of a 12V transformer and
suitable load connected to the
mains terminals. A 100ohm
resistor can be connected in
arallef with R2 to fire the triacat a
ower voltage for test purposes,
but don’t forget to remove it
before connecting the circuit to
the mains. When you put the
circuit in a case, make sure that
the live parts cannot be touched,
and that there is enough clearance
between the live parts and an?l
adjacent metalwork or low voltage
wiring so that they cannot
accidentally come into contact.

ETI

— BUYLINES ___

The MOC3021 opto triac is available
from: STC Electronic Services, Edin-
burgh Way, Harlow, Essex. The order
code is 271 B2X, and the price £1.84
inclusive of VAT. STC can also supply
the 100nF class X capacitor, stock no.
56454X, at 25p inclusive of VAT. As
STC change their prices frequently
(sometimes downwards?), it would be
as well to ‘phone them first to check.
Their number is 0279 26777, There is
no postage charge for orders below
£5

The TAG136D should not present
any problems. It also goes by the
name of Z0410DE — it’s the same
device; the manufacturers have recen-
fly changed their coding scheme. The
text gives details for selecting suitable
substitutes.

A suitable heatsink is type FL58N
from Maplin Electronic Supplies itd.,
P.O. Box 3, Rayleigh, Essex, $86 8LR.
Maplin can also supply a small syringe
of heatsink compound, order no.H-
QOA. The price of the heatsink is 45p,
the compound costs 63p and postage
is 50p for orders below £5.

A complete set of parts for the pro-
ject is available from Specialist
Semiconductors, Founders House,
Redbrook, Monmouth, Gwent. The set
includes PCB, heatsink and com-
pound, and all components, and costs
£6.30. An optional case is available at
£1.35. Postage on any order is 60p.

The PCB will also be available
separately from our PCB service in due
course,

PROJECT: Mains Controller
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CONTROLLER
w1
‘l S ‘|"—' + ! Ot
U i AR At T
REe \
- LOAD ON
g 7
{a)
+5V O + OL
. |
TTL - \ I LOAD I -ON
OV ——— o O E
i Vereid
INTERSPEC OR INTERBEEB
TTL OUTPUT
[ru ooooooooo l :
!
£\
+ -0 L
3 \ LOAD B O N
OE
LOAD 7

\ LOAD 1

{c}

i

INTERSPEC OR INTERBEER
ANALOGUE INPUTS

M g

+ L +
Lm33s LM334 1M334
uoaé — 220R % l_' 220R :E- ]_
{d)
560R
+15v O MAA + l oL
CMOS A = \
I LOAD l ON
A S|
oV O— ,,J,, — 0
Vezeid

{e)

Note: with the component values shown, the output from the temperature sensors will give one count for
each °C change in temperature. To keep the circuit simple, and to avoid having to cancel offset voltages,
the sensors read ‘back to front’ — that is, a rise in temperature will cause a fall in the digital output of the
A to D converiers. These can be tri d by maldag the 220 ohm resistors variable.

Fig. 4 Some ways of using the mains controller.
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PREAMPLIFIER MODULES

Al modules are supplied with in line conneciors but require potentionmeters,
switches, etc, If used with aur power amps they are powered from the
appropriate Power Supply.

Type Application Functions Price
HY6. ......MonoPreAmp FullHiFafacilities. . £8.95
HY6E6.......StereoPre-Atp.......... Full Hi Fitacilities .£14.55

HY73__...GuitarPre-Amp
HY78.. .. StereoPre-Amp ...

TwoGuitars plusMicrophone. £14.95
AsHY66lesstonecontrols ... £14.25

R D R —

<

Reverb £1895

NEW! HY83 Guitar and Special Effects Pre-Amp as HY 73 Plus Overdrive and

MOUNTING BOARDS: For ease of construction we recommend the B6
for HY6 £0-95. B66 for HY66-83 £1-45.

MOSFET MODULES Type Output toad Price
2 Power Impedance
tdeal for Dis¢d’s, public address and Watts {rms] O
applications with complex loads (line MOS128 60 a8 £3585
transformers etc.). Integral Healsink MOS248 120 . 48.. £42.25
stew rate 20v/us distortion less than 001% am0S364  180........4 ... £67.45
5, 1 BIPOLAR MODULES POWER SUPPLY UNIT
deal for Hi Fi. Full Toad protection T For Uss With Price
THE SPECIAL OISTRIBUTOR FOR SPECIAL AMPLIAERS [ecrsi hestink siow rvis mviss | niosy o o o
ILP have long been recognised as manufacturers of top quality ot P o erice |l PSUZ12. 10 2 HYSD. e g 7l )
amp"ﬂers‘ Fower Impedence PSUAt2 1 or 2 HYS0, 1 HYG060. 1 HY124___ £19.35
All ILP products are built to extremely high specification for the Watts rmst St AN =
ultimate in hi-fi performance. They're unique in being completely ) 48 PSUS12 2 HY12B, 1 HYZ44 £2370
encapsulated with integral heatsinks, and can bolt straight onto the R ) RS S B PSUS22 2 HY124... e £2370
chassis. They're aiso extremely robust, ensuring high levels of reliability 48 PSUS32..2 MOS1Z8_ £24.65
PSUSE2_ 1 HY248 £2465
as welt as performance, fie 4.5 PSUS52_. 1 MOS248 £26.65
ILP Amplifiers are now available through Jaytee. The UK Distributor 8 PSUTI2... 2 HY244 T £2835
with the availability and service to match the quality of the amplifiers. g %;2; f:gg el gg.gg
POWER BOOSTER AMPLIFRERS : ; N PSU742_ 1 HY368 ... SRICE £3126
The €15 and C1515 are power booster amplifiers designed to increase 180 e PSU752... 2 MOS248. MOS364 -£31.25
the output of your exisiting car radio or cassette player to 16 watt rms. Jistortion fess than 0.01 ANl the above are (or 240v operation
C15..... 15 watts ... .£10.65
C1515.. ....15 4 15 watts. ....£19,78
P LOUDSPEAKER
power ...............350 watt rms
1 .. 12 inches
-8 ohms NEW £78-61
raNge.....covcvnns 20 Hz to 5 KHz
FOR FREE DATA PACK PLEASE Jaytee Electronic Services, 143 Reculver Road, Beltinge,
WRITE TO OUR SALES DEPT. Herne Bay, Kent CT6 6PL Telephone: (0227} 375254

All Prices include VAT, Post & Packing

»1\

LED DISPLAY DIGITAL

ELECTRONIC CLOCK MODULE
Electronic clock module with MOS LS circuit, 4-digit 0.5"
LED display, power supply and ather components on a single
PCRB. Only needs a transformer and switchas to constuct a
complete pretested digital clock/timer for many applications.
Suntable for 50 gr 80 Hz mains supplies. Dirsst {non-multi-
plexed) LED drive eliminates RE interfarence.
Supplied complete with 240v mains transformer and wiring
diagram/data Order as SOL 144 Alarm Clock Module £6.8

LIQUID CRYSTAL DISPLAY WATCH MODULE
With LCD display, 2 pieces of Polarising material. backlight
diffuser, micro famp, precision crystal. trimmer, battery con-
tacts and open microg¢irtuit. Untested YT E 3 }
PLESSEY MAINS INTERFERENCE SUPPRESSORS
Filter unit for mains borne interference. Max current 1.5A. Qur
Price, brand NBwW .. - - .cuvuianranm e oniy £2.27

HART ELECTHONICS are specialist producers of kits for
designs by JOHN LINSLEY-HOOD All kits are APPROVEO
.by the designer

LINSLEY-HOQD CASSETTE AECOADER CIRCUITS

Compiete record and replay circuits for very hl?h quality low
noise stereo cassette recorder. Clrcuits are optimised for our
HS16 Super Quality Sendust Alloy Head. Switched bias and

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

Do your tapes lack ireble? A worn head couid be the problem

Fitting one of our replacement heads could restore perform-
ance to bettér than new! Standard mountings make fitting
gasy and our TC1 Test Cassette hetps you st the azimuth
spot-on. We are tha actual importers which means you getthe
benefit of lower prices for prime parts. Compare us with other
suppliers and see! The foliowing |5 a 1ist of our most poputar
heetis. all are suitable for use on Dolby machines and are ex-
stock.

HC20 Permalioy Stareo Head. This is the standard head fitted
as oniginal equipment on MESI deckS t.uuvuvsiaanns £7.66
H516 Sendust Alloy Super Head. The best head we can find.
Longer life than Permalloy, higher output than Ferrite, fan-

Same item, store soiled ........... co...only £1.61 : ict Very ea tastiC frequency rESPONSE ... ccuieieiiarieeirisnies £14.86
Similar Unit but 10A. Brand new.. .. .................£3.48 °qassu:r',:ﬁ;'%zt:,ﬁ?ﬁ;’grcg‘smg:ma:g{:'\:ﬁha&fm;zc‘,g‘{;;‘? HOSS1 4-Track Head for aulo-reversa or quadrophonic use.

10W POWER AMPLIFIER MODULE gull spscnﬂca};on rel(;or? and )a_yblaxék head;'.1 ...... :!4.80
Mutlard LP1173 Ampiifier module. Neads 24v DC Supply 10 Complete Stereo Record/Play Kit. ... ....o........ £33.70 ease consult our list for technical data on these and other
give 10 watts into 4 ohm speaker. Size 112x70x29mm_Com- VO Metars tofoTit e £2.30 each Special Purpose Hoads. MA4a1 Latast version Double Mono

plete with heat gink ........ Only £2.40 complete with Data
ALPS FF317U FM FRONT END

Beautiful precision made High Quality variable capacitor

tuned FM Front End with Dual-gate MasFet. Covers full FM

range of 87 to 109MMz. 12v supply ........... ONLY £3.90

Clrcuit if regquired 35p

CAR RADIO FM IF AND STEREQ DECODER

‘anmrane =M 8 7 >

Mintature PCB with 10.7?MMz ceramic filters, 2-transformer
ratio detectar. AX010 noise suppression IC and TCA4500A
advanced stereu decoder 1C. Only needs front end to make
FM tuner or car radio. Complete with circuit. incredible value
AR e : X Only £1.99

Reprints of original Articies ...
860X Stereo Mic Amplifier.........

UINSLEY HOOD 300 SERIES AMPLIFIER KITS

Superb integrated amplifier kits derived from John Linsley-
Hoods articles in "HiFi Nows'.
Ultra easy assembly and set-up with sound quality to please
the most disceming listener. deal basis for any domestic
sound system if quality matters 1o you. Buy the kit complete
and save pounds off the individual component price

K300-35, 35 Watt. Discount price for Complete Kit _ £98.78
K300-45. 45 Watt. Discoumt price for Complete Kit £102.38
RUH4&5. Reprints of Original Articles from ‘Hi-Fi News'

{2/2) Record/Play heed.

Replaces R484.......co0iceveracnnnn £13.35
SM166 Standard Mounting 2/2 Erase head. Compatible with
above or MO551 4-Track Head .........coovivnnen £8.85
H524 Standard Erase Head. Semi double gap. high effici-

HART TRIPLE-PURPOSE TEST
CASSETTE TC1

One inexpensive test cassétte enables you to set up VU leval,
head azimuth and tape speed. Invaluable when fitting new
heads. Only £4.66 plus VAT and 50p postage.

.£1.05 no VAT K
Tape Head De-magnetiser. Handy $ize mains operated unit
LINSLEY-HOOD SYNCHRODYNE AM RECEIVER s e Sl T e e el gl
: vy ki f i neise on Playback .i.ciii i e £4.
Very high quality kit for this recent design featured in ‘Wireless Curved Pole Type for inaccessibie heads .. .......... £5.85

World". This unit represents the first attempt to make a much
needed HIGH QUALITY AM Tuner since pre-FM days. This
will give you Radlo 4, or even 1 in bettar quality than your
Eastern ‘Tranny’ Advanced ¢onstruction sysiem, approved
by the Author, uses 3 double sided PCBs in a stacked layout
for totat stability, ease of construction and minimai wifing.
This module will form the AM section of an ultra high quality
AM/FM switched bandwidth tuner to match our saries
amplifiers. Power supply and tning gang wil be Includued
with the FM section

K450 JLH Synchrodyne Kit Spaciai Price .. ... . £59.95

Send for your free copy of our LISTS. Overseas please send2
1RCs to cover surfae Post or 5 JRCs for Airmail.

Piease add parl cost of post, packing and as

INLAND QOVERSEAS
Orders up 10 £10 - 50p Please send sufficlent to cover
Orders £1¢ to £49 — £1 Surface or Air Post as
Orders uver £50 — £1.50 required.

Personal callers are always véry welcome but
please note that we are closed all day Saturday

0691) 652894

24hr SALES LINE | a1| PRICES EXCLUDE VAT ‘
UNLESS STATED

%
W 2 v?g‘“ Y00




BUSINESS

plan. Good luck and good business.

TAKING CARE

In this final instalment of our pull-out guide to starting
your own business, we look at the career of an electronics
consultant and investigate the importance of the business

THINKING IT THROUGH

Nigel Wilkinson argues that a business plan is both necessary
and desirable — and may be the most important document

you’ll ever write or read.

one ever though of. You dash along to the bank and what do
they say? ‘Go away and think it through.”

Don’t they realise how much it's going to make for them as well
as you?

yPerhaps they do, but with an estimated 1,000 bankruptcies a
month, no financial institution is going to give or lsan you any
money without evidence that your business has been well thought
out and carefully researched and will work not just in your head but
in reality. This is where the business plan comes in.

Your business proposition, no matter how small, will not begin to
be considered without a plan. As well as showing the mechanics of
the business, it shows your commitment, your professional
arproach and your understanding of what you are taking on. It will
also help show you just what is involved in becoming self-
employed. It is the catalyst which turns a business idea into a
business reality.

What’s In A Plan

So what should a plan include?

You should start with a curricufum vitae. This is a formal
introduction stating who you are, any qualifications you have and,
most importantly, your experience and knowledge of the business
field you are enterinﬁ.

This should be followed by a business directory. This should be
as short and direct as possible. Try to answer the question, ‘What
exactly is your business? Be precise, but avoid using too many
technical words. Say, ‘We hire out Public Address systems for pop
groups and discos.” Do not say, ‘PA hire for gigs.” Also describe how
zour business will have a different ‘angle’ from any competition and

ow it will succeed against them,

One of the key elements of any business plan is the market
description. This can be divided into two main sections. An analysis
of your market research and details of your marketing strategy. In
the first part you should be able to describe the state of the market
you are entering; how many potential customers there are, who and
where they are; who your main competitors are, what they do well,
and notso well, and what you have learned from them.,

When detailini; your marketing strategy, you must be abie to
show how you wil ﬁrice your product or service and what methods
you may use. You should say what methods of advertlsing and pro-
motion you will use, newspaper adverts, direct mail or exhibitions,
for example and what they will cost if used on a regular basis. You
must go into the sales methods you will employ — for example,
cold calling, market stalls or agents and what they cost. You should
also show your sales targets for the coming year.

At this stage you should detail any market testing you have car-
ried out and give evidence of any firm orders you might have in the
form of letters from customers and photocopies of your order book
or receipts. These are the facts that will back your theory.

To complete the descriptive part of the business plan, you
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E ureka! you've just had this great idea for a buslness venture no

should add sections on; details of your premises; your future plans
for the business; a list of outstanding needs, that is what exactly you
need money for and details of any other sources of finance.

The Functions of Structures

If you are not a sole trader, it is a good idea at this point to detail
the structure of your company co-op or partnership and include any
relevant documents.

A business plan is not just a description of what you will do. It
needs hard figures to back’it up.

You should also have sections devoted to a breakdown of your
personal budget, indicating how much J'ou need to live on, and your
business overheads, listing your fixed overheads for each week.
Using these to work out your hourly labour rate (how much you will
pay in wages or salaries per hour), you should give at least two
examples of costings, or how much you need to charge for your pro-
duct or service and how this is worked out. Costings can differ for
any number of reasons. For examples, one set could refer to a situa-
tion in which you employ two people and one in which you work
alone. In any case, the basics of each costing must be explicit.

Last, but not least, comes the cash flow. If you have worked
through the rest of your business plan thoroughly this should hold
few problems. It is simply a financial forecast of how your business
will run over a period of time — usually one year — based on all
your information.

Lasting And First Impressions

As with all aspects of a new business, first impressions count for a
tot. Give some though to the presentation of your proposal. Always
tipe it out on headed notepaper. It is also a good idea to include
sketches or photographs of your product/service, but don’t make
the document so bulky it is unreadable.

If you want further help with your plan — and it is a good idea to
check it over with someone, anyway — contact your local Enterprise
Agency, Small Firms Advisory Service or find out details of local
small business training schemes, most of which are free. Details of
these are avaitable from your local Library or Job Centre — and from
our Useful Addresses section.

Don’t forget that the leading banks all publish material to help
and advise new businesses. The National Westminster and Midland
banks, in particular, produce excellent booklets. The Midiand have
a particularly useful one on the business plan in worksheet form.
These should be available over the counter.

Finally, remember that the most important reason to write a
business plan is to help you sort out J/our ideas and thoughts. It will
show you the commitment required and problems you are taking
on. it should show you whether the business will work or not. Once
you are sure of your business idea you will be in a stronger position
to convince potential investors or backers. Now do you see why
you need to think it through?
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GOING IT ALONE

Marcus Smith talks to a consultant engineer about electronics
consultancy, how to run and not to run a company and the
pros and cons of working in a team.

fter two years as his own boss, David Roberts is
Ain a position to appreciate the pros and cons of

independence. A consultant designer of PA and
lighting control circuitry, he divides his time ‘almost
equally’ between customers, and his office in west
London. He is almost the textbook industry boffin,
lanky, smart anorak over his business suit, expensive
briet):case, modest beard, Reebok trainers. He stands
out instantly as the Consuiltant Engineer.

Personally, Roberts does what he always wanted to
do: he makes things work. Professionally he knows
that he is at the crossroads.

A consultant can make a comfortable living for an
honest day’s work, but Roberts wants to aim for the
higher rewards of the successful entrepreneur. His
ideal is to keep both executive responsiblity and
close links with practical engineering.

He knows that the ideal is hard to realise, because
he has tried it before.

After six years in a company formed with two
college friends, he resigned, a round peg in a square
hole, putting himself ‘aimost back to square one, say
square one and a halif.

‘We were all rather
unprofessional, and the
unprofessionalism won out under
pressure ...’

What was your original career plan when you left
college?

‘I wanted to work for myself even when | was at
school. | had health problems which meant that keep-
ing fixed hours was not as productive as flexible ones,
At college | made two good friends, one who wanted
his own company, and a brilliant chap who just wan-
ted to work with microprocessors. We agreed in prin-
ciple that we would start a company as soon as we
had the resources.

Did you go solo soon after you left university?

No. 1 worked in Essex for two years, designing
audio circuits, and then with a test equipment com-
pany on flexi-time. This suited me much better — if |
got tired, | could leave and make up the time the next
day. My health bothered me less, and | began to look
around for bits of freelance work.

About this time, friend number one felt that he
wasn’t getting any further in his job, and we talked
about the company again. We were both earning well
and living cheaply in east London, our wives were
ready to support us, and | had been offered two
freelance projects by J)eople | knew before. We
decided on a limited company to have some
individual protection in the event of financial failure,

A limited company protects its executives from
massive personal debts if the company goes into
liquidation for any reason ...

Yes and no. If a company has a lot of credit, and
goes into liquidation, the directors aren‘’t personally

40

bankrupted. But if they have personal securities
against loans, or have put money into the company,
they lose that money.

You might lose your house if you had secured a
loan on it which you couldn’t cover. With a new com-
pany with no capital value, the only way to raise
money, apart from venture capital which splits control
of the company, is by personal borrowing.

What did you actually start with?

| had been offered some lighting control by one
company and industrial video add-ons by another
one. | was the first to leave my job and start work
alone. The office was in my spare bedroom, and we
had a light box and a small work bench for prototyp-
ing. Six months later one of my partners joined me.

Everything didn’t go too smoothly at first. We were
all rather unprofessional, and the unprofessionalism
won out under pressure. We lost a great deal of
customer confidence. Happily, we managed to
reverse the trend when we realised what was
happening.

What do you mean by unprofessional?

We fell into the trap of undercharging, and then
rushing the job. | think we should have aimed for the
quality, and then said afterwards, well, we
miscalculated the price, and in future it will have to be
more. There was a tendency to quote the lowest price
that was plausible, then find it took twice as long as
we had estimated, and to try and cut corners,

With microprocessors, it sometimes took us four
times as long as we had estimated. | was in the posi-
tion of saying, it's got to take longer, but the others
took a different view, If we tried to be coldly realistic
about estimates the customers were unhappy about
the cost.

You are talking about companies who were inex-
perienced, not simply trying to get a cut price job?
Oh, indeed, it was a mutual education process.

They had no idea what it involved and we were always
a bit too optimistic.

‘At one stage | was lending the
company about £6,000 just to pay
off creditors ..

Where were you working at this time?

Still in my back bedroom, and my partner had a
work-station in his home a few miles away. We
decided to move before we set up a permanent
office, so we went west till we found hosues we could
afford. Then it took another six months to find an
office in the town, with a small workshop.

We had just moved when one of our customers
had its funding called in by the NRDC (National
Research and Development council). They developed
a machine and then discovered that their potential
customers wanted something different. They got a
further grant from the NRDC, but a few weeks after
that, just as a few machines were being sold, the
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INDEX 1986

INDEX 1986

1986 is (almost) over and it’s time to take stock of all the great articles ETI has
broughtyouinthelast 12months. Regularitems suchas News Digest, Read/Write,
Open Channel, Playback, etc, are not included, but all major features and project
articles are listed below (cross-referenced two or three times in some cases to
make them as easy to find as possible) along with Tech Tips, Circuit Solutions and
Reviews. We have also listed all corrections and updates relating to major

articles.
L4

Projects

Article Part Month Page

Activator sound processor Jan
Errata Jul

Amplifier for personal stereo

systems (Walkmate) Jan

Amplifier, Matchbox Apr

Amplifier, Microamg Feb

Amplifier, portable PA part1 Apr
part2 May

Audio Analyser Oct

Audio Selector, digital part 1 Nov
part 2 Dec

Autowipe windscreen wiper delay Jan

Baud Rate Converter May
Errata Oct

BBC Motor Controller Jul

Biofeedback Monitor part1 Nov
part2 Dec

Bongo Box Dec

Capacitance Meter Module Mar

(free PCB project)

Cave communication system,

VLF (ETI Troglograph) part 1 May
part 2 Jun
part 3 Jul

Commodore 64 drum synthesiser
(Bongo Box) Dec
DC-DC converter
(gortable PA amplifier) Apr
Digibaro (digitat barometer) part 1 Feb
part 2 Mar
Errata Oct
Digital Audio Switcher part1 Nov
part 2 Dec
Digital counter-timer
(modular test equipment) Jan
Digital Panel Meter Aug
Digital sound sampler part 3 Jan
part4 Feb
part 5 Mar
part 6 Jun
part 7 Jul
Direct conversion receiver for

80m part 1 May

part 2 Jun
Directlon (ioniser) Jul
Eight-digit timer/counter

(modular test equipment) Jan

cighty Metre Direct Conversion

Receiver part 1 May
part2 Jun
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30
56

41
40
38
19
43
43
26
47
50
33
63
34
23
50
43
30

24
38
50

43

19
26
50
53
26
47

54
41
47
42
44
48
44

40
44
30
54

40
44

Article Part Month Page
Experimental Preamplifier Sep 45
Framestore, Low Cost part1 Sep 36
part2 Oct 48
part3 Nov 43
- Free PCB Projects part1 Mar 30
part 2 Apr 42
Frequency counter, PLL part 1 Oct 28
part2 Nov 29
Frequency Meter Module Apr 46
Granny Isolator
(TV headphone adaptor) Jun 52
Helmet intercom May 28
Errata Oct 63
Intelligent Call Meter part1 Aug 36
part2 Oct 53
part3 Nov 53
part4 Dec 54
Intercom May 28
Errata Oct 63
loniser Jul 30
Low-Cost Framestore part1 Sep 36
part2 Oct 48
part3 Nov 43
Mains conditioner Sep 42
Matchbox Amplifier Apr 40
Memo Minder (free PCB project) rvrar 33
Microamp Feb 38
Microcomputer, 6809-based part1 Jan 36
part2 Feb 31
part 3 Mar 47
part4 Apr 49
Microlight Intercom May 28
Errata Oct 63
Modular Test Equipment —
8-digit timer/counter Jan 54
Motor Interface for the BBC Jul 34
NAB equalisation stage
(free PCB project) Mar 35
Opto switch Memo Minder —
free PCB project) Mar 33
Panel Meter, Digital Aug 41
PLL Frequency Counter part1 Oct 28
part2 Nov 29
Portable PA Amplifier part1 Apr 19
part2 May 43
Preamplifier, Experimental Sep 45
Preamplifier, Virtuoso part1 Jun 34
(Upgradeable Preamplifier)
part 2 Jul 38
part3 Aug 47
part4 Sep 49
part5 Nov 46
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Article

Preamplifier, Valve
Programmable Logic
valuation Board
RIAA equalisation stage
Schmitt Trigger with variable
hysteresis (free PCB design)
Sound Sampler, Digital

Telephone call meter

Temferature Alarm

(free PCB project)

Touch Switch (free PCB project)

Trigger Happy (free PCB design)

Troglograph VLF
communications system

TV headphone adaptor
(Granny Isolator,
Upgradeable Preamplifier
ETI Virtuoso)

Valve Preamplifier
Walkmate
Windscreen wiper delay unit

.

(Autowg)e)
6809-based single-board
microcomputer

Aug

Mar
Mar

Oct
Jan
Feb
Mar
Jun
k:l
ug
Oct
Nov
Dec

Apr
Apr
Oct

May
Jun
Jul

Jun

Jun
i\ul
ug
Se
N(Ev
Aug
Jan

Jan

Jan

Feb
Mar
Apr

32

37
35

26
47
42
44
48
44
36
53
53
54

44
42
26

24
38
50

52

34
38
47
49
46
32
41

50

36
31
47
49

Tech Tips & Circuit Solutions

Analogue Opto-Isolator
Automatic Testing On
A Home Micro
Cortex Video Fix
Courtesy Light Delay/Lights
Minder
Data Encryption Using
Seeded Random Numbers
Dual colour LED Driver
Easier Tape Loading
For Spectrums
Electronic Odometer
High Voltage Constant
Current Source
Interfacing The QL
Low Cost Door Alarm
Multi-Channel Electronic
Sig\r;al Switching
Over-Voltage Indicator
Power Booster For MOSFET
amplifiers ,
Practical Data Encryption
(on a BBC micro)
Program Cuer

42

Jan

May
Feb

May

Jun
Nov

Jun
Aug

Sep
Aug
Mar

Jan
Oct

Oct

Apr
Aug

60

48
52

56

54
57

54
57

56
56
54

60
57

S/

52
56

Part Month Page g

Article

Pulse Adding Circuit

PWAyMan Mode! (train)
Controller

Regulated PSU

Repairing Personal Hi-Fi
Systems

RS232-Centronics Conversion

Self-Activating Siren

Simple Fuzz Unit

Simple Percussion Noise Gate
Speaker Mute

Speaking Alarm Clock

Spectrum Sync Pulse Separator
Switching Regulator

System A Update

Telephone Answering Device
Torch Locator

Touch Switch

Two-Chip Auto-Dialler
Variable Pulse Burst Generator
Variable Rate Joystick Autofire

Part Month Page

-

Nov 57
Feb 49
Apr 55
May 56
Mar 52
Errata Oct 63
Mar 55
Dec 58
May 56
Aug 57
Aug 52
Errata Oct 63
Dec 58
May 57
Feb 54
Apr 55
N{)ar 54
Jan 60
Feb 55
Sep 56
Aug 56

Features
All On Board (PCB design)

Automatic Test Equipment
Avoiding common design faults
Batteries

Better By Design

Bias Report

CAD on a micro

CD-ROMs — The Future of
Mass Storage

Charge Of The Light Brigade
(batteries)

Constant current supplies

part1 Jan 18
part2 Feb 18
part4 Feb 24 .

Mar 27
Sep 19
Mar 27
Sep 24

part 1 Jul 24
part2 Aug 19
part3 Sep 28
part4 Oct 20

Oct 22

Sep 19

Apr 32
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Danger — Electronics At Work
Designing Transistor Stages
Digital Superglue

Display technology

Erasable CDs

Fast One, The (gallium arsenide)
Fibre Optics And Lasers

FM From The Beginning
Gallium arsenide
Hardware Design Concepts

Health problems in the
electronics industry

Jobs For A Change

Lasers and fibre optics

LM2917 Tachometer IC
Microcomputer-Aided
Circuit Design

Micro Expansion

Musical Instrument Amplifiers
Next Great Little IC,

The (LM2917)
Oscillators, RF

Present And future Machine,
The (short story)
Printed Circuit Board Design

Programmable Logic
Power MOSFETs
Reader Surve¥
Right Sound, The
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Aug
Feb
Feb
Mar
Oct
Jan
part 1 May
part 2 Jun
part 3 Aug
Dec
Jan
Aug
Sep
Oct
Nov
Dec

part 3

part 1
part 2
part 3
part 4
part 5

Aug

Jul
part 1 May
part 2 Jun
part 3 Aug

Dec

part 1 Jul
part2 Aug
part 3 Sep
part 4 Oct
part 1 Mar
part2 Apr
Dec

Dec.
Jun
Errata Oct

Jan
part1 Jan
part2 Feb

Feb

Nov

Jul

Dec

Part Month Page

INDEX 1986

Article
RF Oscillators

Part Month Page

Jun 19
Errata Oct 63
Satellites — Setting The

World Alight? Jul 19
Short Story Jan 22
Show Must Go On, The Mar 22
Tape Bias Se 24
Transistor Stage Design part 3 Fe 20
TV Or Not TV Apr 26
Reviews
Books Month Page
Advanced Programming with the
Sinclair QL Mar 61
Basic Electronics Theory with Projects
and Experiments (2nd editions) Aug 62
Build A Personal Earth Station for
Woridwide Satellite TV Reception Jan 69
Ciarcia’s Circuit Cellar Vol. IV Jan 68
Cost-Effective Electronic Construction Jan 69
Easy Add-On Projects for the
Commodore 64, Vic-20,
BBC Micro and Acorn Electron Jan 69
Experimenter's Guide To Integrated
24 Circuits, The Jan 69
20 Experimenter’s Guide To Solid State
44 Diodes, The Jan 69
22 Electronic And Micro-Controiled
22 Security Projects Jan 68
24 Exploring Light, Radio and Sound
21 Energy with Projects Jan 69
24 IC Master, 1986 Sep 66
27 Introdution to SuperBASIC on the
21 Sinclair QL Mar 61
24 Linear IC Equivalents and Pin
30 Connections Sep 66
33 Microwave Debate, The Sep 67
17 Inside The Sinclair QL May 61
20 QL Com utiné Mar 61
26 Sinclair QDOS Companion, The May 61
Sinclair Story, The Feb 60
24 68000 Machine Code Programming  May 61
28 68000 User Guide May 61
21 Hardware
24 INTRO Introductory Kit Apr 61
27 Sonlg Discman D50 Mkl! portable
30 isc player Jun 60
24 Superkit 1 and Superkit 2 Apr 61
19
28
20 If you wish to order copies of any of the articles listed in
18 this index, you can obtain backnumbers of the relevant
29 issues from Infonet Ltd, Times House, 179 The
16 Marlowes, Hemel Hempstead, Hertfordshire HP1 1BB,
tel0442—-47432.The cost wilibethe present coverprice
30 of the magazine plus 50p to cover postage, etc. If on
19 applying you find that Infonet have sold out of the issue
63 you require, you can obtain photocopies of individual
articles direct from us. The address is the ET| Photocopy
22 Service, 1 Golden Square, London W1R 3AB. The cost s
18 £1.50 per article including return J)ostage to you, but
18 notethat, where an article appeared in several parts over
44 a number of months, each part will be charged as one
16 complete article. Cheques and Postal Orders for both
36/37 backnumbers and photocopies should be made pay-
16 able to ASP Ltd. ETI
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COMPLETE
SECURITY
SYSTEMS

|
US 5063 £13.95 +var

DIGITAL ULTRASONIC CK 5063 £37.00 +var 2561, | demonstration.
MOVEMENT DETECTOR SELF CONTAINED ULTRASONIC ALARM KIT S0FOOTLR. Monday to Friday
& Shown above is a smalf sample of our comprehensive range which includes: BEAM Yam te 5pm

Magnetic contacts W Vibration switches y Bell boxes  SYSTEM
% P.A. switches % Cable % Door & window locks etc. etc.

Send for full
details or come
to our Showroom
and see the

units on

IR 1470

Closed Wednesday
Saturday 9am te 1pm

Dept ETI 60 Add 15% VAT to all pric
Add 75p post undpcclng to all orders

FROM THE SECURITY SPECIALISTS RISCOMP LTD. & "5V

(Tick one box onlyl

MAKE YOUR INTERESTS PAY!

More than 8 miliion students throughout the world have fourdt it worth thelr whilel An

CS home -studly course can help you get a better job, make more money and have more
fun out of fife! ICS has over 90 years experience in ROMe SRIdY Courses and is the largest
correspondence SChoot in the workd. You leam at your Own pace, when and where you
warit under the guidance of expert "personal’ tutors. Fing Out how we can help YOU.
Post or phone today for your FREE INFORMATION PACK on the course of your choice.

you locked

. ELECTRONICS & COMPUTING

[ 121471218V .Y You don't have to continue working
on things you

gon't believe in, with people who'd want
up if they knew what you really thought . ..

Promoting Equality of Oppartunity. For businessas and
people who want a say in how their technology is used.

GCE over 40 ‘0’ and 'A" level subjects

EELE

Electronics O %%@%ﬁang 0 \ EfP Ltd, 28 Miisom St, BATH BA1 1DP (0225) 69671
Gl L I e L | | EXCHANGE RESOURCES
Electrical Engineering [ | Car Mechanics 0O | RECRUITMENT AGENCY
AR Ngr = S Denioaining o | & BUSINESS CONSULTANCY
3
|

-ﬂij How would you like to try an agency

icoa that reward

I“s lmemanonal Correspondence Schools, 312/314 Hsgh St.. Sutton. ;
SurreySMi 1PR. Tel 01-64395680r041 2212926(24 PDGEKEBS 17

CROFTON PM101

GREEN SCREEN 9"08

Metal cased monitor only £45
£51.75 incl. carriage.

31)

+ VAT,

This 9 inch metat cased, mono-
chrome monitor offers you the
chance to obtain a high quality

Be sure to ask for our
various catalogues.
We have a full range of

products including:

1—Discrete listening
devices
2—Plugs/sockets/
connectors/leads
3—Television accessories
4 —Security products
5—Computer products
6—NEC cased and
uncased monitors

businesses which respect vour views?
BATH 0225 69671

s you for ethical decisions? And deal with

(05448) 557

Just starting to refurbish
CCTV Cameras, and
Monitors, Ask For Details.
First Come First Serve,
these are very popular
items and won’t last
long.

CCTV camera at
attractive prices

product at a budget price!

SPECIAL OFFERS

BRANO NEW professional board and green

monitor. ONLY £30 + VAT and carriage. ZX81 H R ISH
Full sized keyboard in metal case £13.80 ]00klng fO r! piease aSk! we pro bab’y D R SR BRI

COMPUTER DESKS £20.

If you would like all our catalogues - Please send a 38p 9 x 12 S.A.E. | REERe VEE i gine Ry o e

THERE’S ALWAYS A SPECIAL DEAL | REERtarsrarsctrtm i
FOR YOU AT CROFTON PHONE YOUR OROER NOW!

B e k= T Joomp: et Fosns If we haven’t listed what you are MOST MAJOR CREDIT CARDS ACCEPTED

have it in stock.

OFFICIAL ORDERS FROM APPROVED IN

MENTS WELCOME

Delvery within 28 days

PHILIPS BM7502
Also in stock: PHILIPS BM7522
PHILIPS CT2007

Phone for todays best price

CROFTON ELECTRONICS

KINGSHILL, NEXTEND, LYONSHALL,
Nr KINGTON, HEREFORDSHIRE HR5 3HZ. B (ooaho) o

LYONSHALL
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;\IE:JDS asked for repayment and the whole thing
olded.

All we could find out was that the NRDC had
pulled out for ‘valid commercial reasons’. It happened
Just at the moment when we least expected it.

We lost two months turnover and hit a very
embarrassing dead patch when we had planned work.
To add insuit to injury, we had to pay VAT on the
money that hadn’t been paid! | believe there is now a
way of reclaiming VAT on bad debts, but there
wasn’t then,

We were also designing a microprocessor lighting
controller, a very complex project, on a very low

uotation. By dint of one of the partners working
through the night, round the clock, round the week,
round the month, it was completed to some sort of a
standard in time to save the company from
insolvency.

At one stage | was lending the company about
£6,000 just to pay off creditors. To do that | took a
high percentage mortgage which was costing way over
the odds. It was a year before | could change that, so |
had to borrow from my parents. The loan money was
eventually paid back, but | ended up £800 out of poc-
ket just from the mortgage.

‘There was a tendency to quote
the lowest price plausible, then
find it took twice as long as we
had estimated, and to try and cut
corners — with microprocessors,
it sometimes took us four times as
long as we had estimated ...’

You mentioned that the company was working on a
big microprocessor control project, and that one of
the partners was working very long hours, Why one?
Were you specialising?

No. It was very much this chap’s st?lle to set a tight
deadline and then work round the clock to meet it.
Some people thrive on that, and in this‘one case it was
necessary, but the trouble was that the work was
being planned for this kind of schedule. If there was
an unplanned problem, and there were usually
several, then the work was completed late,

This caused a lot of stress. On one occasion rgy
partners told me that | caused a week’s delay by a half
day spent finding a pin connection error on a com-
glicated PCB. Later a misprint was found in the data

ook, but | was in some mysterious way still held
responsible.

You said that your differences of opinion had some-
thing to do with working style. When did this start?

It did seem to me that our personalities and work-
ing styles clashed. There were serious disagreements
which ended in an extremely acrimonious split, but it
started with this software project, which was also the
time when the third partner joined the company.

1 think he, quite unintentionally, destabilised the
company. He is a very good engineer, better than
either of us by far, and | suppose because the
emphasis was on programming at the time, they came
to see more eye to eye and to find faults in my way
of working,.

When we started, we were writing in hexadecimal.
It was a new area to both of us, and | was very
unhappy about the amount of work we had to do ina
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short time. My partner seemed a lot more confident,
and so | let him take over the planning stages while |
got on with other work. He wasn't very interested in
circuitry, as [ was, and preferred Ero ramming,

1f we had been working together longer, perhaps |
would have realised that he was being confident to
convince himself that he could do the job, and he
would have realised that my anxiety needed practical
reassurance that he knew what we were taking on, not
just a show of bravado.

‘I want to design good work, and
make a reasonable living — |

would be very cautious before
considering another partner ...

This meant that we were often working at cross
urposes. If either of us had understood what was
appening, we could have solved it at the stage, or

broken up in relative peace.

When he took over the project we bought an
Apple Il computer. He installe(fit at his home — in the
bedroom — and sat up night after night with it. [ can’t
help feeling, now, that he was making a statement
about what all this meant to him.

In one software consultancy we knew of, the only
programmer who wasn’t divorced over a four year
period was the freelance who knocked off around the
same time every evening. Divorce is endemic among
programmers and company directors, It hasn’'t hap-
pened to me yet, I'm glad to say.

There was a fundamental difference between us,
The?' would do a 36 hour stint every so often, while |
couldn’t manage more than 15 hours in one go. My
work deteriorates or | damage something expensive, |
couldn’t take the pace they were setting on their
terms, and my commitment and usefulness were
devalued.

In what way did the disagreements become
acrimonious?

I require notice of this question. | think you have a
situation of positive feedback, where, once a disagre-
ment has started, it is easier for it to get worse. And
with three people — it seems very obvious, looking
back on it — there is a severe risk of a two-to-one split
occurring, whereas if you've got two, there’s nothin
to do but discuss things until you reach some kind o
agreement.

it got to the stage where it seemed to me that any
work | did would be torn to pieces and scrapped ... |
was virtually told at one stage, by my partners
assistant, who wasn’t an engineer, that it was a waste
of the firm’s resources for me to make a prototype
board, and | should get it right first time!

It was funny, but | eventually left because one of
my partners suddenly decided to side with me against
a plan put forward by the other one. The other chap
resigned on the spot. He and his assistant knew more
about the administration of the company than either
of us, and knew that the company wou?:d effectively
collapse if he left, so | offered to resign instead, and
that was that.

| decided to set up by myself as | had origiantly
planned, but the obvious conclusion was that | would
end up working for the same customers, who | had
right at the start. The others wanted those customers
to ensure the company’s viability. :

The notion that these quite large companies had
more work than either of us could tackle never seemed
to arise. Paranoia just took over. There were threats of

45



:
i
i

violence, among other things, because they were
worried that | might take business which they wouid
otherwise have had.

It sounds as though the company wanted to stop
you from working for people you had been working for
for a long time. Were they able to do this?

Legally they had no right, but | had joint standing
liability for the company’s debts, and they refused to
release me unless | gave them an agreement. There
waI\s also money which | had lent, or was owed in
salary.

| suggested that | should hold, say, ten per cent of
the shares to prove that | had an interest in the com-
pany — there were family ties as well — but they told
me that if | refused to sell them my shares for the face
value, they would make sure that the company never
had any more than the face value. They could in fact
have done this, by winding down the company,
transferring the business and assets to a parallel com-
pany, and winding up the original company in good
order but with no profits to the shareholders. | could
have lost the value of the shares compietely.

They wanted me to sign an agreement that |
wouldn’t work for any of their customers for two years,
and in return they would give me what | was owed.
Effectively, they told me that my contribution to the
company was of no signficant value, but on the other
hand | would threaten them as a competitor. In the
end | was released without an agreement.

The whole business was a mass of postures and
misunderstandings. | got most of the money which a
year earlier they said was owed to me. There were
some downward adjustments, which they said applied
to everybody, and | simply went along. in this situa-
tion, the pressure is great and you don't always see
things clearly.

hen | left my confidence was badly dented, and
I was bitter about the way they had tried to stop me
from working in my field. | owed a lot to friends who
knew something about both sides and were able to
give me as well as the others some support.

I want to design good work, and make a reason-
able living, | would be very cautious before consider-
ing another partner, but 1 know now that politics can
crop up wherever people are trying to do a job, and
you have to try to maintain people’s confidence in
themselves and in you, | would always make an effort
not to do to other people what was done to me.,

The worst thing, apart from the terrible lack of trust
around the breakup, was that | lost my two best
friends. At first | never wanted to see either of them
again, but when the mistrust died down they made an
effort to be friendly and my wife helped to smooth
things over. Now we are all doing reasonably well, and
| can look forward again to the next stage.

| can manage my own time again, and | have
gained back the two stone I lost in my last year at the
company. | wish [ had only gained back part of it!
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THE BETTER
' FLANGER

Invent a better flanger, they say, and the world will beat a
pathway to your door. Well, lan Coughlan has, so come on

world!

s if to reinforce the flanger's
A popularity, they appear with
seemingly monotonous
regularity as projects in electronics

magazines — even ET| has
published a few in its time. So why
publish yet another?

There would be little point if
each design was just a rehash of
earlier ones and not an
improvement on its
predecessors. This design seeks
to provide a level of performance
and sophistication at least a little
bit better than previous designs,
and, it is hoped, approaching that
of commercially available flangers.

How It’s Done

Flanging is closely related to
the chorus effect. This design is
even based on the chorus unit
that appeared in ETI, November
1985, using many of the same
components, and a modified
version of the chorus PCB. This
may sound like just the sort of
rehash mentioned above, but the
original chorus unit was an
improvement on eatlier designs
and the flanger improves further
onnoise performance and
frequency response.

Figure 1 shows the block
diagram of the chorus (a), and the
flanger (b). Note how similar they
are.

The classic chorus effect is
produced by delaying a portion of
the input signal, varying this delay,
and mixing delayed and
undelayed signals at the output.
These two signals will interact,
sometimes adding together,
sometimes cancelling out,
producing peaks and troughs in
the frequency response. As the
delay-time is siowly varied, so
these peaks and troughs will move
uﬁ and down the audio spectrum.
The effect is of subsidiary
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Fig. 1 Block diagrams of (a) the chorus unit and (b) the flanger.

(b}

instruments or voices almost but
not quite exactly mimicking the
original — hence the name
‘chorus’.

The delay-time of the chorus is
in the range 7 to 20ms, That of the
flanger (similarly varied by a
sweep generator) is shorter, in the
range 1 to 13ms. This is one of the
two maijor differences between
the two effects.

The other difference is the
addition of a regeneration control,
by means of which part of the
delayed signal is sent back round
to be re-delayed. This would be a
bit like reverberation if the delay-
time was not so short. |n fact, it is
regeneration that gives the flanger
its characteristic metallic sound.

Chip Is Down

The device at the heart of the
flanger is a Bucket Brigade Delay-
line (BBD), a TDA1022 IC which
has 512 stages, or buckets. The
principles of the BBD are dealt
with at some length in the chorus
unit project, ET!, November 1985,

page 49.

The BBD device used in the
chorus — a TDA1097 — cannot be
used in the flanger. For a delay of
between 1 and 13ms, the 1536
stages or buckets of a TDA1097
would require a clock frequency in
the range 59kHz to 768kHz (since
delay time equals number of
‘buckets’ divided by twice the
clock frequency). The TDA1097 is
only specified for clock
frequencies up to 100kHz.

The TDA1022, however, has
only 512 stages, and requires clock
frequencies in the range 19.69kHz
to 256kHz, well below the
device's maximum of 500kHz.

Alias Hiss And Tones

A BBD line is essentially a
sampling device and the clock
signal will interfere with the audio
signal. It will inevitably find its way
to the output, but at a much lower
amplitude than the audio signal
and at 19.69kHz minimum. In
other words, it will be barely
audible,

47

’



e

SK1
8V DCIN
A%

- +QV

Fig. 2 Circuit diagram of the flanger.

However, as the harmonic or
noise frequency components of
the input signal approach half the
clock frequency, the lower
sideband of the clock frequency
will become audible.

If frequency components
(noise, signal or harmonics) are

resent in the input to the BBD
ine, they will mix with the clock
si%?al to produce sum and
difference components, The sum
signals will be too high in
frequency to be audible, but the
difference signals may be well
within the AF range.
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Fig. 3 Sweep generator output
(1C3-14)

TIME
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The circuit has a low-pass filter
after the BBD line with a cut-off
frequency of 6.2kHz and a siope
of —20dB/octave. On its own, this
filter would get rid of most of the
difference signals — but the
design has the added luxury of a
similar low=-pass filter before the
BBD line.

Since input signals to the BBD
drop off rapidly above the filter's
cut-off frequency, difference
signals below 13kHz also drop off
rapidly. This reduces the amount
of work the second low-pass filter
has to do.

A cut-off of 6.2kHz may seem
very low, but flanging — like
chorus — becomes inaudible
above this sort of frequency. In
any event, only the delaye
portion of the final output is
affected: the undelayed signal is
not filtered.
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HOW IT WORKS

IC2a (Fig. 2) is connected as a high-
impedance input buffer, and R5 and C5
provide high-frequency pre-emphasis,
or boost, to the input signal. Part of this
signal goes to the output stage and part
goes to [C2b, which has a gain of about -
15dB, and then through a low-pass filter
built around 1C3a.

This filter prevents high frequency
components from reaching the BBD Line,
1C4, where they may otherwise interfere
with the dock signal, producing aliasing
effects.

IC4 requires two bias voltages — pro-
vided by the divider chain R20, R21, and
R22 — and two anti-phase clock signals
— supplied by IC5, which is a 4046
phase-locked loopused hereasavoltage
controlled osdillator (VCO).

1C4 is specified for a supply voltage of
no less than 10V. Because thisis a battery-
powered unit,andthe supply to IC4must
be the same as that to IC5 (which has to
be regulated), so 5V is all these two 1Cs
get. The BBD device will still function,
but the performance will suffer, and in
particular, the attenuation from its input
to output will be very much higher at this
reduced supply voltage.

1C3bis connected asanother low-pass
filter, and gets rid of most of the clock
frequency and high-frequency noise from
the output of the delay line. Q1, a field-
effect transistor, functions as a simple
switch to gate the signal through to the
next stage, depending on whether or not
the effect is selected,

The next stage is an amplifier based on
1C3c¢, with enough gain to compensate
for the attenuation of the delay-line. The
output from IC3c goes to the output
stage, 1C2c, and alsoback to 1C2bvia the
regeneration control.

The RC network (R17 and C11) across
the feedback resistor (R16) of IC2c will
reduce the high-frequency response of
this stage, but remember that the signal
received HF pre-emphasis at the input
stage, so the overall responseis flat. This
de-emphasis on the output stage also
serves to get rid of a little more of the
noise generated by the BBD line,

The sweep generator is built around
IC6, 1C3d, and IC2d, 1C6a is an inte-
grator, and 1C6b is a Schmitt. If the
voltage of 1C6 pin 7 is of a sufficiently

high level, pin 1will also be high. This will
cause pin 7 to ramp downwards at arate
determined by R34, C23, C24, and the
rate control. When the voltage is low
enough, 1C6b will switch, sending its
output low and causing pin 7 to ramp
upwards, repeating the cycle.

The output from 1C6a pin 7 is a friang-
ular waveform, and is not much use for
driving the VCO, which in turn deter-
mines the delay-time. As the triangular
waveform reaches its lowest point, so
the delay-time is at its longest, and the
rate-of-change of the delay-time is high
enough to cause a change of pitch in the
audio signal passing through the delay
line, resulting in ‘whooping’ effects.

The solution is to slow down the rate-
of-change as the delay time approaches
the 13ms end of its range. This is achieved
by utilising the fact that bipolar transis-
tors have a very non-linear switch-on_
characteristic at low levels of base cur-
rent. This characteristic is used to turn
the linear ramp output of IC6 into some-
thing approaching that shown in Fig. 3.

Atthe 2msend ofthe delaytimerange,
the rate-of-change is high butinaudible.
At the other end, the rate-of-change is
much lower. RV3 and RV4 are used to
adijust the shape of the waveform,

This modified ramp signal isappliedto
one end of the width control, and at the
other is 2 DC voltage, set by the position
of RV4; the manual control. With the
width control fully cdockwise, the VCO
gets its control voltage entirely from the
sweep generator, so the delay-time is
swept across its range, Turn the width
control fully anti-clockwise, and the
VCO frequency is set solely by the
manual control. Thus the width control
provides the option of a fully swept
delay-time, a fully manual delay-time, or
anything in between.

The effectis selected by the footswitch,
SW1 or by a remote switch connectedto
the REM socket.

All the op-amps are supplied with
+9V, except 1C6, which gets +5V. The
BBD line and its clock generator are also
supplied with +5V from 1C1, a 78105
voitage regulator. Some parts of the cir-
cuit require half the battery voltage, and
othersrequire +2.5V. Thesevoltagesare
provided by potential dividers.

PROJECT: FLANGER

The bulk of the energy in most
music is contained in the low
frequencies, so a little bit of high-
frequency pre-emphasis is added
to the flanger's input signal. This
gentiy lifts the top-end of the
input signal above the noise
generated by the BBD line, under
which it may otherwise get lost.
De-emphasis has a further benefit
in that it also filters out a little
more of the noise introduced by
the BBD line.

The delay time of the flanger is,
of course, completely adjustable
within the range 1 to 13ms. Rate,
width, and manua!l controls allow a
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wide range of effects to be
obtained.

With the width control at a
maximum {fully clockwise), the

deiay time will sweep from
maximum to minimum, at a speed
determined by the position of the
rate control. As the width control is
turned anti-clockwise, so the
width of the sweep is reduced,
until it reaches zero sweep. At this
point the delay time is set by the
manual control and the rate
control will have no effect.

The regeneration control lets the
user determine how much of the
signal will go back into the BBD

line to be re-delayed. With the
regeneration control fully anti-
clockwise, the flanger will sound
something like a chorus, not
surprisingly, perhaps, given the
similarity of the two circuits. With
the regeneration control at a
maximum (fully clockwise), the
flanger produces an intense,
metallic sound.

Construction

Begin by fitting the four jack-
sockets and the wire link to the
PCB. Sockets can be used for IC4,
IC5, and IC6, but not for IC2 and
IC3, since height is restricted at
the end of the PCB when the unit
is assembled in its case. The jack-
sockets must be the
recommended type or they will
not fit the holes on the PCB.

Next, fit resistors, capacitors,
and presets. Note that most of the
capacitors at the same end of the
board as the sockets are mounted
flat, again because of restricted
height.

Continue assembly b?/
soldering lengths of insulated
connecting wire between the
points shown on the PCB overlay
diagram, and connect the four
potentiometers and the LED. Next,
wire-up the battery connector, and
fix the two battery éuide pillars.
The switch may be fitted
temporarily for testing the PCB,
but will have to be removed
before the board can be
assembled into the case.
Alternatively, use a piece of
insulated wire.

The PCB can now be tested. An
oscifloscope will be necessary for
accurate setting-up of the flanger.

With a battery connected,
press the switch and check the
LED lights. Connect the scope to
IC5 pin 2, and check that a square
wave signal is present, with an
amplitude of about 5V peak-to-
peak. With the width and manual
controls fully anti-clockwise, adjust
PR3 until the fregency of the
square wave is about 20kHz. Turn
the manua! control fully clockwise
and check that the fre%enc rises
to about 250kHz. If either of these
frequencies is outside the range of
adjustment of PR3, try altering the
value of R45. A frequency counter
could be used for accurate setting
thhe limits 19.69 kHz and 256

z.

Next, connect the scope to |ICé
pin 7, and check that a triangular
waveform is present , with an
amplitude of about 2V peak-to-
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peak. With the rate control fully
clockwise this frequency should
be about 10Hz, and fully anti-
clockwise it should be about
0.1Hz, :
Connect the scope to tC3 pin
14, and check for a waveform
similar to that shown in Fig. 3. PR1
adjusts the shape of this
waveform, and PR2 its offset.
Connect the scope to IC5 pin
2. Turn the width control fully
clockwise and the rate control
fully anti-clockwise. The frequency
of the signal should be slowly
changing between the previously-
set limits of 19.69kHz and
256kHz. Use PR1 and PR2 to
make any final adjustment. A
frequency-counter cannot be used
for this measurement, because the
frequency is constantly changing.

The Case

The PCB of the flanger was
designed very much with a
articular box in mind. Everything
its very snugly. If you cannot get
hold of the same type of box, then
use a larger one, to avoid cramping
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the components. Drill the box as
shown in Fig. 4. Again, if using the
same type of box, take care to get
these dimensions right, since there
is not a lot of room to spare inside
and the sockets must line up with
the holes on the rear of the box,
and the switch with the 6.35mm
hole on the top.

Rub down the box with
wet'n’dry paper. Clean the box
thoroughly, prime it, then paint it
in the desired colour. Dry-transfer
lettering can be applied when the
paint is dry, and a coat of Let-fix or
Letracote applied to protect the
lettering.

If the switch was soldered to
the PCB, remove it, and fix it
loosely in position in the
appropriate hole in the box. Don't
tighten it up yet, Fix the
potentiometers to the box (a nut
and a shakeproof washer on the
inside, a nut on the outside).

With a fibre-washer (supplied
with the sockets) on each of the
three jack-sockets, offer the PCB
up to the box, passing the sockets
through the holes in the rear of the
box. Gently move the PCB and

switch around until the switch pins
line up with the holes in the PCB.
Solder the switch to the board,
and tighten the switch from the
front. Also, tighten the
potentiometers and fix the
securing nuts to the jack-sockets
(the small socket is not fixed to
the box).

Add the switch button, and the
control knobs. Glue a piece of thin
foam rubber to the inside of the
box to prevent the battery moving
around. Connect a battery, and fit
the baseplate. A piece of rubber
may be glued to the base-plate to
stop the flanger from sliding across
the floor. Test the completed unit
by applying a signal of about 1kHz
at a few hundred mV to the input
socket. The inﬁut socket
incorporates the flanger's on/off
switch. Connect a scope to the
input and output alternately, or
use a dual beam scope. Press the
footswitch until the LED is off, and
check that input and output are
virtually identical. Press the
footswitch again, and the output
waveform should start to subtly
alter in shape.
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PARTS LIST BUYLINES _____
RESISTORS elect.
R1,2,6,45,46,47 47k c11 4n7 polystyrene The %" jack sockets used in the pro-
R3, 21,24, 32,40 10k C13,15 150p polystyrene totype are made by Cliff and are
R4, 42,44 470k c14 56p polystyrene designed for PCB mounting. They are not
RS, 16, 23, 35,36 22k €25, 26 100n polyester readily available in small quanities but
R7,14,19, 26,30, 100k 23,24 417 16V tan. their pin spacing is the same as that of
31,37 Cliff’s panel mounting %’ jack sockets
R8 200k SEMICONDUCTORS which are available from Electrovalue.
R9 33k IC1 78L05 The panel mounting type have solder
R10, 38 150k IC2, 3 TLO74 tags with eyelets rather than pins, butitis
R11, 15,27 62k IC4 TDA1022 a simple matter to cut away one side of
R12, 20, 22, 28 3k3 IC5 4046 the eyelet so as to leave a pin narrow
R13, 29 2k7 ICé TLO82 enough to suit the holes in the PCB.
R17,43 12k Q1 BF244A Other makes of jacket socket available
R18 470R Q2,4 ZTX500 from other suppliers may also be suit-
R24 91k Q3 ZTX300 able if so modified but we have not
R33 120k D1,2 1N4148 tried this.
R34 20k LED1 miniature red LED The potentionmeters used are also
R39 18k with mounting supplied by Electrovalue and are from
R41 15k bezel. their P20 range. Electromail stocka suil)-
R48 3k9 able switch {catalogue number 339-241
RV1 1MO linear pot. :":?CE LEANEOSS RN threr and a 15mm button for it (catalogue
RV2 2M2 linear pot. At number 339-279 for a pack of three) but
T jack-socket, PC
RV3 100k linear pot. mounting, with they donot stock ashroud asused on the
RV4 10k linear pot. switch prototype. A switch with a shroud is
PR1 220* horiz. SK2, 3 %” stereo iack available from Electromatch for £4.15
skeleton preset 2 sockets, PC including post and packing. The part
PR2 22k horiz. mountil't numbers are MPA106D for the switch,
skeleton preset SK4 3 staeg jack C23 for the button and G13 for the
PR3 47k horiz. socket PC shroud and you can contact them on
skeleton preset moum{ng, with 0403 - 814111 to obtain up-to-date
CAPACITORS switch ordering.informaﬁon.me boxismadeby
C1,2,3,12,16, 10 16V radial SW1 SPDT alternate STCandis type nun!ber 73.)3998. It costs
21,22 elect. action push-button £1.9? plus VAT but inclusive ?f post.and
c4 1u0 63V radial switch, panel packing from STC Electronic Services
elect. mountling Ltd, Edinburgh Way, Harlow, Essex
C5 2n2 polystyrene PCB: case; knobs; battery connector; CM20 2DF. All of the other components
€6,7,18,19 1n8 polystyrene two 20mm pillars, with screws to fit; IC are available from our regular. adver-
C8, 20 22n polyester sockets; 9V battery, PP3 or similar; con- tisers. The TDA1022 is available from
9 220n polyester necting wire; thin foam rubber; rubber Maplin. The PCB will be available from
C10,17 4u7 40V radial our PC8 Service.

sheet for base.
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. THERE ARE 5 WIRE LINKS
LABELLED AR CD
CONNECT ATO A" ETC

LED1

Fig. 5 Component overlay for the
flanger.
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DIGITAL AUDIO
SELECTOR

Andy Armstrong completes this project with a description of the

audio board an

power supply construction, and suggests an

alternative arrangement for those who wish to make use of all

eight channels.

should function very well,

There should be no
detectable crosstalk between
signal sources even with the
volume control turned to
maximum and the input selector
switched to a silent channel: for
example, with the cassette
recorder on pause while another
channel is playing. At that setting
of the volume control on the
prototype pre-amp, the speakers
would be overloading. Many
systems using mechanical
switching give a much inferior
performance in this respect.

T he completed signal selector

Crosstalk to unconnected
inputs does occur, but this is due
to stray capacitance between the
inputs rather than to stray
feedthrough to the output. Once
an input is connected to a signal
source with a medium or low
output impedance, crosstalk
disappears.

Oops!

Since writing last month's
instalment, some necessary
changes have come to light.

The onlr‘significant error

related to the power supply to the
disc equalizers. The supply

connections used in the circuit
diagram were taken from an old
data sheet which has been found
to be incorrect, while the diagram
of the pin-out was taken from a
later, corrected version. Just
reverse the + and - signs on the
circuit diagram of the disc
equalizer and all wiil be correct.
This does not affect the PCB.

Optional Components

To avoid confusion,
component numbers from the left
hand channel only will be used
wherever possible.

OVIN4 INS
PHONO -
“INPUT (R) s
{INPUT 1
POWER
INPUT
12V
- 12V
- OV
............. sl onas 2
. <
e S
LHOOOCTovo ot s I ov
C0 7 tatat 0 s MR 10 voLume
Lo | CONTROL
PHONO ; <
INPUT it ) p—
{INPUT 1} ~ap—e B > = (N 7
OV iz @ E ) bt OV
x = TRACK PINS
IN2Z IN3 OV INA IN5 DV
Fig. 1 Component overlay for the audio board, the circuit of which was given last month.
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The PCB has been designed to
accept a number of optional
components, many of which may
not be used in any given
application. As a result of testing,
four of the components
designated as optional last month
must now be regarded as
necessary, C19 — C119 and R51
— R151 should be fitted in all
cases, because the disc preamp
gives a significant output offset for
several seconds after the unit is
switched on. It could be harmful
to feed this to the next stage or the
power amp.

Moving to the inputs, there is
one optional resistor in the disc
equalizer. R1 may be added to
lower the input impedance
without affecting the low
frequency response of the stage.
Because most magnetic cartridges
prefer an input impedance of
about 47k, R1 would normally be
fitted, and would have a value of
100k.

All the remaining input buffers
are similar. R16 will lower the
input impedance, although this is
usually unneccessary. It might be
100k or so. The input buffer stages
are also provided with optional
attenuation or gain, to cater for
unusually high or low output signal
sources. Some tuners, for example
have a low enough output level to
benefit from some extra
amplification.

if gain is not required, R20
should be replaced with wire link,
and R14 omitted. If gain is
required, both R14 and R20
should be fitted. The gain
provided is calculated by the
formula R20/(R14+R20). The
range of resistor values is not
important, but as a guideline, R20
should be in the range 4k7 to 47K,
the higher values being
appropriate to higher gains. Of
course, the hi%her the gain used,
the more non-linearity will occur
at high frequencies, but gains of
up to five should prove no
problem.

Attenuation might be useful on
one auxiliary input to allow, for
example, the earphone output of a
radio to be fed in to allow
recordings to be made from
medium wave, The amount of
attenuation is given by the ratio of
R17 to R18. The values should be
chosen so as to keep the series
resistance, R17 + R18 to
approximately 100k. If attenuation
is not required, R17 should be
replaced by a wire link, R14
should be omitted and R18 shouid
be left in place. R16,17 and 18
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PARTS LIST — AUDIO BOARD

PROJECT

RESISTORS
R1, 101 100k
R2, 8, 12, 15, 18, 23, 100k

28, 33, 38, 43, 48,

102, 108, 112,

115, 118,123,

128, 133,138,

143,148
R3, 4, 103,104 330R
RS, 105 47k
R6, 106 6k8
R7, 107 1k0
R9Y, 109 2k2
R10, 110 1k5
R11, 111 10k
R13,14,113,114 470R

*R 16, 17, 19, 20, 21, optional {see text)
22,24, 25, 26, 27,
29, 30, 31, 32, 34,
35,37, 39,40, 41,
42, 44, 45, 46, 47,
49, 50, 116, 117,
119, 120, 121,
122, 124,125,
126, 127,129,
130, 131, 132,
134, 135, 136,
137,139, 140,
141,142,144,
145,146,147,
149, 150

|

CAPACITORS
C1,12,13,14,15, 470n polyester
16,17, 18, 19,
101,112, 113,
114,115, 116, )
117,118, 119
C2,102 470y 16V radial
el c
C3,103 100p, 0.2” pin
spacing
C4,104 6n8
C5, 105 2n2
C6, 106 680p
7,107 33n
8,108 1n0

C11, 111 optional* 470n polyester

SEMICONDUCTOR

1C1,101 HA12017
IC2 DG308
1C3 4051
1C4,5,6,7,8,9, 5532
104, 105, 106,
107
1C10, 11 DG507A

MISCELLANEOUS
PCB; 2 x five way Molex connectors;
wire, solder.

determine the input impedance,
so R18 should be chosen with that
in mind. it should probably not be
less than 100k.

The remaining optional -
componentsare C11and C111 on
the outputs from IC110. These are
only needed if the pre-amp is to
be used with a tape recorder
which could be damaged by a
short term DC offset on its inputs,
Their value is 470n.

Optional Channels

As well as having optional
components in each channel, the
switcher has optional channels,
The PCB is laid out for eight
channels, but components for
unwanted channels can be
omitted completely.

If only six channels are to be
used, |C8 and its associated
components can be omitted (see
ETI, December 1986, p.49).
Unfortunately, the strictures of a
practical PCB layout required the
use of 2 of each of IC7 and 1C107
for the left and right channels of
input 6, so only the passive
components for input 7 can be left
out. The appropriate components
to omit may easily be identified
from the tables of component
numbers on the circuit diagram
shown last month (p, 49, Fig. 5).

If you are deterred by the cost
of the DG507s, and you do not
need the fancy tape monitoring
system, then IC10 can be left out,

and C19 and C119 linked to pins
28 and 2 respectively of IC110. In
this case, only one row of
pushbuttons will be needed, and it
will be impossible to monitor the
tape while a recording is being
made. The how!-round lock-out
will still work, however. 1t will only
be possible to record what you are
listening to at the time. Some
ﬁeople may not consider this a
andicap.

More Choices

If you wish to use all eight of
the inputs, the latch board shown
in Fart one (ETI, November 1986)
will not be suitable. The circuit of a
suitable latch is shown in Fig. 2. No
PCB layout is provided, but
experience constructors should
have no difficulty using Veroboard.

To test this piece of circuitry,
only a DVM and a power supply is
needed. The first thing to do Is to
try it out and see if the correct LED
lights up as each switch is pressed
and at the same time to check the
binary outputs with the DVM to
check that the correct binary
output is given for each switch
position.

If the unit does not work
correctly first time, the way to
locate the fault is to use the DVM
to check the logic levels on each
gate as the corresponding switch is
operated, and compare what
happens with the description in
the How it Works section. Any
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Fig. 2 Circuit diagram of an eight-way latch.
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HOW IT WORKS — 8-WAY LATCH

The eight way latch works on a totally
different principle from the 6-way latch
described in part one. The earlier fatch
circuit stores the channel number in
binary form. This one stores the chan-
nel in one-of-eight form, and then con-
verts it to binary for connection to the
audio switch PCB.

The conversion to binary is conven-
tional. The connections of the four
input OR gates correspond with the 15
in the respective columns of a threebit
binary truth table, Therefore the out-
puts of the gates correspond with
whichever row is selected by the one
of eight inputs. The truth table (Table
1) shows this pattern clearly.

The one-of-eight latch uses two
input AND gates wired so that one
input is always at logic 1, and the other
is normally at the [ogic level of the out-
put. A 3130 op-amp Is wired as a com-
parator with one input fed from
resistors connected to the CMOS gate
outputs, and the other set to a voltage
level between that received from the
CMOS gates when one of them is at

logic 1 and two of them are at logic 0,

When the output of the 3130 switches
to logic 0, it forces all the CMOS out-
puts to logic 0. When this effect pro-
pagates round the system, the
comparator switches back to logic 1.

1n this way, no more than one of the
outputs of the 4081s is permitted to be
at logic 1. For example, if output 1 is at
logic 1 and the output 2 switch is
pressed, then the two outputs will
reach logic one momentarily. The com-
parator output will now force all out-
puts to logic 0 momentarily and output
3 will switch to logic 1 to remain in that
state. In this way the channel number
has been changed in the time taken for
a few gate propagation delays.

>
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AD CHANNEL No,

“mosacome| P
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PARTS LIST —
2 8-WAY LATCH__

EIGHT WAY LATCH (optional)
(No PCB Layout is given.)

RESISTORS
16 x 22k; 1 x 470k; 1 x 3ko; 1 x 2k2; 1
x13 k.

SEMICONDUCTORS
1 x 4081; 2 x 4072; 1 x CA3130; 1 x
4051.

OTHERS
1 x 100p capacitor; 8 x LED/Switches
(see diagram).

fault shouid then stand out clearly.

Construction

Methodical assembly should
ensure that most switchers work
smoothly first time. Link all the
holes connecting to top tracks,
using track pins or pieces of tinned
copper wire, Some of the holes
connecting to top tracks have no
connection to anywhere else on
the underside. These connections
are intended to be used for top
soldering the braid of the
screened lead used for signal
connections, but if you prefer
soldering to pins then insert them.

It is advisable to build and
test the disc equalizer stages first.
Once these stages are built,
<connect up a 12V powersu pplg.
If you have a signal generator an
an oscilloscope then a signal check
is in order. After, or instead of, the
signal check, a DVM should be
used to measure the output offset
of the stage — this should be fow,
If the offset is likely to reverse
polarize C2, then C2 should be
unsoldered and inserted the other
war round so that it is correctly
polarized

Once the disc equalizers are
correct, the rest of the
components can be soldered in.
When wire links are needed (for
example, the R17 position) there
may be top tracks. You will need
to insulate the wire links or to use
zero ohm resistors in those cases.
Zero ohm resistors were used on
the prototype.

IC10,1C110, and IC3 are the
components most vulnerable to
static damage, so they should be
fitted last. The unit can then be
powered up on its own and the
offsets of all the buffers checked.
If any of them is high investigate it
for a short circuit.

Before connecting inputs and
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outputs, the switching system
should be checked. If you are
using the digital latch described in

ETI, November 1986 you will
notice that the connections to A0
and A2 are reversed on the
switcher board compared with the
latch board. The wires in the
connecting leads should be
swapped over. This can best be
done by hard wiring the lead at
the latch end, and using a Molex
connector on the switch board
end. In this way, the connections
to the latch boards can be kept
out of the way while the inputs
and outputs are wired up.

Wiring Up

All the signal connections

PROJECT: Audio Selector

should be made with good quality
screened lead. The braid should
be earthed at both ends, but the

-earths of different input channels

should be isolated from each
other. The existence of muitiple
earth paths could cause slight
crosstalk.

Because there are so many
connections to the PCB, the wiring
must be done tidily and
methodically, to avoid burning
some of the earlier leads when
fitting iater ones. An extremely
neat wiringf'ob can be achieved
with only a little effort (and a
number of cable ties).

When the wiring up is
complete, inciuding connection
of the power supply, you should
have a fuily working audio switcher.

FS1
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03 N T 1900 e D14~ 1N40D?
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LM317 LM337
0 -12v
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Fig. 3 The circuit of the regulated power supply.

HOW IT WORKS — PSU =,

This supply is designed to provide a
modest power output, but with
excellent regulation and ripple rejec-
tion. The PCB is laid out to take a 6VA
transformer. Bearing in mind that a
transformer should be de-rated when
run with a rectifier load and that there
are losses in the voltage regulators,
about 3 watts should be available for
the load. This is more than enough,

For the sake of round figures,
assume that the maximum load current
is 100mA. The ripple on the reservoir
capacitors can be calculated approx-
imately from the formula, voltage
change =It/C, and is 1V. Given that
the average voltage on the reservoir
capacitors is 17V or more, the voltage
will not dip low enough to incon-
venience the regulator ICs.

The regulator ICs themselves are of
a type in fairly common use, but they
are not so widely used as the 78/79

series Ics

The LM317 series 1Cs work by
maintaining a constant 1.2V between
the output and adjust terminals. Let us
take the positive regulator, 1C1, as an
example. The constant 1.2V is main-
tained across R1 which has a value of
120R, so the current flowing is a cons-
tant 10mA. This current, plus a very
small contribution from the adjust ter-
minal, flows through R2 and R5, which
have a net value of 1.071428571k. The
voltage across these resistors s
approximately 10.7V, so the output of
the circuit, at 1.2V higher, is 11.9V.
This is close enough!

Capacitors C3 and C5 serve to
reduce the ripple and improve the
transient response of the circuit. The
resulting performance is superior to
that of 78/79 series regulators, and in
practice no hum is audible on the
sound under any circumstances.
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Power Supply

The unit can be incorporated
into a complete amplifier with its
own power supply. In this case,
voltage regulators should be
added to provide £12V.A 7812
and a 7912 would be suitable, but
better would be an LM317 and a
LM337 wired as shown in the
power supply circuit of Fig. 2.

Whichever voltage regulators
are used, a heatsink should be
fitted at least to the-positive one,
and care should be taken that the
tabs do not come into contact
with the metalwork of the
amplifier.

f the selector is to be built into
a separate case, perhaps with
other modules to form a complete
pre—amcla, a power supply will be
needed. The circuit of Fig. 3 was
desi%ned for the purpose, and a
PCB layout for it is provided. The
voltage regulator ICs chosen for
this power SUPPIK give a better
ripple rejection than 78/79 series
regulators, and this point is very
important in sensitive audio
equipment.

Construction 11

Construction of the power
supply is qute straightforward. The
fuse clips will only accept a fuse if
they are fitted the right way round,
so look at them carefully before
fitting.

The board has been laid out
specifically to use the TO202-case
version of the voltage regulators
because this is cheaper, but the
standard TO220 type can be used
if the TO202 type is not available.
The heatsinks differ: TO202 types
have a fixing hole in the centre,
TO202 types have the hole
towards one end.

Heatsinks are not strictly
necessary if the power suply is
only used for the selector, but it
might be a good idea to fit them
anyway to allow enough power to
add further circuitry. Regulators
should be bolted down to provide
strength, and the boits should be
tightened before the pins are
soldered. if heatsinks are not used
on T0202-style regulators, then a
nut should be used as a spacer to
avoid bending the tab.

Testing is a doddle — but first
check that all the electrolytics are
in the right way round. The board is
faid out so that they should all be
the same way round. Then
connect up the mains and switch
on, Use a DVM to measure the
output voltages and the voltages
on C1 and C2, which should be
about £18 to £20V.
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PROJECT: Audio Selector

SPECIALIST IN COMPUTER ic's RETURN DESP.
ALL NEW HI-SPEC LATEST AND FASTEST DEVICES

- 1068 0.12 4094 Ga7 4526 0.32
COMPLYER, 1G5 2069 012 4000 026 4528 0.28
DAAM NMOS 15005 4071 012 4508 067 4532 0.44
4073 0.92 4510 028 4533 0.38
4075 012 4311 043 4539 0.35
3076 035 4312 0,32 4543 0.38
4077 020 ssu 05y 4555 0.29
4078 042 4516 0.32 ¢
RN CMOS c175 | 4082 012 4517 026 4588 0.2
6264 8K x 8 wss 025 4518 032 4585 0.9
EPADM Sv CMOS 1505 £
ZTCBEBRINE <o s oo mne i £7.00
37G256 B2k R B .ooorr o iiiess £12.00

LOW LOW PRICES

Z80A CuP & INTERFACE DEVICES

ZBOA CPU ..
ZB0A PIO
zwﬁ gm 74HC CMOS
I
%A o;?nr ; 00 0.24 51 024 158 0.58
POA | 02 0.24 4 045 161 075
ZBOA DMA 1
{Any CPU on interfaces IC's Supplied) 346 g.ig |ﬁ§ gg ;gs gg
08 024 109 0.40 166 0.60
4000 CMOS 10 024 1123 0.50 ;;i g.g
4000 013 4016 036 4040 0.28 1, g2 2 08 178 070
4007 0.12 4017 0.26 4042 0.22 50 o2 133 082 240 0.99
4002 0.12 4018 026 4043 D.29 5 5. 153 052 640 1.00
4006 0.27 4019 0.8 4044 029 35 o'%¢ 453 052 i
4007 0.92 4020 0.29 4047 0.38 35 g'50 157 056
4008 ©.27 4022 0.28 4049 0.16 3
W01 015 “ps 025 4o o2e
3 4 0. 4051 0.29  “AXIOM" Fl Discs Lifetime Guarantesd
gn 0.12 4025 0.12 4052 0.29 Packoot o
.,mig 8;}3 :8:3,; &;3 2323 g;g 525" SSDD96TPL14.50 525" OSDD 96TP117.00
4014 0.27 4029 028 4096 050 35 SSDD 1800 35 DSOD 2550
4015 0.27 4030 0.12 4066 0.18  Ouantity di ilabe on requesl

ON ORDERS OVER £25 P&P FREE ADD 15% VAT OTHERWISE ADD 50p P&P + 15%
VAT. OVERSEAS ORDERS WELCOME NO VAT ADD £2.00 P&P.

ANY IC SUPPLIED - IF IT EXISTS WE WILL FIND IT
QUOTATIONS FOR OUANTITY ON REQUEST

OMEGA ELECTRONICS Tel: 01-9515526
189 Beverley Drive
Edgware, Middx. HA8 SNL

MAIL ORDER ONLY
Prices are subject to change without notice.
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PARTS LIST —
PSU
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Fig. 4 Component overlay for the power supply board. ETI1
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PROJECT

THE ETI LEDSCOPE

Tony Ellis lights up your life with 140 LEDs in this simple but
instructive design which acts as an oscilloscope, simple
voltmeter and ohm-meter, too.

f course, the Ledscope will
O not equal the performance

of a cathode ray
oscilloscope, but it costs
consideragly less, is easy to
construct, portable and can
display waveforms at the lower
end of the frequency spectrum
surprisingly well. It could also be
of educational interest, as it makes
clear the workings of one of the
most useful pieces of test
equipment, and can give valuable
— and cheap — hands-on
experience.

The Ledscope could be built by
any moderately competent
constructor and wil! be rugged
enough for most workshop
environments, Its limited
frequency range is nonetheless
adequate for much audio work.

Leading Lights

The display consists of four 7 x
5 packaged LED arrays which form
the 140 element ‘screen’. For the
scope function vertical (y) position
depends on a bar-graph IC (the
LM3914) used in dot mode. The
IC suppresses all but the leading
light of a bar of LEDs, The timebase
(or x-position) is provided by a 14-
line decoder (the 4514) driven by
a clock which sequentially pulses
the array turning on each column
in turn.

A dot of light may be made to
appear to move along the display
Enving a trace which varies in

eight with the input voltage. Only
one LED is illuminated at any one
time, but persistence of vision
results in us seeing a continuous _
curve showing the waveform of
the varying input.

Higher or lower frequencies
can be captured by varying the
timebase clock frequency, which
is divided down by the decoder
circuitry. No trigger is incorporated
in the circuit largely because it
was felt to be unnecessary and
complicating. At the kind of
frequencies the Ledscope can
actually handle, it is possible to
very closely match ciock and input
frequencies to give an almost
stationary waveform.

To operate with low voltages
and give the scope a high input
impedance, a CMOS op-amp is
used for the input stage. This
section is the y-amplifier. Gain is
controlled by a panel-mounted
potentiometer. Experiementers
may wish to combine this with
switched attenuation to provide a
series of ranges.

Since the bar-graph IC we’re
using can onlrl accept a positive
input, while the scope will be
required to display AC waveforms,
a second op-amp is used to add a

The Ledscope |
with probe
and battery
box.
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constant voltage (a DC offset) to
the output of the y-amplifier. This
shifts the whole trace upwards. A
zero volt trace will now appear
around the centre of the display —
subject to the y-shift
potentiometer setting, A positive
input voltage causes the upper
half of the display to illuminate,
and a negative input voltage turns
on the lower half.

In voit-meter mode, the device
acts as a simple DC meter with
two ranges: 0-10V and 0-50V.
Only one column of the display is
activated and the bar-graph is in
dot mode so that LEDs illuminate
in sequence up a single column in
response to applied voltage.

In ohm-meter mode, tﬁe
device can be used to indicate
resistance. The ohm-meter can be
calibrated for different resistance
ranges using the ‘'ohm adjust’
control. Only one column of the
display is activated. The bar-graph
is in bar mode so that input
conductance is directly related to
the length of an illuminated
column. A short-circuit should
light-up all the LEDs in the column,

The 3914 can provide different
LED currents and resulting display
brightnesses. This is used to
advantage in the Ledscope. full
current (20mA per LED) is used for
the scope function to ensure a
clear bright trace. Low current
(7mA per LED) is used for the
ohm-meter to reduce current
consumption when up to 10 LEDs
may be sirnultaneousRl
illuminated.

Construction

Provided you obey a few simple
rules and take care, your circuit
should work first time. Inevitably,
too much haste leads to
carelessness and disappointment.
The main points to remember are:
® Ensure comﬁonents are
inserted the rii t way round. This
is essential with semiconductors,
as you will seldom get a second
chance if they are inserted
incorrectly. If in doubt follow our
overlay diagram (Fig. 2) and use
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the circuit diagram for
confirmation.

® Only use a miniature soldering
iron of 25W or less, and remember
to wipe the tip regularly with a wet
sponge to remove excess solder
and flux. Do not overheat
components.

Begin construction by installing
the wire links. Positions are
indicated on the kit PCB by a
white line on the legend.

Cut each of the 25-way DIL
socket strips listed in the Parts List
into three seven-way DIL strips,
taking care to cut the eighth socket
each time, Insert these in to the
PCB. Make certain that all sockets
are installed in the same direction,

because the socket pins are off-

centre which can resultin a
misaligned display. Next solder in
place the six |C sockets — also the
right way round, of course.

Solder the resistors in f)lace
(note: R4 should be laid flat), then
follow with the capacitors. Next
insert all diodes, making sure that
the OA47 is in D1 position. Solder
them and the fuse carrier and trim
all surplus leads.

Finally insert the 1Cs and the
LED arrays into their prepared
sockets. Refer to Fig. 2 for the
orientation of the LED arrays, but
check positioning with the ICs,
too.

HOW IT WORKS

1Céa (Fig. 1) forms a non-inverting amp-
lifier with DC being fed directly and AC
via capacitor C4. The gain of this stage is
controlled by RV1 and ranges fromunity
to about 20. R10 sets the input impe-
dance of the scope to about 1MO since
the effect of 1C6a’s impedance is
negligible.

The display driver (IC1) requires a
positive input, but the signal on pin 1 of
1C6a may well be negative. The solution
is to offset the input signal so that IC1
only ever receives a positive voltage.

A constant negative voitage is taken
from the wiper of RV2 to the inverting
input of ICéb, while the output of ICéa is
taken to the non-inverting input of | Céb.
With R4, 5, 6 and 7 all equal, the arith-
metic of op-amp differential amplifiers
shows that the output of IC6b will be
(V+) — (V=) , where V(+) is the voltage
at the output of IC6a and V() is the
voltage at the wiper of RV2. Since V(-)
varies between —9V and 0V, the effectis
of a screen-movable zero trace that will
move upwards in response to a postive
scope input and downwards in response
to a negative one.

The constant negative voltage is pro-
vided by the voltage inverter, IC5, which
produces a negative output of equal
magnitude to its postive input. This out-
put also provides the negative rail for

ICé.

The timebase clock is formed by IC4a
and b and the frequency is varied by
means of SW2 and RV3. The clock out-
put is sent to 1C3, a dual four-bit binary
counter on half of which is used. The
four-bit output is fed to a 4-to-16 line
decoder, 1C2, which drives the horizon-
tal axis of the screen matrix. This pulses
lines 0 to 13 sequentially and resets IC3
on the 15th count when line 14 goes
high. Together with IC1, this provides a
simple sample against time display
driver with a resolution of 10x14.

iC1 is a dot/bar display driver which
drives the vertical axis of the LED ‘screen’.
The IC contains a voitage divider and 10
comparators that tumn on in sequence as
input voltage rises. The IC has constant
current ouputs 50 no series resistors are
required with the LEDs. Current outputis
actually determined by R1and R2 and is
switchable to give high current per LED
indotandscope mode and low currentin
bar mode. The mode is chosen by con-
necting pin 9 to pin 11 (dot) or pin 9 to
the positive rail (bar).

In volt and ohm modes, the 4-to-16
linedecoderisinhibited and LED column
13 (the 14th and right-most column) is
fed via D2 to give a single column
display.

Once you have checked that
the board is okay, that everything
is correctly in place and that there
are no solder bridges, short circuits

or breaks in the tracks, you can
wire up the ;’Jlanel controls keeping
all wires as short as possible (Fig.
2). it’s a good idea to cross off
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Fig. 1 Circuit diagram.
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from the drawing each wire and PARTS LIST

component as it is assembled.
Make sure, too, that the shield on RESISTORS (2 %W 5% carbon film un- Ic3 4520B
the screened cable from the BNC less stated) IC4 40128
input socket is soldered to the :; .3.';33 :g ;222
earth pad provided. s s o e
: 7 10k D2,3 1N4148

Case Construction T w LED1,2,3,4  5x7LED array

If you decide to build a case R9 100k (LITON 2157 or
like that used in the prototype R10 1M0 similar)
then you will have to drill and R11 10k aW
bend perspex. This may seem to ot Sho b
be a simple task at first, but if R14 W MISCELLANEOUS
you've never done it before it will RV1, 3 100k lin SW1 SPDT, SW2 4-way, SW3 4-pole 3-
require much thought and care. RVZ 47k lin way switches; 2x8-pin, 1x14-pin, 1x16-

Perspex can be bent once it has RV4 1M0 lin pin, 1x18-pin, 1x24-pin DIL sockets;
been heated along its bendline. CAPACITORS 3x2s-way DIL socket strip; S0R BNC
This is usually done on a purpose- €123 101 25V elect. ‘°°"k°‘; o 1"‘3"5"&"“3_‘"‘ plug; ‘!'“;"'
built perspex bending rigwhich | || Gi/¢ on s e e
the home constructor is unlikely to C5 100n : fuseholder; PCB; short length low capadi-
have access to. The solution used c7 1n0 tance and screened cable; stick-on feet;
in making the prototyge was to SEMICONDUCTORS perspex; aluminium for case; materials
replace the rig with a blowlamp IC1 LM3914 for battery box and simple tester (see
and an engineer’s vice. Please note: Ic2 45148 text).
GREAT CARE MUST BE TAKEN
WHEN USING A BLOWLAMP TO Perspex is supplied with a measurements). You will notice
BEND PERSPEX AND IT SHOULD backing paper attached. This can that the bendlines are 3/16” back
NEVER BE UNDERTAKEN IN THE be used to draw your bendlines from where we want the actual
HOME. (Fig. 3 gives the necessary bends to be. This is because a 90°
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Fig. 2 Component overlay (note modification to PCB which should be incorporated in the commercial kit). The letters
correspond to off-board connections (see Fig. 1).
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bend in perspex takes in that
much material in its curve.

Before you start the bending,
et two pieces of 1" x 1” angle iron
or similar) about 12” long to

extend the vice cheeks. Once
these are positioned centrally,
place the marked perspex into the
vice and line the edge of the angle
with the marked bendline. Tiﬁhten
the vice and remove part of the
backing paper where the bendline
is (about 2” from the angle edge).

Usinga iow flame, run the
blowtorch up and down the angle
edge {don't do this too slowly or
the perspex will bubble). The
perspex will soften and you will be
able to pull a 90° bend with your
hands. Take the heat away and let
the perspex cool and set. Do this
with all the pieces and bends
necessar?/.

The aluminium is much simpler
to deal with, First mark out the
backplates (see Fig. 3 again). Now
cut off the areas shown shaded
and place the aluminium
(longways for backplate A and
shortways for backplate B) into the
extended vice cheeks, lining up
the angle edge with the marked
bendline. Apply pressure to the
visible portion of the aluminium
until a right angle forms.

Now take away the angle iron
and cut a piece of wood 5 4" long.
This is used as a former to bend
the remaining edges. You will need
one of the angle iron pieces to
extend one of the vice cheeks so
as to provide a back former.

After you have finished
bending the aluminium, offer up
the perspex and check the fit. If
all's well drill all holes as shown,
once again, in Fig. 3. TAKE GREAT
CARE WHEN DRILLING PERSPEX
AS IT CRACKS VERY EASILY.
ONLY USE A SLOW SPEED DRILL.

This is a good juncture at which
togaint the aluminium, using
ordinary car spray paint on a
buffed surface. Now comes the
hard bit — producing the control
panel. This needs great care as lots
of drilling is required.

First cut out or photocopy the
legend sheet (Fig. 4 — also
supplied in the kit) and useitas a

uide. Sandwich the sheet

etween front panel 8 and
backplate C (Fig. 5). Clamp the
sandwich tight. It may heip to drill
small holes in the centre of the
y amplifier pot circle and the
negative terminal circle and bolt
panel, sheet and plate together
with two 4BA screws and nuts.

- Carefully drill all the other

holes, starting with pilot holes and -
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Fig. 3 Case dimensions, cutting and drilling details.
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Fig. 4 Panel legend.

then increasing their diameters to
correspond with the legend sheet.
This must be done gradually,
stepping through the drill sizes to

avoid cracking the perspex. A set
of round files will be useful to
smooth out the holes and make
minor enlargements.
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When the drilling is compiete, :
install the sockets and tighten the VIEW FROM B VIEW FROM A

B O e Y T e S L D S
the two 4 screws an il'liS (0) \ 2 BETWEEN SANDWICH DISPLAYS
the two remaining holes. After \' pal
cutting all potentiometer and $
switch spindles down to %", /
mount tﬁe pots, switches, rl X
terminals and BNC socket. Front r
panel B is now complete. Now Aidinim
make up the drill and %"’ x 12" SELF ADHESIVE SELF ADHESIVE FEET
angle pieces shown in Fig. 5 and e ‘“‘LL'\% bt FEETIMACL)
assembile front panels A and B as 3! [
shown. ]
The battery box can now be X v el
assem b|ed fl'Om the illustration in 2 FRONT PANEL A FRONT PANEL B

Fig. 6. The jack plug is fitted by
making a locking nut out of the
original plastic cover, using a junior

hacksaw to remove %" carefully Fig. 5 Panel assembly.
from the screw-threaded end of
the cover. made between the board and the Testing
The two battery holders are control panel (Fig. 2). Keep all Before switching on, turn the y
glued on to a perspex plate to interconnecting wires as short as position knob to halfway, the y
avoid shorting out the batteries if possible. You may have to unscrew | amplifier (or gain) knob to unity,
the holders were to come in to and slightly move the PCB while the timebase switch to‘1’, the
contact with aluminium and also you wire up the BNC socket and knob marked ‘SWP VAR’ to
to make the holders easily switch section of the controls. halfway and the mode switch to
removable. When wiring is complete,_dress 'SCOPE’. Plug in the scope lead
The assembled PCB can be the looms to keep them tidy. and switch on. A trace should
fitted to the front panel (Fig. 5, Connect up the jack socket appear around the centre of the
view-from A) and the connections Iusing ab%ut 9?: of tv;l‘o-cori cable. screen.
nsert and tighten the socket in to The easiest test is to place the
[ e == | thelowerside of backplate A. scope lead close to a mains lead.
Akitofparts, excluding the case, is avail- Assemble the main case NEVER CONNECT THE
able from Lefax Ltd, Unit 6, Genesis completely, tightening all screws, LEDSCOPE INPUT DIRECT TO
Business Centre, Redkiln Way, Hor- and Insert the attery OX jack THE MAINS ZAiF IS POTENTIALLY
oo et L SR Mo The unit is ready for testing. LETHAL. With the scope lead near
0403 54135) at £49.95 incl. VAT plus 1AL, r pe le
£2.50 p&p. The biggest problem for oz5 2POLE || 'SEL¥ ADUESIVE a mains St.lé)'p|y.lt should p I‘Ck up
those wishing to source their own com- S S, hum. By adjusting y amplifier gain
ponents will be the LED arrays. You e and the timebase ('SWP VAR’), the
should use the type specified, which A e scope should show a clear sine
:‘;"e & sats! ::St:‘ °"WA:';;E::::; pemton. | vgave whose amplitude should beI
D s EINIR justable using the y amp control.
FTG::alW'“ "Ot‘ll’(e bright eﬂoushofr\:fm“ ; %) 7 j'I’o check thg metgr furr'i)ctions.
could always make your own array A -
140 individual I.EDsy: in which caseuse use appropriate known voltage
orange types which are brighter or, if PPl e sources and resistances. In ohm-
money is no object, ultra-brights. o / Rmatarad meter mode, the display should
The other components should not LR PO TR show the right-most column only
prove problematic. The ICL 7621 is a Fig. 6 Battery box. as a bar. ETI
low-power dual op-amp, but is not criti- -
cal. It is available from Electromail,
Dept. 101, PO Box 33, Corby, Northants v
NN17 9EL (tel: 0536 204555), but the 52
353 0r 072 shouldbejust as usuable. The
prototype case was made from aluminium 14
and perspex which are available from e Y Ex. K=
high-street shops who will usually cut kL 12
them to size for you, Lefax have anumber
of all-aluminium cases available, which
are ready shaped, drilled, painted and
legended. Together with an ABS plastic
battery box, the costis £14.95 inclusive
of everything, if ordered with the main
kit, or £14.95 plus £2.50 p&p if ordered
separately. The company also sell a low
cost test iead kit suitable for this project
(or, indeed, for use with other meters
and scopes). The priceis £7.95 inclusive
+ for which you g:l ; sc?pe ledad witl;
integral probe and BNC plugand aset o fig. 7 Circui s :
g ircuit of simple signai
R icads: generator for testing.
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COMBINED
TACHO/DWELL

METER

Following our introduction to the LM2917 last month, Paul
Chappell comes up with a design that will prove essential to
anyone who wants to tune a car engine — two-meters-in-one
to bring your auto to the peak of performance perfection.

hoosing a meter movement
‘ for this project caused us a

few headaches. A good
(i:xali movement can cost more
than the rest of the project put
together, and most thes are too
deep to fit in a slim, hand-held
case. Cheap’n’cheerful meter
movements are available — VU
meters in particular can be bought
for a few pounds — but they suffer
from poor linearity, which makes
the calibration procedure much
more complicated, In the end, we
settled on a low cost movement,
but you may prefer to buy a good
quality TmA movement, or else
use the circuit as an add-on for
your multi-meter,

The circuit itself is shown in Fig.
1 and the component overlay ang
switch wiring details in Fig, 2. It is
very simﬁle. When assembling the
PCB, make sure to put in the wire
links before the presets — you
won’t be able to get them in
afterwards. We used a DPDT
switch for the on/off function
because it provides convenient
tags to solder the battery
connector to. There is no reason
why you should not use an SPST
switch instead.

The switches must be
miniature types, and must be
mounted above centre on the
front panel to avoid fouling the
trimmers on the PCB when the
case is assembled. We drilled the
switch holes on centres 10mm
from the top of panel.

The test leads consist of a pair
of small cfocodile clips on a length

62

The sleek and sporty lines
of ETI’s high performance
motoring aid.

of twin wire, It is important to get
the chips the right way round — it
won't affect the tachometer, but
the dwell meter will not read
correctly if the leads are reversed.
RV5 in the circuit of Fig. 1 will
only be needed if you follow our
example and use a cheap meter
movement. It can be soldered on

to the tags at the rear of the meter.

A suitable value for use with the
specified type is 200R.

Calibration

If you use the circuit in
conjunction with a multi-meter or
good quality TmA meter
movement, calibration at one
point will be adequate. The circuit
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— HOW IT WORKS —
M= —
258 @ Bvs The tachometer circuit uses the
r SO EM2917 in its frequency-to-voltage
[ mode, described in detail in ETI,

w
b
-
o
(4]

December 1986, pages 30-33. The
novel aspect of this circuit is the dwell
NOTES: W3 meter (fig. 1), where SW1 joins pins 2
ic1 il / and 3 of lg'he IC together. l

To see how this affects the IC,
1 P I imagine that pin 2 is somehow held at
half the regulated supply voitage. If the
AcvL 8 input goes high, curmrent will be
S-2CYL dumped from pins 2 and 3, and since

I
| R . .
! W ACYL pin 2 cannot rise to 3% Vcc, the currents
Tonen c1 sWi — i will continue for as long as the input
cLIP o0y | |, TACHOMETER R? a8 remains high.
a ¥

A (Ll el 7OWELL 2698 A With the input low, pin 3 will

a2 e continue to source current, but this

RED b = time pin 2 will sink an equal current.

o Once again, the current flows will
_ ’ > ’

AR for Soom o o continue for as long as the input

- SR, A remains low.

Fig. 1 Circuit of the combined if pins 2 and 3 are joined — still
tachometer and dwell meter. held at %2Vcc — the net current flow
will be twice the pin 2 current when
the input is high, and zero when it is
BATTERY low. The average current will therefore
be proportional to the percentage of
time the input remains high during its
cydle,

The dwell meter circuit makes use of
this aspect of the IC by developing a
voltage across R3 proportional to the
average combined current of pins 2
and 3. R 3 is chosen to maintain the
voltage at pin 2 between % and % Vcc
for the entire range of practical dwell
angles.

The input side of the circuit is a
simple filter to remove the worst of the
electrical noise to be expected from a
car ignition system. The output is a
variation of the current drive circuit
described last month, with presets to
trim each range.

T+

-

RS
TACHOMETER 560R

S

i +V/ E
- —VE

Fig. 2 PCB layout and switch wiring

of Fig. 3 can be used to provide

details. suit\lav .I?‘ sihgnals. S ;-
ith the test leads connecte
PARTS LIST to points B and C (either way
around), select the settings for
RESISTORS (all % W 5%) SEMICONDUCTORS ‘tachometer’ and '4 cylinders’ on
R1 12k IC1 LM2917N-8 the front panel switches. The
R2 22k D1* 18V 1W Zener 100Hz signal represents 3,000
R3 15k RPM for a 4-cylinder engine, so
R4 220/470R* MISCELLANEQUS adjust RV1 to give a reading of
RS 560 R** M1 MBS ten 300pA on the meter. Keeping the
:3’ % :;gkgg Efuvﬁm;‘{ same input signal, switch to the ‘6
R9 5 R 09201 2000A cylinders’ setting and adjust RV2
RV1 500R* movement — see to give a reading of 200¢A, which
RV2 500R text) represents 2,000 RPM,
RV3, 4 5k0 SW1-3 DPDT miniature Select ‘'dwell’ and ’4 cylinders’
RV5 200R* toggle switches and attach the clips to points A
PCB; PP3 battery and connector; plug; and C (either way round). Adjust
CAPACITORS socket; wire; red and black crocodile RV3 for a reading of 450
C1 100n clips for test leads; BC3 case; terminals (=45°). Reverse the leads, and
C2,3 22n for external meter **. k : that th di Lo h
20y elect. Calibration circuits**: mains MagesurciRatiieseacingissac
transformer (6V) rectifier mode; 4017 same. If it is slightly different
Johnson counter; 10 x IN4148 diodes. (10pA or so0), re-adjust RV3 so that
* for use with 12V supply (see text) the two readings with the clips ’
** see text transposed lie equally on either
{ side of 450uA.
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Fig. 3 A simple circuit to provide
calibration signals

Switch to '6 cylinders’, keeping
the same input, and adjust RV4 for
a reading of 300uA (=30°). Once
again, reverse the leads as a check
and adjust RV4 so that the two
readings lie evenly on either side
of 300pA if there is a slight
discrepancy. The calibration is
now complete.

If you use a non-linear meter
movement, you will have to make
your own scale for it. The
grocedure is quite complicated,

ut if you follw the steﬁs below
exactly, you shouldn’t have any
problems. The circuit of FiF. 3
cannot be used — you will need a
signal generator.

® 1. Set presets RV1-4 to mid
position.

® 2. Select’tachometer and ‘4
cylinders’. Apply an input
frequency of 300Hz and adjust
RVS5 (on the back of the meter)
until the meter needle deflects
almost to the end of the scale.

'Mark the scale at this point — it

represents 9,000 RPM,

® 3. Select’6 cylinders’ and
increase the input frequency to
450Hz. Adjust RV2 until the -
needle reaches the mark you
made in step 2. If your are
successful, go on to step 5. If RV2
has reached the end of its travel
and the meter needle wilf not go
high or low enough to meet the
mark, go on to step 4.

® 4. Back off RV2 a little, and
adjust RVS to bring the needle to
the mark. Select ‘4 cylinders’ again,
reduce the input frequency to
300Hz, and adjust RV1 until the
needle reaches the mark. Switch
back to ‘6 cylinders’ and continue
with step 5.

@® 5. Mark out the scale at 1,000
RPM intervals as follows: At 400Hz
input, mark the needle position as

8,000 RPM; at 350Hz, mark 7,000

RPM, and so on down to 50Hz for

1,000 RPM.

84

Plenty of room inside, but don't be fooled by the sparsely-populated PCB.. . .

NOTES:
IC1= 4017
D1-10 = INZ148

Fig. 4 Dwell meter test circuit.
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BUYLINES

The meter movement used in this
project was type 37-09201, available
from GCirkit, Park Lane, Broxbourne,
Herts at £3.81 indusive of VAT and
p&p. The LM2917N-8 IC can be
obtained from Technomatic Ltd, 17
Burnley Road, London NW10 1ED for
£4.02 inclusive of VAT and p & p. All
other parts are readily available from
advertisers in ETl. If you have any
difficulty obtaining the miniature
toggle switches, these are also

available from Cirkit, stock no. 53-
00201, at 90p each (inc. VAT).

A complete parts set for this project
is available from Spedcialist
Semiconductors, Founders House,
Redbrook, Monmouth Gwent at
£12.90, inclusive (with terminals for
external meter) or £16.40 (with meter
movement included). They can also
supply the BC3 case separately at
£3.60,
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12V TOPIN7Z

R9
é 12R

R4
470R

METER
+VE

Fig. 5 Modifications to the circuit to
allow it to be installed permanently as

a car rev counter.

® 6. Switch to ‘4 cylinders’ and
check that a 200Hz input shows
6,000 RPM and 100Hz shows
3,000 RPM on the scale. If not,
there’s nothing for it but to go
back to step 2 and try again. If you
have carried out all the steps
correctI?(, it will be OK.
Interpolations to the scale can be
made by selecting intermediate
frequencies on the signal

enerator. For instance, 375Hz
with ‘6 cylinders’ selected) will
give the 7,500 RPM mark, and so
on.

® 7. Connect up the circuit of
Fig. 4 on a breadboard. You can
clock the IC from your signal
generator; the frequency is not
critical — anything around 2kHz
will do. Adjust the output level to
suit the CMOS power supply.

® 8.Select’'dwell’ and '4-
cylinders’ on the front panel
switches. Make links LK1 to LKé6
on the test circuit and mark the
scale lightly, in pencil, where the
needle comes to rest.

® 9. Select’6 cylinders’, remove
LKS and LKé in the test circuit and

adjust RV4 until the meter needle
reaches the mark you made in
step 8. If you are successful, go
on to step 11. If RV4 has reached
the end of its travel and the
needle has still not reached the
mark, continue with step 10.

® 10. Back off RV4 slightly. Rub
out the first mark, and make a new
one at the position where the
needle reaches the new mark. Go
on to step 11.

® 11.With five links made and
five left open, the signal from the
test circuit represents a 45° dwell
angle on the '4 cylinder’ scale.
Each removal of a link increases
the dwell angle readiniby 9°; each
addition of an extra link reduces it
by 9°, so the scale can be
calibrated at 9° intervals. You will
not be able to go all the way up to
90° or down to 0°; the range will
be roughly 30° to 80°— easily
enough to accomodate all the
dwell angles you will find, even if
the points are very badly adjusted!

With ‘6 cylinders’ selected, five
links made and five links open
represents 30°. Each removal of a
link on this range increases the
dwell angle by 6°, and vice-versa,
$O you can now interleave the
scale at 6° intervals. You will find
that the combination of calibration
in the ‘4 cylinders’ and '6
cylinders’ positions will give a
scale marked mostly at 3°
intervals, with a few points
missing. These can be interpolated
by eye, or you can use two
Johnson counters to give 1.5°
resolution, or even three for 1°
resolution!

On a positive earth car,
connect the red lead to the chassis

or to the positive battery terminal;

for a negative earth car, connect
the black lead to the chassis or the
negative battery terminal. If you
opt for the chassis connection, be
sure the spot you choose is clean
so that the contact is made,

On the side of the distributor,
you will find a tag which connects
to a wire leading to the primary of
the ignition coil. Connect the
other lead here.

Your car maintenance manual
will give the correct settings for
dwell angle, idling speed, and so
on, and should tell you how to
adjust them.

If your car is not fitted with a
‘rev counter, you may like to build
the meter permenantly into the
dashboard. In this case, you can
dispense with the switches and
just use one calibration control
and series resistor (FiF. S).

To run the circuit from a car
battery, you will need to make
some minor modifications. R4
must be increased to 470R and a
resistor and zener must be added,
as shown in Fig. 5, to protect the
IC from destructive transients on
the car’s electrical system,

The PCB

It will not have escaped your
notice that the PCB for this project
has rather a lot of extra holes and
spare space. The PCB was

esigned as a general purpose
board for LM2917 circuits. It will
support all the different
configurations mentioned in the
article ‘The Next Great Little IC’
(ETI December 1986), and can be
used as a breadboard for circuit
ideas or to build complete circuits,
as in this project.
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TECH TIPS

Priority Selector

Paul Harding
Exeter

The circuit shown here indicates
which of its inputs was active first
since it was last RESET. it is ideal for
use as a quiz monitor.

In the circuit's quiescent state,
'followingaRESET pulse, the outputs
of IClc and d are high. since the
inputstobothIC1aandbareall high,
their outputs are low, and the initial
condition is maintained.

Taking, say, INPUT 1 low causes
IC1a’s output to swing high, and
IC1c’s output to swing low. This
signalisfed back to latchthe original
input, and hence output, signal.

IC1c’s output is also coupled to
oneof |IC1d’'sinputsviaR2,clamping
the latter’s output high, regardless
of the subsequent status of INPUT
2. Circuit operation is similar in the
event of INPUT 2 going low prior to
INPUT 1, following a RESET pulse.

Incidentally, from the above de-
scription it can be seen that although
IC1c and d are drawn in the classic
flip flop configuration, it is either
IC1aand corC1b and d thatactually
perform the latch function.

Taking RESET low will forward
bias either D1 or D2, forcing the
active output of the circuit to swing
high. R2 and R4 prevent large cur-

rents from flowing from IClc or d
durin§ this time. Decreasing R2 and
R4 willreduce the timetaken forthe
circuittolock out subsequent activity
on the initially inactive input, at the
expense ofincreased current through
the RESET input.

With the values shown,and using
published data for gate input capa-
citance (5p—8dp), thereisanadditional
400-600ns delay when compared
with R2 and R4 at their minimum
value of 1k0.

Finally, ifitis desired to construct
apositive, rather than negative logic
circuit, this can be implementediy
using NOR gates for IC1 (for exam-
ple, the 4001B), taking the pull up
resistors R1 and R3 to ground, and
reversing D1 and D2.

D r—OOUTPUT 1

100k

IC115 60118
01, 2 ARE N4 148

53]

100k 100k
8
INPUT 20 2 4 IC18 po—4—OOUTPUT 2
P 5 0
S

RESET

Computer Control
Of AC Power

Max Tykesson,
Denmark

This circuit allows a home com-
puter to control heavy AC loads
such as heaters from zero to full
power. With the triac shown and
goodheatsinkingand coolingarrange-
ments, the maximum load is 3.5kW.
Working from left to right across
the circuit diagram, the first section
is the 8-bit parallel input from the
computer. Each input line is fed to
an opto-isolator which provides
mains isolation and then toa NAND
Schmitttrigger (ICs 9and 10). These
ensure ciean switching of the signal
between logic states. The digital sig-
nalis converted to an analogue signal
by means of the R-2R ladder, built
aroundresistances R25-41and then
buffered by 1IC11 to provide a low
impedance drive for the triggering
circuit, IC12. This ICis designedasa
general purpose triggering unit and
is connected here as a full-wave AC
controller, ittakesits powerdirectly
from the mains and derives its own
Vcc rail to drive the internal cir-
cuitry. This rail is available at pin 11
and is used here to drive the other
ICs, thus removing the need for a
separate mains power supply.

Stereo For Time
Delay Effects

Marcus Valentine,
Bristol.

This little circuit will give a pseudo
stereo effect when used in conjunc-
tion with any effects unit which
incorporates a short time delay, for
example, flanger, chorus, vibrato,
etc. Some manufacturers do pro-
duce effects withstereooutputs but
they usually use this as an excuse to
bump upthe price by several tens of
pounds. This device can be built for
a night's beer money.

ffects of this tzpe work by mix-
ing the output of the time delay cir-
cuitwiththeinput. Thisresultsinthe

ADD-ON UNIT

B

(=i

T0 EFFECT<

A-B

SUBTRACT — UTPUT 2

Q
A-B

A+B |

OUTPUT 1
A+B
Yo o e e e e . e e e e

FROM EFFECT

OUTPUT EFFECT

TIME DELAY

|
|
|
|
[
|
(ST =

cancellation of some frequencies
due to some of the frequency com-
ponents of the delayed signal being
180° out of phase with the input.
This produces the characteristic
notched frequency résponse.

If we refer to the input signal to
the effects unit as A and the signal
api)earing at the output of the time
delay circuitry as B,the outputsignal
from the effect will be A+B. One
way of producing an additional
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pseudo-stereo output is to subtract
the delayed signal from the input
signal to give A-B. This can be
done with asingle op-amp. Thisisall
well and good, but the B signal is
safely tucked away inside the effect
concerned. With this circuit it is
possible to obtain the B signal with-
out butchering your favourite and
comparatively expensive effect.

Referring to the block diagram, if
we take twice the input, that is 2A,
and then subtract the output, A+B,
we will have 2A—(A+B)=A—B, which
is what we are after for the other
output.

The next thing to consider is
what happens when the effect is
switched-out. in this case, its output
will obviously be the same as its
input, A, so the add-on circuit
receives A at both its inputs. its out-
putis therefore 2A—A=A. This is very
convenient as it means that the
effects infout switch will still func-

ETI JANUARY 1987

tion correctly. When the effect is
switched out the input appears un-
changed at both outputs.

The final circuit can easily be
derivedfromtheblockdiagram.The
A signal is actually multiplied by -2,
butthisis cancelled outinthesecond
op-amp where the A+B signal is
added to the —2A signal and sum
inverted to give —(—2A+(A+B))
which is A—B.

The circuit can easily be buiit on
a piece of veroboard and mounted
in a small diecast or aluminium box.
It willrun quite happilyonasmali 9V
battery. The stereo input socket is
used to disconnect the battery when
an input plug is not present.

" Inuse, the add-on unit is placed
in the signal path instead of the
effect, and the effectis plugged into
the add-on unit.

FroM ME ¥ OUTPUT 1
EFFECT (A48}
# 9
BT
R2
V- c1 100«
Tult 2
Jl A
eyt [ LS
Eara 100k
oUTPUT 2
{A—B}
T0 : v—o— ek L" cz NOTE:
EFFECT T 10u 1C1.2 = 741 OR SIMILAR
67



Phone Line Monitor

Steve Terry
Eastbourne

This circuit, when connected to a
telephone line equipment with new-
stlle sockets, will switch a relay
whenever the phone is ringing, or
when the phone is off the hook. It
was originally designed to mute a
hi-fi so that the telephone could be
used, but could be adapted to other
uses.

IC1 isa high sensitivity dual opto-
isolator. Its inputs are connected to
the telephone line via current limit-
ing resistors R1 and R2. The bridge
rectifiers ensure that the polarity of
the line is unimportant, and that the
AC ringing signal is detected
correctly.

R1and BR1formaring detection
network, and this turns on the out-
put at pin 7 of the opto-isolator. R2
and BR2 detect when the phone is
on the hook, the value of R2 being
chosen so that the output at pin &
does not turnon until theline voltage
is greater than about 30 volts.

The outputs of the opto-isolator
are open collector transistors. Thus,
R3 and C1 ensure that pauses in the
ringing signal do not cause faulty
operation of the circuit.

IC2a inverts the on hook signal,
and passes it via the time delay net-
work D1, R5, C2 to the input of
IC2b. This time delay ensures that
the circuit responds quickly to the
off hook condition, but siowlyto the
on hook condition. Therefore, diali-
ing pulses are ignored, and the out-
put remains active.

Finally, the output of IC2bis high
wheneitherofitstwoinputsare low,
and this energizes the output relay
via Q1.

The circuit is powered by a 6V
battery. The current consumption is
very low when the circuit is in the
stand-by state, and is about 100mA
inthe energized state. Thiswon’t be
a problem unless you intend to be
onthe phoneforhoursonend,and if
you are then the cost of new bat-
teries will befaroutweighed by your
phone bill!

A switch should be included in
the power line, as the relay will
switch if the circuit is disconnected
from the phone line when switched
on. A mains power supply should
not be used, since 240V candoalot
of damage to the phone system if it
reaches the wrong place. Similarly,
the outputrelay should not be used
to switch mains. The type specifiedis
rated at 1A/30V.

SK1 R1
o —— 12k
O—
BLUE
a 2
=
WHITE 1
PTC| O—f 3
LINE] B
CORD)| =
RED
ng NOTE:
GREEN 22 IC1 1S 6N 133 DUAL OPTO-ISCLATOR
e IC2 IS 74HC 00
| J BR1, 2 ARE 400V DIL RECTIFIERS
RLA1 ISOPDT DIL RELAY
D7 IS 1N4148
D2 1S INGOOT

No connectionstothe relay con-
tacts are shown, this depending on
the use to which the circuit is put.
The contacts are double pole, dou-

ble throw, and they are completely
isolated from both the circuit and
the telephone line.

Improved Missing
Pulse Detector

Trevor P. Hopkins,
Manchester.

Arecent project required a‘missing
pulse’ detector. If a pulse was not
received within a preset time inter-
val, an alarm would be sounded.
Numerous data books give the cir-
cuit shown in Fig. 1, which utilises
the ubiquitous 555 timer, con-
figured as a monostable.

This circuit has an external PNP
transistor Q,, which discharges the
timing capacitor C; when an input
puise is received, thereby restarting
the timing interval. The wait time,
within which a pulse must be rece-
ived, is given in the data book as
1.1 RTCT°

This circuit has a number of limita-
tions. In particular, the input pulse
must swing very close to the nega-
tive supply rail in order to turn tran-
sistor Q; on, even though the 555
timer will be triggered by pulses of
much smalleramplitude. This caused
very unreliable operation in my
application. In order to provide a
missing-pulse detector with greater
sensitivity and reliability, the circuit
of Fig. 2 was developed.

The improved missing-pulse
detector uses two external transis-
tors to discharge the timing capacitor.
The input volgtage need only swing
down toabout Yaof the powersupply
voltage in order to retrigger the
circuit,

Notethatasmallresistoris placed
in the collector of Q,, in order to
reduce the peak collector current

when discharging C;. This is pro-
bably only necessary when large
values are used for C;.

This circuit has been tested with
both the Ilow-power CMOS

-0 +Veo

Fig. 1 Ry

INPUT O~ - 11 H
[

4 O OUTPUT

ct

NOTE: ==Cr
IC11S 655 o

T -0 0V

(ICM7555) and low-power bipolar
(TLC555C) types, as well as the
standard power (NE555V) timers.
The values shownin Fig. 2 giveatim-
ing period of about 35 seconds. in
many cases, the 10n capacitor may
be omitted.

Transistors Q, and Q, maybeany
small-signal PNP and NPN silicon
devices. ZTX212 and ZTX108 types
were used in the prototypes. These
are equivalent to BC212 and BC108

types.

+6V
)
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. 580
ouUTPUT,
o
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> = C
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o
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Video Clamping

vmeommci7

Circuit
L. Robertson,
Aberdeen.

The need for this circuitarose when
the video signal to be used was un-
stable and drifted enough to cause a
loss of sync. The problem was rec-
tified thus:

The diode D1, the 4k7 resistor
andthe 470n capacitorgive avoltage
level to the inverting input of the
741.The non-invertin% inputis refe-
renced to —4.3V to allow for nega-
tive signals.

Part of the 741 output is tapped
off and goes to the LM393 com-
parator, the inverting input of which

ctil
100u

‘\:VIDEO ouT

NOTE:

1C11S 74121
1C2 1S LM741
1€ 1S 1 M393
Q1 1S BC107

sz l-l i 1s
)

01.2 ARE 1N914
ZD1 15 8v3 ZENER

+5V

R12
k0

is fed by the video signal via the
100u capacitor.
The 50k potentiometer is set 50

that the non-inverting input of the

LM 393 issittingapproximately mid-

way up the sync pulse level on the
inverting input.

As the video input signal varies
then the two inputs to the com-
parator vary also giving no charge to
the pulses at the output, which are
clamped between the 0V and +5V.

These pulsesare usedtotriggera
monostable with an output dura-
tion of 4us on the negative edge of
the sync pulse so that the Q output
of the 74121 monostable is a pulse
4us wide coinciding with the back
porch part of the video signal.

This is then used to switch the
transistor so that it conducts on
every pulse pulling the collector
down to OV. The black level of the
video is thus clamped at OV despite
any variations in input level.

ETI
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Much is said about amplifier design. Specification and
technical performance alone no longer rules supreme.
Concepts such as musicality are regarded as sacred by the
Hi-Fi fraternity. The state of the artis for amplifiers to have
high output current capability, high overload margins, be
“neutral sounding yet articulate and dynamic”. High feed-
backddesigns are definitely out and cables afiect the
sound.

Where does the engineer stand in ail this? We think you
would like an amplifier with real state of the art features,
but not over the top in insignificant design detail. You are
unhappy at paying for a mass produced product. You
appreciate a top class system but cannot justify the price
of more exotic products. Building your own toanexclusive
and well engineered design has a definite attraction.
GATE ONE utilises the latest audiophile techniques in its
design. Great attention is given to the layout with separate
signal and component earths. RIAA equalisation and tone
controls (with in/out switch) are of a passive design. A low
lift switch lets you tailor response to compensate for loud-
speaker deficiency. A unique volume control circuit
increases overload margin and optimises S/N ratio.

You can buy a GATE ONE in kit form for £139.61 inc. ora

GATE MONITOR ONE stereo power amp with 3 line

inputs for £114.85 inc. Both have a professionally finished
case and include all components. Both are available fully
assembled and tested. Order now or send for further
details.

Go on, when did you last buy yourself a Christmas present?
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This circuit gives a bargraph display
ofthe level of fuel in the tank without
affecting the operation of the nor-
mal fuel gauge. The display circuitry
is a littie uncommon.

Display

As can be seen from inspection
of the circuit, the display does more
than the LM3914 bargraph IC on its
own would do. The major disadvan-
tage of this type of |C is that display
resolution is limited to ten steps.
Two modifications improve useful
resolution,

Firstofall, atriangularsignal (pro-
duced by IC1c and associated cir-
cuitry) is added into the reference
voltage via the reference adjust pin.
This has the effect of mark/space
ratio modulating the transitions
between one step and the next, so

that one step appears to fade into
the next. In this way it is possible to
judge to closer than half a step. The
amount of fading between steps is
determined by R23, so if you prefer
to have more or less fade, the resis-
tor value may be changed as
appropriate.

To increase the resolution on
low readings, the range is automati-
callyswitched.1C1bis connected as
acomparatorwitha smallamountof
hysteresis. It switches when fuel is
low and the output signal falls below
about 1V. When it does so, the
colour of the display changes from

reentored. Q1 is switched off, and
%22 is switched on, feeding power
via the diodes to the red LEDs.

The LEDs receive theirpowervia
individual diodes because most
LEDs are not rated to withstand
much reverse voltage, and the LEDs
which are switched off could experi-
ence about 6V reverse, In practice,
most LEDs will survive this — the

diodes are only a precaution.

When the display colour
switches, the reference voltage is
also switched. For low range, Q3
switches on and pots down the refe-
rencefrom5Vtoabout1.2V.Chang-
in% R12 will alter the low range
reference if experiments suggest
that it should be different, but the
values shown give a good starting
point. Similarly, the switching point
at which the display range changes
can be altered by changing R4, R5
and Ré6. Clearly, the switching point
and the low range reference voltage
should match up, ideally so that the
display switches to high range just
after the tenth green LED switches
on.

One extra refinement is that the
display dims at night and brightens
in daylight. The LM3914 has the
useful propertythatthe LED current
is proportional to the current drawn
from the reference pin. In this design
a light dependent resistor draws
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R4 R7
%& 2 10
Q2
sl
Ictb
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TECH TIPS: In-Car

extra current in daylight to brighten
the display. Even then, the current
available from the LM3914 is so low
that some effort needs to be
made to shield the display from
directlight. A good solutionistofita
circularly polarised (not coloured)
display filter in front of it.

The voltage regulator is set to
provide adequate voltage to operate
the system, while keeping down the
dissipation in the LM3914 when all
the LEDs are on. The maximum LED
current is calculated tobejustinside
the chip’s capabilities even when
theyareall switched on at maximum
brightness.

Input Circuit

The circuit of the normal fuel
gauge is shown in the instrument
voltage regulator project. From this
it can be seen that the average voit-
age at the junction between the
tank unitand the gauge will depend
on the fuel level, and it is this which
we measure,

Because of the way in which the
instrument voltage regulator works
(unless you build the electronic ver-
sion) the voltage at this point is in
the form of a square wave, which is
averaged by the thermal time cons-
tant of the bimetallic fuel gauge.

To achieve a similar effect to the
bimetal strip, there is aresistorand a
capacitor attheinput of the bargraph
gauge. A higher voltage capacitor is
used tominimize the leakage current,
and hence the error, in this part of
the circuit.

The voltage is lower when the
fuel levelis higher,and viceversa, so
the input stage of the circuit is an
inverter. The voltage neveraverages
to zero, but varies about a few volts
Ilgosmve according to the fuel level.

he offset of the inverter is adjust-
able to take account of this fact. The
gain is also adjustable so that the
range can be set accurately.

Unfortunately the adjustments
are interactive, so an iterative ad-
justment procedure is necessary.
RV1 should be adjusted to obtain
the correct maximum reading, and
RV2 for the correct zero, and the
sequence repeated until it is accu-
rate. |fthe tank unitisaccessible this
can be done <1uick!y by holding the
float in the full and empty positions
while the adjustment takes place.
Otherwise, | am afraid, it will have
to be set over several fillings and
emptyings of the tank. Because the
ordinaryfuel gauge continuestowork
this should cause little problem.
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Thief Stalle:

Thisis an anti-theft device with adif-
ference. Its purpose is to convince
your neighbourhood ‘tea leaf’ that
the carheis tryingtostealisn’tmuch
good, and that it just is not worth
pinching. The thief can start the
engine, but when he revs it up it
coughs and dies. it can only be run
once the ownerhas switched off the
thief-proofing gadget.

The LM2917 frequencytovoltage
converteris used (again). This IC has
a zener diode built in, so there is no
need for complicated power sup-
plies. The input stage of this circuit
ts similar to that of the tachometer
project in this issue.

On each input cycle, C2 is
charged to a set voltage and the
charge is transferred to C3. The
voltage on C3 does not rise indefini-
tely, but stabilises at the point
where the discharge current through
R4 is equal to the average current

due to the transfer of charge. This
increases with RPM.

The output op-amp of the
LM2917 is wired as a comparator
which will switch when the RPM
exceeds a preset figure, set by RV1.
When the output switches, C4 is
charged, with R5 limiting the charg-
ing current to protect the LM2917
output stage.

While the capacitor remains
charged, the FET Q1 is switched on
and the relay is energised, shorting
outthe contact breaker. The engine
stops, and can be restarted about
five seconds later when C4 has dis-
chargedviaR7.Afterafewtries most
people should give up.

The device should be installed
near the distributor or coil, and con-
cealed as well as possible. The switch
should be mounted somewhere
under the dashboard out of sight.
The speed at which the circuit
operates should be set to about
1500 RPM by adjusting RV1.
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Brake Light Failure
! om 2~ ~ b

IiNQiCatol

This isasimple gadgettodetectthe
failure of one brake light. It works on
theﬁrinciplethatthecurrentthrough
each bulb is the same, so that the
magnetic field generated by the
current in each coil cancels with the
other one.

If one fails, there is a substantial
field which switches on the reed
relay and illuminates the warning
lamp foras lonﬁas the brake pedalis
pressed. If both fail, of course, noth-
ing happens.

Some experimentation is neces-
sary with the number of turns
required. This will depend on the
particular reed relay chosen, but
almostanytype of reed will do. Ifthe
relay closes even when both lamps

areworking, then thereare probably
too many turns, or else the coils are
not close enough in turns to cancel
the magnetic fields accurately.

Experimenters with a penchant
for semiconductors coula use one
of the Hall effect switches available
from Electromail, but a reed relay
works perfectly well.
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Aerial Without
Holes

Here is a method of using the rear
window demister as an aerial for
radio reception. The basic tech-
niqueworks well forlongand medium
wave reception, as proved by several
friends’ cars on which itis used. This
design isextendedtogiveimproved
reception of VHF transmission.
Normally, any radio signal picked
up by the rear window demister
would be shorted promptly to
ground, where one side of the demis-
ter elment is connected. When the
power is switched on, the otherside

is connected toground as faras RFis
concerned, so there is no chance of
tapping offanysignal. Ifthe element
were disconnected at both ends,
though, it could be made to work as
an aerial.

In this design, it is disconnected
from the point of view of the RF, but
the power is still connected. L1isa
bifilar wound air-cored coil which
presents a high impedance to VHF
signals, preventing them from leak-
ing to ground.,

L3 is a bifilar coil wound on a pot
core, and is of a high enough induc-
tance to present a high impedance
even to longwave signals. Because
of its core material it would be lossy

Replacement
Voit aF
Regulator

In older cars, especially, the instru-
ment voltage regulator is likely to
have rather burned contacts. This
means that it will gradually become
intermittent in its functioning, and
will generate inordinate amounts of
car radio interference meanwhile.
The sound of this particular inter-
ference is often reminiscent of feet
on gravel.

Figure 1 shows the normal type
of instrument voltage regulation
found in, for example, old Marinas.
Heat bends the bimetallic strip away
from the contact, which turns offthe
powerto the instruments and to the
small heating element.

The strip cools down, and
switches the power back on. The
action maintains the same average
heat and hence the same average
voltage, regardiess of the exact
input voltage.

Figure 2 shows a typical instru-
ment. The bimetallic strip here hasa
long thermal time constant, so it
only responds to the average current
through it and ignores the fact that
the power is switched on and off. It
will work just as well with a steady
voltage, if that can be provided.

Figure 3 shows a means of deter-
mining what steady voltage is
needed. Oncethis circuitis connec-
ted it should be left until the meter
reading is more or less steady, then
the reading should be noted. The
voltage is normally about 10V.

The old regulator should then be
prised apart and the old works re-
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moved from the terminals. The new
circuit shown in Fig. 4 should then
be constructed on the remains, and
setto the voltage measured in Fig. 3.
The new regulator can now be
plugged in. All should work well.

BIMETALLIC
STRIP
TO INSTRUMENTS

TOBATTERY
g /A. o
Y

HEATING
ELEMENT

CHASSIS
Fig. 1 Usual bimetallic strip regulator.

FROM
REGULATOR

-
POINTER

BIMETALIC
STRIP

FUEL
TANK

FLOAT

Fig. 2 A typical fuel gauge.

x Y
& REGULATOR 1,

Fig. 3 First determine your voltage.

TO
BATTERY TO INSTRUMENTS
o-———-. 4)

X LM317 v
R1
120R

SBOR

AvVi
SET
VOLTAGE

CHASSIS

Fig. 4 A totally non-moving regulator.

at VHF, and would leak such signals
to ground, which is why L1 is
needed.

L3 in particular, must be bifilar
wound so that the magnetic fields
generated bythe forward and reverse
current flow in the element cancel
out. Otherwise tae magnetic material
would saturate, and lower the in-
ductance of L3 almost to that of an
air-cored coil.

Even with L1, VHF reception
mightleave something to be desired,
because the matching of the heater
element into the radio is rather
worse than with a conventional
aerial. L2 and CV1 provide crude
tuning and impedance matching to
improve the situation.

To make the bifilar coils, two
strands of enamelled copper wire
should be twisted together. If possi-
ble,awire diameterofaboutQ.5mm
should be usedto preventexcessive
heating of the coils. L3 should con-
sistof 20 turns wound on almostany
reasonably substantial pot core. An
RM10 type would be suitable. L1
should be 20turns wound onathick
pen or any object about %2-inch in
diameter.

L2 and C2 require some experi-
ment. A good starting point for L2
would be 15 turns of 0.25mm wire
on a%-inch former fitted witha VHF
tuning slug. The turns may be in-
creased or decreased if the capaci-
tor needs to be set to one end of its
range for best reception. If maxi-
mum capacitance is needed then
increase the inductance, and vice
versa.

When the unit is built, it should
be connected to the radio using a
special low capacitance screened
lead intended for use with car aerials.
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TECH TIPS: In-Car

{ON HEATSINK}
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Digit al it has a step size of 1mV. This makes Finally, the exterior temperature
the maximumreading999mV,which  sensor should be positioned some-
Temperature means that 1V reference voltage is ~ where outside the car, not near to
needed. The initial accuracy is only  the engine or exhaust. If there is a
Readout +6°C, however, so individual cali-  convenient cable run from the dash-

Here is an accurate digital ther-
mometer which can measure the
temperature both outside and inside
the car. It uses a standard Intersil
LED DVM IC which is widely avail-
able. Among other things, it can
warn of the danger of icy roads.

This DVM chip, in common with
allormost others, requires a split rail
supply to operate. This supply is
provided by a diode pump circuit
driven from the on-chip oscillator
via a 4049 CMOS buffer. As long as
the power supplies are correct, the
display will read out the difference
involtagebetween IN Hland INLO
as a proportion of 2Vref. The 7107 is
a 3'%:-digit converter, so the three
digits actually used will work over a
range equal to Vref (minus one least
significant digit).

Reference

The temperature sensors give an
output of nominally 10mV/K, which
is 10mV/°Crelative to 2.73V.There-
fore, the least significant digit of the
display will read tenths of a degree if
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bration pots are needed for the
interior and exterior sensors.

The power supp
5V device intended
use. It is supposed to be immune to
damage by the substantial voltage
spikes which can be present on car
electrical systems. A 7805 would
also be suitable but it is not guaran-
teed to be proof against the worst
that a car electrical system can offer.
Operating on this low voltage, the
dissipation of the display current
limiting resistors is minimal and
resistornetworks may be used if this
is convenient.

Adjustment

Taobtain best performance from
this circuit the pots should be adjus-
ted in the correct order. First the
reference voltage should be set to

1V using RV1.

regulator is a
r automotive

en the voltage on

the IN LO input, pin 30, should be
set to 2.73V above ground using
RV2.Then, with the aid of an accurate
thermometer, the temperature sen-
sors should be calibrated, using RV3
and RV4.

board to the engine compartment
the sensor wires can be routed
through this way, but the sensor
shouid be positioned clear of the
engine, and preferably level with
the sills behind the front wheel. This
should give warning if the road is
Iikelz to be icy.

If the unit is imﬁossible to cali-
brate, then check that the negative
supply is at least 1.5 voits negative
with respect to ground. If it is not
then check all the components in
the negative supply circuit (D1,D2,
C2,C8 and IC5).

The only other likely problem is
that the displays may ge wired in-
correctly, which should be obvious
because the read-outs will only
resemble numbers by sheer chance
if the connections are wrong.

— —— f——ET'

Our readers’ survey — the results of
which are A’ust comin F through —
suggests that you’d like more of
these short circuits. Keep alook out
for more next month.
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PCB FOIL PATTERNS

The foil pattern for the RGB Converter board.

The multi-purpose 1M2917 board which is used for the Tacho/Dwell meter.

Due to lack of space, the foil pattern for the LEDscope board have been held over until next month. ETI
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ALF'S PUZZLE

Alf has been attending evening
classes at the local technical
college again. After a few hours of
what he thought was extremely
advanced abstract network
theory, he discovered that he had
been attending a basket weaving
course by mistake, and with asigh
of relief he trotted down the cor-
ridor to join the electronics class.
He arrived just in time to hear
the teacher say that op-amps
should have very high gain — the
higherthe better— otherwise the
formulae for feedback resistors
and things would not be accurate,
Then it was time to go home, His
homework was to make anampli-
fier with a gain of exactly 1000.
Next day Alf went to the sta-
tionery cupboard, got a new

Fig. 1 Ali's Super-
gain op-amp.

pack of envelopes to write on the
back of, and set about designing
the best op-amp in the world. His
Pterodactyl ‘Guide To Op-amps’
{Pterodactyls were precursors of
Penguins) told him that op-amps
normmally had gains of about 108
to 108, so the first thing was to

increase this as much as possible.
He took an op-amp out of his
drawer, a handful of 10M resis-
tors, and built up the circuit of Fig.
1. The 100M resistor was made
from ten 10M resistors in series.
Alf worked out that his circuit
shouldhave again of 108 —about
a hundred times as good as an
ordinary op-amp. ‘Who cares if
it's not quite accurate?, he
thought. ‘I'll settle for a gain of
more-or-less 108
He put the circuit in a plastic
box, pured epoxy resin over it,
and labelled it ‘Alf's Super-gain
Op-amp'. Then he took a pair of
resistors and madethe usual feed-
back arrangement to give a gain
of 1000 (Fig. 2).
Thefollowingweekhecouldn't
wait to show off his circuit to the
class, being sure that it would be
100 times as accurate as every-
body elses. Do you think it was
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Fig. 2 Highly accurate
gain setting?

any better? If not, what is wrong
with Alf’s reasoning?

The answer to last month’s
puzzie:

The working circuits are a, d
and e. The rest are duds.

OPEN
CHANNEL

A proposed service for the inte-
grated services digital telephone
network (ISDN) is to transmit
videoimagesin digital form. Users
of the ISDN can, theoretically,
see as wellas speak to each other
ateach end of the telephone line
— avideophone, no less. But has
anyone stopped and had a quick
think about the sort of data rate
this requires?

No Einstein

A data rate of well over 100
Megabits/sec is needed to trans-
mit a fully fledged television pic-
ture. It doesn’t take an Einstein to
realise that this sort of transmis-
sion is totally out of the question.

There are fairly easy and weli-
accepted methods of reducing
the qualityand hence the required
data rate to transmit the picture.
Initially the scan rate (the speed
at which the original scene is
detected by the camera) can be
reduced, resulting in transmis-
sions of, say, 10 complete scenes
per second instead of the 25 in
existing television systems.

Secondly, it's possible to trans-
mit only those parts of the scene
which have changed since the
last scenewastransmitted — those
parts which haven’t changed
aren't transmitted; the receiving
system displays them exactly as
they were in the ptevious scene.
Finally, the number of resolvable
picture elements, or pixels, can
be greatly reduced; from about
570 (horizontally) by 400 (ver-
tically) for a television system, to
say, .352 by 288 for a video-
phone system.

Videophone systems using
these techniques require in the
region of 2 Megabits/sec of data
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rate capability, a reduction in data
rate of over 50 times that of a
familiar  television  picture
transmission.

This might all sound great to
potential users of the ISDN
service, but remember that indi-
vidual users of the ISDN will have
access to the network via 65
Kilobits/sec nodes. It will take
some 32 parallel nodes between
two users of the ISDN to allow
videophone transmision!

This is not usually possible
(because of cost) to individual
users, Business users, on the other
hand, can have {and presumably
afford) multi-line access nodes of
2 Megabits/sec capacity, speci-
ficallyintended for PABX connec-
tion but usable for videophone
servicesasrequired. Handy, huh?

The German-based electronics
company, Siemens, have been
researching possible ways of
reducing the required data rate
and seems to have its hands on a
viable answer. Instead of trans-
mitting strings of binary digits,
each of which represents the
intensityateach pixel ofthe scene
(the usual method of digital pic-
ture transmission), the Siemens
method first breaks up eachscene
into squares of 16-by-16 pixels
and then transmits data which
corresponds to the image con-
tent of each square. Only 396
data strings will thus have to be
transmitted for every scene of a
352 by 288 pixel videophone
system {a mere 22-by-18 sixteen-
sided squares), as against the
101,376 data strings normally
transmitted. .

Even allowing for the fact that
the square data strings will of
necessity be much longer than
the individual pixel data strings,
the potential for reduction of
required data rate is enormous if
the system can be made to
work.

In practice, Siemens has been
messing around with discrete
cosine transformations to pro-
vide data strings which adequa-

-tely describe the image content
of the squares, and this method
appears to be OK. Siemens hope
tobeableto cuttherequireddata
down to, initially, 383 Kbits/sec
and eventually 64 Kbits/sec —
the datarate whichassingle access
nodeoftheISDN provides. Video-
phones may yet be with us.

My Favourite Subject

Direct broadcast by satellite
(DBS) will be in the news shortly,
ifnotalready by thetimeyouread
this, because the Independent
Broadcasting Authority is sche-

duled to reveai the licensed fran- .

chisees who will providethe three
channels to be transmitted, by
the enidd of the year (1986, thatis).
On revealing this news the IBA
will automatically define the con-
tent of the channels — that's
quite a responsiblity, and not to
be envied.

it's interesting to note that out
of the five channels which the UK
hasbeenallocated forthe services
only three are to be used, with no
plans (at the time of writing) for
the remaining two. It may be that
they will be leased to other pros-
pective franchisees with the pro-
visothatif one ortwo channels of
the three aliocated franchisees
breaks downthe remaining chan-
neis will be re-allocated leaving
the leasing body without a
channel.

It may be the extra channels
will notbe used atall. Orit may be
the channelswillbeallocated toa
large broadcasting corporation
which just happens to have two
terrestrial-based television chan-
nelswhich eould quite happily be
transmitted by satellite (men-
tioning no names, Auntie}.

Whatever the situation, D8S
will not provide the sort of chan-
nel variants which it was first
thought may occur, nor will it
provide the sort of television
revolution which we all initiaily
anticipated. Despite all the media
hype about the Japanese and
American high definition televi-
sion system (HDTV), D8S in the
UK will probably use the C-MAC
(multiplexed analogue compo-
nent, version C — if you must
know) format, although it is just
possible that version D2 of the
MAC format (D2-MAC) will be
adoptedifanyonevoicesaserious
demand for it

Anyway, C-MAC or D-MAC,
you can forget HDTV. None-
theless, the UK D8S system will
provide much higher definition
than existing terrestrial-based
television services, but only if
new receivers are used. Existing
receivers can be adapated to
receive DBS transmission but
definition willonly bethesameas
existing terrestrial broadcasts —
the definition is limited by the
receiver.

Sowhy aren‘t we seriously con-
sidering HDTV? Well, even if the
bandwidthallocated to DBS chan-
nelswas large enough to transmit
HDTV format pictures, which it
isnt, existing receivers could
never be used to receivean HDTV
transmission. And that would
mean all potential users of the
service would have to buy a new
receiver — an enormously expen-
sive receiver at that. Using MAC
format, potential users have the
choice of adapting the existing
receiver or buying a new receiver
which is itself merely an adapted
version and therefore will not be
quite so expensive as a pure
HDTYV receiver. So MAC format,
of one form or another, it is.

Keith Brindley
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[EE| Amplifier Modules

The most sophisticated and highly
protected modules available today.

MODULE POWER/LOAD PRICE
CE608 B60W 8Q £21.00 Bi-Polar

CE1004 100W 4Q £24 50 Bi-Polar

CE1008 100w 8Q £27.50 Bi-Polar

CE1704 170W 4Q £35.00 Bi-Polar

CE1708 170W 8Q £35.00 Bi-Polar

CE3004 300W 4Q £49.00 Bi-Poiar

FES08 120W 8Q £31.00 MOSFET
FE1704 220W 4Q £52.00 MOSFET
FET3 450W 4Q £74.50 MOSFET
CPR 2 Stereo Preamp £47.95

REG 2 +/—12v Supply £16.00

Prices include P-+P,VAT. All modules are guaranteed for 2
years. For more information on these modules and our other
products please write (s.a.e.) or phone.

CRIMSON ELEKTRIK STOKE Agents:—
BRADLEY~MARSHALL

PHOENIX WORKS 382-386 EDGEWARE RD.

500 KING ST, LONDON.

LONGTON

STOKE—ON—TRENT WILMSLOW AUDIO

STAFFS 35-39 CHURCH ST.
WILMSLOW

TEL.(0782) 330520 CHESHIRE.
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Readers’ Ads
~ Below

64K CP/M Computer, twin 720K discs, 512x512
colour monitor, Professional system £600 o.n.o.
Tel: Leices. 354747.

RADIO Amateurs exam course. Cost £50, Offers
or what have you. Tel: 021-744 9371.
WANTED 6502up base trainer with manuals and
hex keypad. Bradshaw, 13, Broadway, Ketley,
Teiford, Shropshire, TF1 4AT. Tel: (0952)
55352,

WANTED ideas/help designing 625 to 405 line
converter for vintage TVS. A, Green, Ireland, 010
35351 75687.

SCOPE, telequipment D83, EHT fault £75 or
exchange any transistorised test equipment.
Worthing (0903) 42927 home, 205531 ext
330 office.

MICROBOX Il professional monitor and key-
board DDDS disk, flex ROMs. £375 o.n.o.
0505 613144,

WANTED:gameslibrary module forTI1-58/9.D.S.
Knoll, 99 Connaught Road, Roath, Cardiff, CF2
3PX.

VALVE GUITARAMPLIFIER, 25 yrs old. Twin 12”
speakers, Selmer Thunderbird reverb, tremolo,
£90 0.n.0. 0509 843214 evenings.

LASER 5 miliwatt coherent light spiroscope
head & control desk. £400.00. Lighting control
equipment details. 0905 29690 evenings.
MUST CLEAR! receiver transmitter for mains
switching and control. £20 mrn. cross. 13 Pont
Road, Leadgate, Consett, Co. Durham DH8 6HE.
POWER SUPPLY. 2 independently variable out-
puts. Current limiter etc. Fan cooled. S.0.TA.
£30.00 (0493) 859294,

WANTED circuit diagram for AVO CT471A.
Call Pete Davies 0703 22432,

FOR SALE Amstrad PCW8256 analog to digital
converter £32 o.n.0. Phone Caerphilly 868344
after 7pm.

PHILIPS Digital Muiti Meter model PM2521
£250.

Exchange 350 electronics magazines for mixer,
Spectrum hardware or anything electronic. Tel:
7311509,

560 SYNTHESISER, nearly completed, £200 or
exchange compact disc player, (recent). Mill-

{ house, 7 Bentinck St., Mansfield, Notts.

PARABOLICDISH 48" x 12’. Steel, painted grey.
Ex. Navy. First offer over £30.593382. E.G. Pries-
tley, 6, Lynden Ave.,, Windhill, Shipley, West
Yorks. BD18 THF.

WANTED: Radio Designers Handbook 4th Edi-
tion (1945-46). Langford-Smith. llliffe, 59 Fen-

ton Road, Bournemouth, Dorset BH6 5BS.
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Free Readers’ ADS!

Buy, sell or exchange through our free service to readers
CONDITIONS

1. These advertisements are offered as a free
servicetoreaderswhoarenotengagedin buying
or selling the same equipment or services on a
commercial basis. Readers who are should con-
tact our advertising department who will be
pleased to help.

2. Advertisements will be inserted as and when
space becomes available.

3. Theinsertion of advertisements willbeon a
first-come, first-served basis, subject to condi-
tion (2). As a result, it will not be possible to
guarantee the inclusion of a particularadvertise-
ment in any particular issue of the magazine.

4. Readersshould either write out theiradver-
‘tisements in BLOCK CAPITALS ortype it, under-
lining any words that are to appear in bold.
The magazine cannot accept any responsibility
for printers’ errors in the advertisements; how-
ever, we will do our best to ensure that legibly
written advertisements are reproduced correctly.
Inthe eventofagross error, atthe Editor'sdiscre-
tion, a corrected version of the advertisement
willbe printed(attheadvertisersrequest) inthe
earliest issue in which space is available.

6. The magazine or its publishers will not
accept responsiblity for the contents of the
advertisements, and by acceptance of these
conditions, the advertiser undertakes to

indemnify the publisher againstany legal action
arising out of the contents of the advertise-
ment.

7. The magazine reserves the right to refuse to
accept or to delete sections of advertisements
where this is judged necessary, for whatever
reason.

8. Advertisements are accepted in good faith;

- however, the publisher cannot be held respon-

sible for any untruths or misrepresentations in
the advertisements, nor for the activities of
advertisers or respondents.

9. Advertisers must fill in their names, addresses
and (ifavailable) telephonenumberinthespace
provided, and sign the form to indicate accep-
tance of these conditions (forms returned
without a signature will not be used).

10. Alithatis to be reproduced in the advertise-
ment should be entered in the space provided
on the form printed in the magazine — note that
a photocopy is not acceptable. All advertise-
ments must give either a telephone number
and/or address for respondents to contact, and
this must be included in the wording of the
advertisement.

11. Advertisements must be 15 words or less in
length (telephone numbers and names normally
count as one word, addresses as two).




Lineage:

42p(+ V.A.T.) per word (minimum 15 words)
Semi Display: (minimum 2 cms)

£11.60 per single column centimetre

Ring for information on series bookings/discounts
All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and

conditions printed on the advertisement rate card (available on request)

ELECTRONICS TOAY INTERNATIONAL CLASSIFIED

01-437 0699 Ext 291

Send your requirements to:
Nicola Baty

) ETi Class. Dept.,
ASP Ltd.,
1 Golden Square,

London Wi.

FREE BOOKLET
on

BURGLAR ALARMS
with !
LOWEST U.K. DIY PUBLISHED PRICES
PHONE OR WRITE FOR YOUR COPY
051-523 8440
AD ELECTRONICS

217 WARBRECK MOOR
AINTREE, LIVERPOOL L9 OHU

FOR SALE

pe

~ ORGAN

2000!

£10.00 each or offers for the lot.
RING (0532) 455685

... Ex-Pub amusement PCB's for sale.
Containing many caps. resistors, i.c.’s.
Diodes. Eproms, Z80's, crystals eic.

AUTOMATIC GARAGE DOOR
OPERATORS. £65.00. SA.E. for

FREE PROTOTYPE of the finest
guality with every P.C.B. artwork
designed by us. Competitive hourly
rates, and high standard of work.
Halstead Designs Limited,
Finsbury House, 31 Head §Si,
Halstead, Essex CO9 2BX. Tel:
0787 477408.

DESIGN SERVICE§ MICropro-

ALARMS PLANS & DESIGNS m

[11y o=

Design and build your awn glectronic
dashboard.

Plans. instructions, circuits. parts lists
£4.95 inc p&p
BURLINGTON MOTOR CO. LTD,,
(G1) ARCH 33M, BATH PLACE,
LEAMINGTON SPA CY3t 3AQ.

PROMs -EPROMs - PALs

ANY PROGRAMMABLE IC
SUPPLIED OR BLOWN
PRICES (Including Programming)

2716 £285 2732 £3.10
2764 £280 27128 £3.85 etc.
BIPOLAR PROMs from £1.50
e.g. 825123, 185030, 745288
PALS, PLDs etc, from £4.05
eg. 8B2s153, 16L8. EP300
Fuli design and prototyping service
Any quantity programmed - SAE or
phone for detaiis
P.L.S., 16 Wordsworth Drive,
Cheam, Surrey, SM3 8HF
Phone 01-644 8095

FREE DISK - when you reguest
our amazing disk prices - Nebulae
(M.C), Freepost, Carrickfergus,
Co. Anirim BT38 7BR.

ELECTRONIC ORGAN KEY-
BOARDS and other parts being
cieared out. Special Offer: Eivins
Electronic Musical Instruments,

ELECTRONIC
COMPONENTS

ESR

¢ Full range of Components
® Motors & Servos

« Robot Arms & Interfaces

« Velleman Electronic Kits
Send for new catalogue. 60p inc. P&P.

13A Stanon Hoad. Cullercoats,
North Shiglds, Tyne & Wear NE3Q1PQ
091 251 4363

40A Dalston Lane, London E8.

jp——

512, dimin._DOE

Resistors 25W 5% E12 vaiues ..£0.01
Eprom 27256-2, 12.5 Vprog .....£3.90
Ram 6264LP-15.... ... .......

25way Dplug ........
Centronics 36 pin plug A
DIN plugs & skt's 56,7 pin ..... £0.20
LED’s 5mm red, grn, amber ....




KITS AND KITS AND
READY BUILT READY BUILT FURNITURE

FM TRANSMITTERS Same day
despatch MINIATURE MODEL
frequency 60-145 Mhz, range 1
mile. Glass fibre P.C.B. All
components. Full instructions 9-
12V operation, broadcast
reception. Super sensitive
microphone. Pick up on FM/VHF
radio. £6.95 inc or ready built
£8.95. Size 57 x 19 x 12mm. HIGH
POWER MODEL. 3 watts 80-108
MHz. Professional broadcast
performance. Low drift varicap
contrelled. Range up to 7 miles.
12V operation. Any input
audio/microphone. All compo-
nents P.C.B. diagrams and
instructions. Size 103 x 39 x 29mm.
Kit 13.99 inc or ready buiit £18.99
inc. TONE GENERATOR 3-
selectable functions; PIP, Warbie
and puise tone: All components,
instructions & P.C.B., feedinto any
audio input or transmitter; variabie
frequency and gating controls. 6-
12V operation 53 x 38 x 14mm.
£5.50 incl. TONE GENERATOR
POWER AMPLIFIER. All
components, instructions and
P.C.B. turnstone generator into a
high power siren for alarms; 18
watls max. at 12-15V. 62 x 38 x
14mm £7.00 inclusive DIGITAL
CLOCK/TIMER MODULE.
12/24 hour & seconds (0.7inch
LED) display, 8-functions.
Applications: uncommitted output
transistor for switching on Tape-
recorders: Lighting, Security, etc.
External Loudspeaker Quiput. 84 x
38 x 16.25mm. Full instructions &
Modular PCB £17.49 inclusive.
MAINS TANSFORMER for above
if required: £5.24 incl. DIGITAL
CODE LOCK MODULE: 4
18vV.DC operation; 10,00
combination quality key pad;
programmable code; low-power 3-
outputs (0.2A); 3-LED status
indicators. All components,
instructions & PCB. Applications;
Alarms; garage doors; cars, eic. 39
x 62 x 9mm.Kit: £15.95incl. Ready
built; £19.95 incl ZENITH ELEC-
TRONICS. 14 Cortiandt Business
Centre, Hailsham, East Sussex
BN27" tAE. Tel: 0323 847973
or 04353 2647.

SECURITY LIGHT KIT mains
operated can control up to 600W of
additional  lighting. Multi-beam
passive 1R. peopie detector
triggers light. Kit complete with
case. PCB, IR module and all
components. For details send SAE
1o Beeches Security Systems 64,
Carrs Way, Harpole, Northampton
NN7 4DA.

ET! KITS assembled and tested*
by electronic trainees under
supervision within a purpose built
electronic workshop for as little as
£10* (* depending on type of kit
and complexity). Contact:- A.J
Smith, Dept KA. Electronics
Workshop, Lincoln L.T.EC. Dean
Road, Lincoln EN2 4JZ. Tel. 0522
43532.

68008 SINGLE board computer,
contains 80 T/D/S disc interface,
colour display, 8K monitor etc.
Bare P.CB. or built. Also 6809
micro-set system and tangerine
conversions. SAE. for details.
{state which) Ralph Allen Eng
Forncett-End Norwich.

ETI JANUARY 1987

ECOLIGHT

TURNS CN THE LIGHT WHEN
PEOPLE APPROACH IT AT NIGHT
As featured In ETI July 1984 and

Elecironic Digest Spring 1986,

Fuil kit of parts .............. £23.00
PCBIONIy s, o s LRy p £4.75
Reprint of article...... free with SAE

G.P. ELECTRONIC SERVICES,
87 Willow Tree Avenue,
Durham OH1 1DZ.

(0385) 49707

TRAINING

COURSE

PROFESSIONAL
ELECTRONICS
TECHNICIANS

Short re-training courses
(1-3 weeks)
VCR SERVICING
MICROCOMPUTER
SERVICING
(ONC/OND/HNC also available
in modules)

* MSC GRANT AID to
EMPLOYERS/TRAINEES x

Television/Video/CCTV/
MICROELECTRONICS
information Technoiogy/
CADCAM/ATE
MICROPROCESSORS/
Computers/CONTROL
LONDON ELECTRONICS

COLLEGE

Dept (ETI

20 Penywern Road
LONDON SW5 95U, 01-373 8721
Next starts 6th October and

Exclusive Opening Offer to.“E.T.1.” Readers

These fuliy adjustable posture chairs are designed
and manutactured for use in a punishing office
environment. British made, with over 10.000 havin
been sold nalionwide. NOW AVAILABLE OIREC
TO YOUIl!

Upholstered in either Dark Brown or Charcoal Grey
hard wearing contract tweed. {(Meets B.S.5852 cigar-
etle and butane flame test.) Comes to you packed in
a box with full instructions for easy assembly
S Fuil 12 Moath guarantee.

. Only £26.939 + £3 p&p & ins. (m.r.r.p. £43.50)

Please mzke Cheques/P.Q's payable to:
HARYEC SUPPLIES, BOX No., >
1 GOLDEN SQUARE, LONOON W1R 3AB
QLY. Noanee
at £29.99 each inc. p&p & ins.
_P.C .2 {C/Coal Grey Tweed)
at £28.99 each ine. p&p & ins.

We will endeavour to despatch all orders
within 14 days. but please allow up to 28
days for delivery.

Full range of eolours available at a small
extra cost to mateh your decor.

Send S.A.E. for details.
Trade enquiries welcome. Oiscounts for quantity purchases.

qty S

ET66, ETECLASSIFIED

P.C.1 (Dark Brown Tweed)

27th October.

POWER SUPPLIES

220/240v AC Electricity from 12v
batteries. Encapsulated modules
with screw terminals. Microchip
design. Just connect transformer
and 8 heat sinked transistors 1o
terminals. 400W/12v £28;
600W/24v £30 p&p £0.75
Detailed assembly instructions
provided, Chataigne Products,
Green Lane, Great Horkesley, Col-
chester, Essex, CO6 4HD. (Prop.
J.A. Richmond).

POWER MODULES 5-15V %A
£795 SAE lists. Distributors
required. JCE. P.O. Box 31
Bridgwater, Somerset TAS 2LQ

SATELLITE

SATELLITE T.V. Receiver Kits
£155 - £1,800. Far Technical How
To Build Manual send £3.50 or
catalogue only €1 to: C & STV,
11, Wensley Gardens; Leeds 7.

RING NICOLA BATY

ON 01-437 0699 FOR
ADVERTISING DETAIL

MISCELLANEOUS

HEATHKIT U.K. Spares and
service centre. Cedar Electronics,
Unit 12, Station Drive, Bredon,
Tewkesbury, Glos. Tel. 0684
73127

PARAPHYSICS Journal (Russian
Translation); Psychotronics;
Kirlianography, Heliphonic
Music, Telekinetics. Computer
Software. SAE 4 x 9", Paralab,
Downton, Wiltshire.

COMPONENT TESTER. Turns
any oscilloscope with XY input
facility into a valuable component
tester. Tests all types of semi-
conductors, capacitors, resisiors
efc., in or out of circuit, and
displays results on CRT. Ideal fault
finding tool complete with test
leasd and instructions. Only
£19.95 (plus £2 p&p). Send
cheque/P.O. to: DMR Electronics
(ET1}, 23 Regent St, Queensbury,
Bradford, W. Yorks. BD13 1AU. Tel:
(0274) 882892.

VOICE/SOUND ACTIVATED
SWITCHES easy to follow dia-
grams and uses only £1.00. Com-
ponents and P.CB's available:
Herrington, 63 Home Farm Rd,
Hanwell, London W7 1NL.

REPAIRS

INSTRUMENT REPAIRS osciflo-
scopes, generators, muitimeters
and more. Viking Electronics,
Potkins Lane, Orford, Suffolk IP12
28S {0384) 450006.

COMPONENTS

PANEL METERS, {ransformers,
test equipment, sirens, tools,
microphones, service aids. Send
£1 for new fully illustrated 170 page
catalogue. M. Dziubas. 158
Bradshawgate, Bolton, Lancs.

LINSLEY HOOD Designs. Send
SAE. for details to Teleradio
Electronics. 325 Fore Street,
London N9 OPE.

EQUIPMENT

GE!GER COUNTER, Inexpensive
gen-purpose  portable radiation
monitor (Audiovisual). Kitform
(full assembly data) £79.92. Buift
£89.32. Post. incl. Others, send
S AE. Becker-Et, 9 Finucane Drive
Orpington. 0689 37821.

COMPLETE GEIGER counter
{with Tube) for radiation measure-
ment - Under £50. Send for details:
Radiation Detectors 46/47 Pall
Mail, London SW1Y 5JG. Tel (01)
839 3143.

COILS & CHOKES

MAXI-Q

COILS AND CHOKES
PREVIOUSLY MADE BY DENCO
S AE PRICE LIST

8 BRUNEL UNITS, BRUNEL RD,
GORSE LANE IND. ESTATE,
CLACTON, ESSEX CO15 4LU.
TEL: (0255) 424152

TERMS

CLASSIFIED ADVERTISING
TERMS & CONDITIONS

Cur 1erms (or new advertisers (semi-

display and linesge} are strictly pro-

farma  pay until tislactory

reference can be taken up (exciuding

recognised advertising agencles).

Ch PO’s should be d ang
made payabie 1o;

ARGUS SPECIALIST
PUBLICATIONS LTO.,
and send together with the
advertisement to;
THE CLASSIFIED DEPT.. L/H,
NO: T GOLOEN SQUARE, LONOON
W1R 3A8.

There are no reimburesments for
canceliations. Advertisements ammiving
100 |ate lor & particular issue will be
inserted in the following issue uniess
accompanied by instructions to the
contrary.
All advertising sates are subject to
Governmant regulations concerning
YAT. Adveriisers are responsible for
complying with Ihe various legal
requirements in force t?: Thve Trade
Qescription Act, Sex Olacrimination
Act & The Business Advertizsements
. (Disciosure) QOrder 1377,
FULL TERMS & CONDITIONS OF
ADVERTISING AVAILABLE ON
REQUEST

81
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LANCASHIRE

ELECTRO SUPPLIES
NORTHERN COMPONENT SPECIALISTS
Test Equip Perip
S[NDFOR{'A‘-ALOGUE Tiade Enquines Welkcome:

35

45 LOWER HILLGATE. alas at SNA\’ICLOUGN ROAD,
STOCKPCORT. CHESHIRE. WATERFOOY
061 477 9272 ROSSENOAI.E BB4 947

LIVERPOOL

PROGRESSIVE RADIO

87/93 Dale Street. Te! D51 236 0154
47 Whitechapel. Tel 051 236 5489

Liverpool 2
‘THE ELECTRONICS SPECIALISTS’

Open: Tues-Sat 9.30-5.30

YORKSHIRE

COMPUTERCARE

Electronlc Components Computer
Supplies * Repairs.

12 Commerclal Road, Leeds LS5 3AQ
{Across from Kirkstall Leisure Cenire)
Open: Monday-Friday 9-5.30
{Saturday please phone first)

Phone LEEDS 743356 for stock list

WHY NOT ADVERTISE

YOUR BUSINESS HERE?
RING 01-437 0699

—II>§OI—|OI'I1I-H‘I

Cstloday]

CLASSIFIED ADVERTISING COUPON
Post to: ETI, 1 Golden Square, London W1A 3RB
Rates:- 42p per word (min. charge £6.30). Semi display

{(min. 2cms) £11.60 per single column centimetre.
Please debit my Access/Barciaycard No. & §

LITTTITITT LN 81V fexpiry date

................... insertions.
Or | enclose my cheque/PO for£....... fO LIt

insertions.

Name (Mr/Mrs/Miss/Ms)

(delete accordingly)

Please use BLOCK CAPITALS and include post codes.
A S CAt O R s v e S v Ml e S A s Wt i e W e

Y ey oS e o e S X SN o, e Ty A0y - 72 CRLATESR S TR & R e

Signature ............................ Datei = =y, o

Daytime Tel. NO. ... ..o duyvan o rimhien alioda Lol clia @ s w et

'—----——-——-—--——-—-—-—--q@

Solution to Crossword No. 11

ACROSS 23) Heater

1) Patch cord 24) Flyback 6) Handset
8) Alarm 25) ASCH 7) Impedance
9) Dialect 26) Condenser 10) Cone

11) Paddle 12) Erase head
12) Element 15) Scratch
13) Fuse DOWN 16) Arsenic
14) ABS 2) Axial 19) Call

17) Tin 3) Column 20) Carbon
18) Core 4) Out 22) Cydle

21) Balance 5) Databus 24) Fan

CROSSWORD no. 12

ACROSS

1
7)

11)
12
14

15

16)
17)

18)
19)
22)

The conical part of a hom
loudspeaker (6).

A silicon controlled switch
(5).

Branch of mathematics which
uses letters rather than true
numbers, and demonstrates
logic (7).

Means of opening and clos-
ing a circuit (6).

Unit of magnetic flux density
(5).

Family of plugs and sockets
(3).

The smallest particle of an
element which still retains
the unique characteristics of
that element (4).

Binary number, often 16 bits
wide, whichisused as apoin-
ter to a byte of data in
memory (7).

Not write (4).
Aratiobetween twovoltages
or power levels is often ex-
pressed in tenths of this
unit (3).

Electronics engineers work-
top (5).

The fixed plates of a variable
capacitor (6).

Of the two linear voiltage
gradients of a sawtooth
wave, the one with the
shorter period (17).

23)
29)

A short, disruptive discharge,
often through air (5).
HF loudspeaker (7).

DOWN

2)

3)

4)
5)
6)
9)

10)

13)
14)

17)

20)
21)

Property of ametal semicon-
ductor carrying an electric
current placed in a magnetic
field, as a result of which a
smail voltage is developed
(4,6).

The point at which amplifier
operation becomes non-
linear due to excessive input
signal levels (8).

A single loop on a coil (4).
The colour code for one (5).
Erection for raising an aerial
above ground (4).

Loud audible warning device
(5).

One complete pulse period
from a master oscillator
(5,5).

Circuit block capable of
binary sums (5).

Convert a text file of mne-
monic source code into a
machine code program (8).
Made of SRBP or glass fibre,
on which you solder compo-
nents (5).

Units of current (4).
Something a fuse should do
given too many 20 down
4).

ETI JANUARY 1987



HOT LINE DATA BASE

2 DISTEL

+The ORIGINAL FREE OF CHARGE dial up data?
*base. Buy, browse or place YOUR OWN AD for,
+goods or services to sell. 1000's of stock items, ¢
. s%ares and one off bargains. Updated daily. ¢
¢ ON LINE NOW. CCITT, 8 bit word, no parity. e
e _ For 300 baud modems call 01-678 1888 5
- -
-
-

For 1200-75 baud modems call 01-679 6183
EXXXEFEEEFEEANRE R RN AN RN NN R RN LN R RN ]
FREE only £24.95 it becomes a SUPERB

HIGH QUALITY * COLOUR* TV SET

Thefabulous TELEBOX, an N VALUABLE MUST for the owner of
ANY video monitor with a compgsite input, colour or monochrome
Made by a major UK Ca as a TOP DUALITY, stand alone UHF
tuner and costing OVER £75 to manufacture, this opportuni%:o
wegour monitor a DUAL FUNCTION must not be missed! The
ELEBOX consists of a compact stylish two tona charcoal
mouldedcase containing ALL glectronics tuneé.(rower supply etc
to simply piug in and convert your previously dedicated computer

Your monitor from its computeri! For

monltor into a HIGH QUALITY COLOUR" SET, giving a real =

banefit to ALL the famityll Dan't worry if your monitor srgft have ’ PC2000 System PC2000 Business fs;slem with CPM

sound- THE TELEBOX even has anintegral4 wattaudioamplifier | with CPM Etc. and ‘Ready to Run’ FAST Sales and
OST OVER £1400 orts up to

for drivinq an externalspeaker, PLUS an auxtliaryoutgunor superb
S.‘uailty television sound via your headphones or Hi Fl system etc. |
her features include: Compact dimensions of onty 15.75” w X J
75" d x 35° h latest technology, BRITISH manufacture, fully
tuneable 7 channelpush buttontuner, Auto AGC circuit, SAW filter,
LED status indicator, fully isolated 240v AC power supply for total
safety, Mains ON-OFF switch etc. Many other uses.
LIMITED DUANTITY- DON'T MIS5 THIS OFFERIII

ONLY £24.95 OR £19.95 if purchased with ANY of our
video monitors Suppiied BRAND NEW with full instructicns and 2 YEAR
warranty, Post and packing£3.50 *When used with colour crt

COLOUR & MONOCHROME
MONITOR SPECIALS

'SYSTEM ALPHA’ 14" COLOUR MULTI INPUT MONITOR

Made by the famous REDIFFUSION Co. for their own professional computer
system this monitor has all the features to $uit your immedigte anc future
requirements Two video inputs RGB and PAL Composite Videq allow direct
connection to BBC/IBM and meat other makes of micro computers or VCR's,
including our very own TELEBOX An intemal speaker and audio amp may be
connected to computer or VCR for superior sound quality. Many other features:
PIL tuba, Matching BBC casge colour, Major controls on front panel, Separate
Contrast and Brightness — even in RGB mode Separate Colous and audio
controls for Gomposita Vidao input, BNC piug for compoesite input, 15 way ‘D"
plug for RGB iwm. modular eonstruction eicetc.

Thia Must Be ONE OF THE YEAR'S BEST BUYS. PC USER
Supplied BRAND NEW and BOXED, complete with DATA and 90 day
?uarantee ONLY £149.00 as above OR IBM Version £165.00

5 Day 'Y skt £1.00, BNC skt 75p BBC interface cable £5.50
DECCA 80 18” COLOUR monitor. RGB input.
Little or havdlé used manufacturers surplus enables us to ofter this cial
converted DECCA RGB Colour Video TV Monitor at a super low price of only
£95.0C, a Pnce for a colour monitor as yet unheard of! Qur own Interface,
safetékmodfcstlon and spacial 16~ high definition PIL tube coupled with the
DECCA B0 series TV chassis give 80 column definition and quality found only
on monitoss costing 3 TIMES OUR PRICE. The quality for the price has to be
seen to be believed Supphed complete and teady to plug direct to a BBC
MIGCRO computer or any other sysiem with a TTL RG8 outout. Othaer features
are: internal speaker, modular construction, auto degaussing circuit,_attractive
TEAK CASE, compact dimensiong only 52cm W x 34 H x 24 D, day

arantee Although used units are supplied in EXCELLENT condition.

NLY £99.00 + Carmiage.
DECCA 80, 18" COLOUR monitor, Composite video input. Same as above
model but fltted with Compasite Video input and audic amp for COMPUTER,
VCR or AUDIO VISUAL use. ONLY 299.08 + Cart.

REDIFFUSION MARK 3, 20 COLOUR monitor. Fitted with standard 75 ohm ‘

comggsite video input and sound amp. This large screen colour disgla is ideal
for SCHOOLS, SHOPO! QISCUS CLUBS and other AUDIC VISU applk
cationa Supplied in AS NEW or |ittie used condition ONLY £145.00 + Cam.

- BUDGET RANGE EX EDUIPMENT MONOCHROME video monitors.
All units are fully cased and set for 240y standard working with composite video
inputs_ Units are pre tested and set up for up to 80 column use. Even when
MINOR screen burns exist = normal data displays are unaffected 30 day

uarantee,
?2' KGM 320-1 B/W bandwidth input, will display up t0 132 x 25 lines £32.95
12" GREEN SCREEN version of KGM 320-1. Oniy £39.85
9" KGM 324 GREEN SCREEN fully cased very compact unit Only £48.00

Carriage and insurance on all monitors £10.00
IPPLY SF
1 ' :

GOULD DF443 enclosed, compact switch mode supply with DC regulated
outpats of +5v @ 55a, +12v ® 05a, —12v @ 01a and —23v @ 002a Dim 18 x
11 x6cm 110 or 240y input. BRAND NEW only £18.95
GOULD G8-40A 5v 40 amp switch mode su‘?E% NEW £130.00
AG-DC Linear PSU tor DISK dnve and SYS applications. Constructed on a
rugged ALLOY chassis t0 continuously supply tully regulated OC outputg of +5v
@ 3 amps. —5v @ 0.8 amps and +24v @ 5 amps. Short circuit and overvoltage
protected. 100 ar 240v AC input. Dim 28 x 12.5 x 7 cm NEW £49.94

Carriage on all PSU’s £3.00

DC POWEE

"PRES TEL - VIEWDA

|via PRESTE

SUR KL
D UM A
OEC LA34 Uncoded keyboard with 87 %aality gold plated switches an X-Y
matrix— ideal micro conversions etc. £24.9

AMKEY MPNK-114 Superb word processor chassis keyboard on single PCE

with 116 keys Many features such as On board Micrg Single Sv rail tull ASCII
coded character set with 31 function kays numenc keypad cursor pad
and 9600 baud SERIAL TTL ASCH QUTPUT" Less than half price
Only £68.00 with data Carriage on Keyboards £3.50

Manutacturers BRAND NEW surplus

4 A cancelled export order and months of negotiation anables us te offer this professional

BE BEATEN!

Purchase ledger. suw:
9000 Accounts,

SURPLUS SPEC

PLESSEY VUTEL, ultra compact unit, slightly Iar&er
than a telephone features A STANDARD DTMF

| TELEPHONE ({tone diaf) with 5° CRT moniter and

integ\;al modem etc. for direct connection to PRESTEL
VIEWDATA etc. Designed to sel to the EXECUTIVE at
over £600! Our price BRAND NEW AND BOXED at

only £99.00
DECCAFAX VP1 complete Professional PRESTEL
system in slmfine desk 10p unit containing Modem,

umeric keypad, CPU. PSU etc. Connects direct to
standard RGB colour monitor. Many other features
include: Printer output, Full Xeyboard input, Cassette
port etc. BRAND NEW with DATA. A FRACTION OF
COSTonly £55.00
ALPHATANTEL. Very compact unit with integral FULL
ALPHA NUMERIC keyboard. Just add a domestic TV
receiver and [ou have a superty PRESTEL systermn and

the cheapest TELEX service (0 de
foundi! Many teatures: CENTRONICS Printer outpy
Memory dialling etc Supplied complete with data an!
DIY mod for RGB or Composite video outputs. AS
NEW only £125.00
Post and packing on all PRESTEL units €8.50

EX-STOCK INTEGRATED CIRCUITS

4164 200 ns O RAMS 9 for £11 4116 ns
£150 2112 £10.00 2114 £250 2102 £2.00
6116 €2.50 EPROMS 2716 £4.50 2732 £300
2764 £4.95 27128 £5.50 6800 £2.50 6821 £1
68A08 £8 6BB02 £10 8085A £5,50 BO86 £15
8088 £8 NEC765 €8 WD2793 £28 8202A
£22 8251 £7 8748 £15 ZBOA DART %650
Z80A CPU £2.00. Thousands of IC's EXSTOCK
send SAE for list,

Japanese 5% half heiﬁht, 80 track double sided disk
drives by TEAC, CANON, TOSHIBA etc,

Sold as NEW with 80 day guarantee ONLY £85.00
TEC F8-503 Double sided HH 40 TRK NEW £75.00
SUGART SA40Q SS FH 35 TRK £55.00

SIEMENS FDD100 §S FH 40 TRK£85.00

carriage on 5% drives £5.50

Brand NEW metal 5%" DISK CASES with internal PSU.
DSKC1 for2 HH or1 fH drive £29.93 +pp £4.00
DSKC 2 for 1 HH drive £22.85 +pp£3.50
DKSC 3 As DSK1 LESS PSU £12.95 1pp£2.50
DSKC 4 As DSK2 LESS PSU £10.85 +pp£2.00
8" 18M format TESTED EX EOUIPMENT,

t §S £175.00 +pp£8.50
£250.00 +pp 850
TWIN SHUGART 851 a2 Mb total capacity insmartcase,
cor;\glete with PSU etc. £595.00
MITSUBISHI M28984-83 8” DS 1 Mb equiv. to SHUGART
SAS50R. BRAND NEW at £275.00 +pp £8.50
OYSAN 8” Alignment disk £29.00 + pp £1 00
Various disk drive PSU s Ex Stock SEE PSU section.
HARD OISK DRIVES

DRE/DIABLO Series 30 2.5 Mb front load £525.00
Exchangeable version £285.00. ME3029 PSU £95.00
OIABLG 44/DRE4000A, B 5+5 Mb from £750.00
CDC HAWKS+5 Mh£795.00, COC 9762 Boeglb RMO3

etc, 500.00.
PEATEC D3422 5+5 Mb £485.00
ROD|ME 5%" Winchesters ex stock from £150 CALL
Clearance tems - Sold as seen— No guarantea

tCL 2314 BRAND NEW 14" Mb Removable pack hard
disk drive, cost over £2000 with data  ONLY £99.00
BASF €172 8" 23Mb Winchasters £199.00
Unless stated all drives are refurbished with 90 da!
guarantes. Many other drives and spares in stock - call

sales office for detaila

Telephone O

ar

All prices quoted are for U.K. Mainiand, paid ¢ash with order in Pounds Sterling PLUS VAT. Minimum order value £2.00.
Minimum Cradit Card order£70.00. Minimum BONAFIDE account orders from Government Depts. Schools, Universities and
established companies£20.00 Where post and packing not indicated please ADD £1.00 + VAT Warehouse open Mon Fri
9.30-5.30. Sat 10.30-5.30. We reserve the right to cha i

32 Biggin Way, Upper Norwood, London SE19 3XF
1-679 4414 Telex 894502 Data 01-679 1888

AT etc.
CQST QVER £1700

YEIOWMODEMS

I V0 ’

| sgftware setup,
| Printer port. Function ke

ge prices and specifications without no

PC, CPM system, recently on sale at OVER £1400, at a SCOOP price just over the cast of
the two intemal disk drives! Or less than the price of a dumb terminat!!
Not a toy, the BIG BROTHER of the EINSTIEN computer. the DUAL PROCESSOR
PC 2000 comprises a modem stylish three piece system with ALL the necessities for the
SMALL BUSINESS, INDUSTRIAL, EDUCATIONAL or HOBBYIST USER. Used with
the THOUSANDS of praven, tested and available CPM software packages such as
WORDSTAR, FAST, DBASE2 etc, the PC2000 specification, at our prices. CANNOT

The central processor plinth contains the 84 K, ZBOA processor, DUAL TEAC S5F 5%
Double sided 40780 track disk drives (1Mb per drive), PSU, 4K of memory mapped screen RAM, disk controller, RS232,
CENTRONICS and system expansion ports, and if that's not enough a readyto plug into STANDARD 8 DRIVE portforupto FOUR
8" disk drives. sither in double density or IBM format The ultra slim 92 key, detachable keyboeard features 32 user definable keys,
numeric keypad and text editing keys, even its awn integral microprocessar which allows the main Z80A to devote ALL its time to
USER programs, eliminating"lost character” problems found on other machines The attractive, detachable 1 2" monitar combines
agrean, ant-glare etched screen, with full swivel and tik movement for maximum user comfort Supplled BRAND NEW with CPM
2.2, user manuals and full 90 day guarantee. Full data sheet and info on request

PC2000 Wordprocessor System
with CPM and TEC FP25 daisywheel
printer

NOW only £799

Join the communications revolution with our super
range of DATA MODEMS, prices and specifications
to suit ail applications and budgets .
BRAND NEW State of the art products.
DACOM DSL2123 Multi standard 300-300, 1200-75
Auto answer ot £268.00
DACOM DSL2123A0 Auto dial, smart modem with
multi standard AUTO SPEED detect, and data buffer
with flow control atc. £365.00
DACOM DSL2123GT The CREAM of the intelligent
modems, auto dial auto call, index buffer
etc. etc. 498.00
Steebeck SB1212 V22 1200 baud FULL DUPLEX,
sync or asyng, ogtional auto dial £465.00
ANSDATA 307A Acoustic coupler 300 baud full
duplex, onginate only, RS232 interface £49.00

Ex BRATISH TELECOM fuil spec, CCITT, ruggedised,
bargain offers. Soid TESTED with data. Wil work on
any MICRO or system with R$232 interface.
M&DEM 13A baud unit only 2” high fits under
ﬂmne CALL made anly £45.00

ODEM 20-1. 75-1200 baud Com
as subscriber end to PRESTEL, TELECOM GOLD,
MICRONET atc £39.95 +pp £6.50
MODEM 20-2 1200-75 baud Same as 20-1 but for
computer entd £85.00 +pp £6.50
DATEL 2412, Made by SE Labs for BT this two part
unit is for s;nchronous data links at 1200 or 2400
baud using 2780/3780 protacol ete. Many features
include 2 or 4 wire working, self test, auto answer etc,
COST OVER £800. Our pnce ONLY £189 +pp£800
DATEL 4800, RACAL MPS4800 baud modem EX
BT good working ordar, ONLY £285.00 +pp £8.00
SPECIAL OFFER
MODEM TG2393. Ex BT, up to 1200 baud full
duplex 4 wire or hatf duplex over 2 wire line. ONLY
£65.00 PER PAIR +pp£1000

For more information contact our Sajes Otfice.
>

act unit for use

CIAL BULK PU SE of these compact. high
speed matrix pnnters. Built in Japan for the Hazeltine
Corporation this unit features quality construction
giving 100cps bidirectional, full pin addressable
graphics, 6 type fonts, up to 95" single sheet of
fractor paper handling, RS232 and CENTRONICS
paralfel interface, Many other features. BRAND NEW
and BOXED. COST £420 Our price Only £199.00

RECHARGEABLE BATTERIES

| Dry Fit MAINTENANCE FREE by Sonnenschein

& Yuasa
A300 07191315 12v 3Ah NEW £13.95
A300 07191312 6v 3Ah NEW £9.95

A300 07191202 6-0-6v 1.8Ah TESTEED Ex -
)

Standard VDU data entry terminala
at giva away prices!!

OUME OVT108. Curent product, state of the art
terminal with detachabte keyboard, 12" Green screen,
2 page RAM, TV| 925 _Hazeltne, ADMSA emulations,
25 x 80, Clock Swivel and lilt base,

etc. BRAND NEW and
BOXED AT ALMOST HALF PRICE Only £425.00
AJ510 - EX RENTAL, Z80 controlied, 15" green
screen 24 x 80 display, graphics, cursor addressing,
printer port etc. Vergzgsood ceondition TESTED compiete;

with manual only € .00
ADDS 520 - Dumb terminal, used. 12" b/w_screan
RS232 interface and printer port TEST

ONLY £125.00. Carriage on terminais £10.00 :
100's of other terminals in stack, CALL for more details,

e. Trade, Bulk and Export

Y




Pick up a copy of our new 1987 catalogue from all

branches of W.H. Smith for just £1.50.

Or post this coupon now, to receive your copy by post for just
£1.50 + 40p p & p. lf you live outside the U.K. send £2.50 or
11 international Reply Coupons. | enciose £1.90.

AVAILABLE
IV ALL
W.H. SMITH
STORES
ORDER YOUR
COPY NOW!

MAPLIN ELECTRONIC SUPPLIES LTD.
Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR.
Telephone: Southend (0702) 554161

SHOPS
s BIRMINGHAM Lynton Square, Perry Bam, Tel: 021-356 7292.
» LONDON 159-161 King Street, Hammersmith, W6.
Telephone: 01-748 0926.
» MANCHESTER 8 Oxford Road, Tel: 061-236 0281.
® SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 225831.
» SOUTHEND 282-284 London Rd, Westdliff-on-Sea, Essex.
Telephone: 0702-554000
Shops closed alf day Monday.
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