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"NAAD D = YN Y PIEZO ELECTRIC TWEETERS — MOTOROLA -
OMP POWER AM PLIFIER MODULES Now enjoy a] LARGE (28p) Join the Piezo revolution, The low dynamic mass (no voice coll) of a Piezo|
world-wide reputation for quality, reliability and performance at a realistic price. four models} § A E. FOR tweeter produces an improved transient response with a lower distortion
available to suil the needs of the professional and hobby marker. ie, Industry, Leisure. ]~ yppENT I level than ordinary dynamic tweeters. As a crossover is not required these
instrumental and Hi-Fi. etc. When comparing prices, NOTE all models include Toroidal units can be added to existing speaker systems of up to 100 watts (more if 2
power supply, Integral heat sink, Glass fibre P.C.B , and Drive circuits to power compatible LIST . putin series). FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH
Vu meter. Open and short circuit proof.  Supplied ready built and tested. TWEETER. TYPE 'A' (KSN2036A) 3" round with protective wire
OMP 100 Mk Il Amp. Module 110wRM.S.  dohms. /P Sens 500mV — 10K P N <™ mesh. ideal for bookshelf and medium sized Hi-fi
Size: 360 X 115 % 72mm Price: £32.99 « £2.50 P&P, W ia & s ‘% J speakers. Price £4 90 each + 40p P&P
OMP/MF100 Mos-Fet.Very highspec. 110WR.M.S. both4 &8ohms 1. P Sens DEENG W= ~J TYPE "B’ (KEN1005A) 3" super horn. For generat
500mV ~ 10K. Size: 300 ~ 123 » 60mm. Price: £39.99 + £2 50 P&P . - purpose speakers, disco and P.A. systems etc. Price

"Xt £5.99each + 40p P&P.

* TYPE ‘'C’ (KSN6016A} 2" x 5" wide dispersion
horn. For quality Hi-fi systems and quality discos etc

Price £6.99 each 1 40p P&P.

TYPE 'D’ (KSN1025A) 2* ~ 6" wide dispersion

horn. Upper frequency response retained extending

down to mid range {2KHz). Suitable for high quality

Hi-fi systems and quality discos. Price £9.99 each

+ 40p P&P

TYPE ‘E’ (KSN1038A} 3%," horn tweeter with

attractive silver finish trim. Suitable for Hi-fi monitor

1 9 ur STER EO RACK AM Ps Professional 19" cased Mos-Fet stereo amps Lo U DS PEAKE R S systems etc. Price £5.99 each -:40p P&P

OMP/MF200 Mos-Fet. Very high spec 200wR.M.S.  4ohms | PSens 500mV |
=10K. Size: 300 X 150 = 100mm. Price: £62.99 + £3.50 P&P. i ]
OMP/MF300 Mos-Fet. Very highspec 300wRM S 4ohms I/P Sens. 500mV 7
—10K. Size: 330 ~ 147> 102mm Price: £79.99 + £4.50 P&P

VuMeter 11 LED’s. Plastic Case Size. 84 X 27 x45mm Price: £8.50 + 50pP&P

2
MF1G0 TYPE C T v

Full specifications available on request,

NOTE Mos-Fets are supplied as standard {100KHz bandwidth & Input Sensitivity 500mV) Hf required
P.A. version {(50KHz bandwidth & Input Sensitivity 775mV} Order - Standard or P.A Vu METER

with twin Yu meters, twin toroidal power supplies, LEVEL CONTROL Combines on a recessed mount-

i, XLR connections MFB00 Fan cooled. Three , Cabinet fix- §ing plate, level control and cabinet input jack socket
N o ~ g models (Ratings R.M S. into 4ohms) 4 g‘gA'"Es“;cok; 85 ~ 86 mm Price £3.99 1 40p P&P
MF200 (100 + 100)W. £169.00 Securicor dé(aiis . *

MF400 {200 + 200W. £228.85 Delivery

Loudspeakers 5" to 18". Up to 300W R
MF600 (300 + 300W. £274 .85 £10.00 speakers 5”0 18". Upto 300WR M S S.AE.for full

r lists McKenzie speakers at advantageous prices. All
POWER RANGE speakers listed 8 ohm 1mp
STEREO DISCO MIXER 8" 50 WATT R.MS. Hi-Fi/ Disco.
) 20 oz magnet. 17," ally voice-coll Ground ally fixing escutcheon Res Freq 40Hz Freq Resp. 1o
STEREO DISCO.M(XER with2 X5 bandL. & 6KHz. Sens. 92dB. PRICET 10.99Available with black grille £11 99 P&P £1.50 ea
R. graphic equalisers and twin 10 segment 12" 100 WATT R.M.S. Hi-Fi/Disco
L.E.D. Vu Meters. Many outstanding features 50 oz magnet. 2" ally voice coil. Ground ally fixing escutcheon Die-cast chassis White cone. Res.
5 Inputs with individual faders providing a Freq.
useful combination of the following:— 25Hz. Freq. Resp to 4KHz. Sens."95dB PRICE £28.60 - £3.00 P&P ea
3 Turntables (Mag), 3 Mics, 4 Line plus Mic 152 100 WA'II'TZEJ\ﬂ.S. flu-F:/F.(s;m I ——— . - o
ith . Dz magnet. dally voice coil. roun y fIxing cutcheon e- chassis ite cone. hes.
R et e BAlce gﬁfgfthé’o";rms""gﬁ{_ Freq 20Hz Freq Resp. to 2.5KHz. Sens 97d8 PRICE £3749 - £3 00 P&P ea

R % SOUNDLAB (Fuil Range Twin Cone)
put 77531,}/”3'[21*3335_%9 38?3?2,3%2:‘ 560 WATT R.M.8. Hi-Fi/Multiple Array Disco etc,

1" voice coil. Res. Freq. 63Hz Freq Resp to 20KHz. Sens. 86dB. PRICE £9.99 - £1 00 P&P ea
, i in i 6," 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.
mngga‘xlﬁizg ;rr%\:‘enn gg;;gn:ndc“:ghn%gﬁﬁs Por 1*vorce coll. Res. Freq, 56Hz Freq. Resp to 20KHz. Sens 89dB. PRICE £10.99+ £1.50 P&P ea
components complete with instructions.

8" 60'WATT R.M.5_Hi-Fi/Multiple Array Disco etc.

1'3" voice coil. Res. Freq. 38Hz. Freq Resp. to 20KHz Sens. 89dB PRICE £12.99 - £1 50 P&P ea
FM MICROTRANSMITTER {BUG) 90/105MHz with very sensitive
microphone. Range 100/300 metres. 57 X 46 X 14mm (9 volt)

McKENZIE
Price: £8.62 X 75p P&P.

12" 85 WATT R.M.S. C1285GP Lead guitar/keyboard/Disco
Py 2" ally voice coil. Ally centre dome. Res Freq. 45Hz Freq Resp to 6 5KHz. Sens. 98d8B, PRICE £24 99
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controlied AR
professional performance. Range up to 3 miles 35 X 84 X 12mm

- £3.00 P&P ea
g3 12”85 WATTR M § (31285”!'[.‘;1 P.A./Disco 2"'139Igy vorce coil. Twin cone.
3 R Res. Freq. 45Hz. Freq Resp. to 14KHz. PRICE £24. - £3.00 P&P ea
{12 voit) Price: £14.49 + 75p P&P. 3 want M oi8% 16% 150 WATT R.M.S. C15 Bass Guitar/Disco
POSTAL CHARGES PER ORDER £1.00 minimum. ransmitter g 3" ally voicecoil Die-castchassis. Res. Freq.40Hz. Freq. Resp t04KHz PRICE £49 99 + £4 00 P&P ea
* SAE for currentlists. x Official orders welcome. x All prices inciude VAT. x Sales Counter. »

UNIT 5, COMET WAY, SOUTHEND-ON-SEA.
Bl Kn ELEGTRONIGS : ESSEX 882 6TR TEL  0702-527572

' MICROBOX Il HE 6809 sINGLE BOARD COMPUTER THAT YOU BUILD YOURSELF

VIDEO  KEYBOARD PRINTER SERIAL PORT SERIAL PORT
OUTPUTS PORT O] S——" (i -

POWERFUL 68BOYE 8/16 BIT
MICROPROCESSOR

SYSTEM EXPANSION BUS

BATTERY BACKED REAL-TIME
CLOCK/CALENDAR SYSTEM SUPPORT MONITOR
(BKBYTES) containing:
DISC AND INPUT/OUTPUT DRIVERS
GRAPHIC PRIMATIVES
TERMINAL EMULATOR
;268, 4K§,§TCE S SHARED MEMORY e e (& : : : UTILITY AND DIAGNOSTICS
HIGH SPEED SILICON DISC ‘S S ' i FLESBQOTAND CONFIGURE
ACTS LIKE A STANDARD IR TSER MM EEY
“FLEX’ DISC
ALPHANUMERIC DISPLAY B FLOPPY DISC INTERFACE
108 x 24 CHARACTER IR _— SUPPORTS SINGLE OR DUAL,
AORMAN. i~ 40/80 TRACK, SINGLE OR
USER DEFINABLE DOUBLE DENSITY DISC DRIVES
CHARACTERS.
STANDARD VDU :
CONTROL FUNCTIONS ' -

EPROM DISC (AND PROGRAMMER)

HIGH SPEED READ ONLY SILICON DiSC
LY ACTS LIKE A STANDARD ‘FLEX’ DISC
] PROVIDES 'INSTANT’ SOFTWARE

EXTREMELY FAST, VERY HIGH RESOLUTION GRAPHICS
768 x 576 MONOCHROME DISPLAY
HARDWARE VECTOR GENERATION BY ADVANCED NEC7220

DEVICE. LINE, POINT, ARC, PATTERN, TEXT, AREA FILL ETC, BARE PCB,S AND DOCUMENTATION
*NOTE: MICROBOX Il WILL BOOT ‘FLEX’ FROM + SYSTEM SUPPORT MONITOR
ANY STANDARD SYSTEM DISC. + SYSTEM UTILITIES DISC — £95.00
Micro Conc xp[g Ex VAT FLEX + EDITOR + ASSEMBLER £75.00

8 KILLICORNE MEWS - QUEENS ROAD - CHELTENHAM - GLOUCESTERSHIRE GL50 2NJ
Telephone: Cheltenham (0242) 510525
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TRANSISTORS BFX81 45 | 0C7576 55 |2Tx501.2 15 | 2Na286 25 [au3r1e 90
BF x84 35 | 0OB1/B2 50 [ ZTX503 18 | 2N4289 25 [4041E a5

WA I F R E LE I AC126/7 35 BCs47/e 12 | BFXBS/6 35 | OCBI/Ba 70 | 2Txs04 25 | 2n4314 78 100
AC1a172 35 plsagC 15 | BFYS50/5% 30 | OC170:71 75 | 2Tx531 125 | 2nados 25 ;70

: ACI76 35 BCsse,? 15 | BFYS2 30 | OC70 40 | 2Tx850 25 | 2néd27 80 90

i AC187 35 , BCsse/s 15 | BFYS3  35|j 0C200 75 [-2N697 23 [2n4B71 55 120

250 nghMSI\t:eeCt; vleATFORD, WD1 2AN, HERTS. AC188 35 | BCY3ssao @5 | BFY55/56 56 | TIP29A 32 | 2N69B 40 | 2N5135:6 30 |40360 - 60

ACY19/21 75 | BCYatsa2 30 | BFY64 40 | TIP29C 38 | 2N699 48 |'2n5138 25 40361 ¢ 70

L ORDER & RETAIL SHOP aCv22/61 75 | BCvas  so | BFYBT 120 [ TP30A 35 2N7084 25 | 2NBi72 25 [40a07 k75

Tel: (0923) 37774 Tix. 8956095 WATFRD 120 | BCvsesse 36 | BEYaO 80 | Tip3oc 37 | 2n708 25 | anss7o 45 |404r1 285

7¢ | BCy70/71 18 | BRY39 50 | ParA 38 | 2ngr 40 | 2NG1BC 45 404z 80

42 | BCY?2 25 | BSx20 30 | TIP31B8 39 | 2N1133 2 40 | 2N5190.t 75 [40467A 130
Ali Devices Brand NEW & Fully guaranteed. Send Cheques, P.Os. & Bank 428 [BCy78  §30, [|BSX26.IoRes |PTIRANG 88 Hiatn02 Tuasi| PNsnaay 8O- [a095aT KBS
: . 80 [BD114 .190 | BSY26 35 | TIP32A 43 | 2N1307 . 70 | 2N5305/& 30 40534 105
Draft or ACCESS/Master Charge & VISA card number with order. 80 lepi21 g5 | BSves 35 | TIP3aC 45 | ZNIG71B160 | aNsas7s 0 |40603 110
A A ’ AF124/26 10 8D124 1185 U105 180 | TIP33A 70 2N216C 325 2N5459
Government & Educational Establishments’ OFFICIAL orders accepted. |ari30 40 |Botaisaz 62 | BU205 180 | TIPG3C 75 | 2N2219a 28 | 2NS4B5 36
P&P add £1 to all Cash orders. Overseas orders, postage chrged atcost AIR Ams  [zetifeonadl™ 70 BUoos Dooibriroed o5 |2uzzzon 25| fenorte | 40
135 5
/SURFACE. PRICES SUBJECT TO CHANGE WITHOUT NOTICE AND |arz3s 55 |80136/37 40 | BUYESC 225 | TIP35a 120 | 2N22224 25 | 2N6027 32
BC107 12 | 8D138:30 40 | MDBOO! 250 | TIP35C 130 | 2N2368 25 | 25671 250
AVAILABLE ON REQUEST. 14 |8p1a0 46 | 402955 90 | TIP36A 130 | 2M2369A 18 | 25A715 75
VATExpon‘orders NO VAT. UK customers please add 15% VAT to the total order cost incl. 1e | BDiyes 10 | MiEea0 150 | Tipata 'S0 | snaees - a6 | 35case 68
! | p&p. We stock thousands more items, It pays to visit us. Nearest Underground/British 14 | BD20%/6 110 | MJE340 54 | TIPA18 62 | 2N2904s5 28 | 25C1061 250 :gag gg
Rail station: Wattord High Street. FREE Car Parking for Customers. Open: Monday to Saturday: |BC109 12 | 8D245 65 | MUE370 100 | TIP42A 55 | 2N2z906,7 28 | 25C1096 85 ncal  fas
9.00am to 6.00pm BC1038 14 |BD378 70 | MIE37) 100 [ TiPazB 58 | 2n29074 28 | 25C1162 45 | 1C42 28
B : 8C109C 14 |gpasa 70 | MJES20 85 | TIP120 70 | 2N2926G 10 | 28C1173 125
- 70
. 7 83V 8C114/5 30 |gpsi7 75 | MJES21 96 | TIP121 2 73 | 2N3053 25 | 25C1306 100 | HE74
ELECTROLYTIC CAPACITORS: Values in uFI500v. 10u(52;47 78p:63V.0.47 10,1 5.2.2.33.478p1010p. | 381148 30 | B0o17 70§ WES2) 38 | TR121 2 78 | 2N3058 23| 2967306 190 | ,ices 60
15,22 12p. 33 15p, 47 12p. 68 20p. 100 19p: 220 26p: 1000 70p: 2200 99p; S0V: 68 20p. 100 17p; 220 24p, i HC107 70
2 8C137/9 60 {BD695A 150 | MJE30S5 70 | TIP1a7 120 | 2N3055 50 | 25C1449 95
40V 229p.3312p 330 470 32p, 1000 48p. 2200 90p. 25V:16.4.7.10.22.47 Bp. 100 11p: 15012p:220 35 | 58120 38 | BDegaA {a9 | MPF102 40 | TIP2855 70 | 2n3252 46 | 25C1678 140 |HCI108 75
33022p. 470 25p. 680. 1000 34p. 150042p: 2200 50p: 3300 76p: 4700 92p: 16V:47.68.1009p: 12512p:330 | B8C1a2/3 38 | gF115 45 | MPF103 30 | TIP30s5 70 | 2N3441/2140 | 25C1679 180 | HC!39 120
16p. 470 20p. 680 34p. 1000 27p. 1500 31p. 2200 26p. 4700 72p 8C147 ~ 12 |BFisa/ig 30 | MPF102 30 | TIS43 50 | 2N3614/5180 | 25C1923 85 |HC193 39
BCi47B 15 | @F167 35 | MPF105 30 | TIS44:5 45 | 2M3663 20 | 25C194s 225 |HC160 3
TAG-END CAPACITORS: 64V: 2200 120p: 3300 145p; 4700 245p; 50V: 2200 95p: 3300 155p; 40V: 4700 | 6C148 12 |@Fi7a - 35 | MPF106 40 | TisBaa 50 | 2na7ozs3 10 | 25C1963 B8O :g;g; ]gg
180p; 25V: 2200 70p. 3300 85p; 4000. 4700 75p: 10.000 250p; 15.000 270p; 16V: 22.000 200p. BC1488 15 [BFi77 35 | MPSAOS 30 [ TIS90/91 30 | 2N3704/5 10 | 25C1967 8o [NE183 133
BC146 12 {gF178 35 | MPSAGE 30 [ UC73s 99 | aN3706/7 10 | 25C1963 180
POLYESTER CAPACITORS: Axial Lesd Type BC148C 15 |BF179 407} 'MPSA12 32 | vK10t1Q0 99 | 2N3708.9 10 | 2§C2028 85 :5:7: :28
400V: 1nF. 105, 2n2. 3n3. 4n7, 6n8 11p; 10n, 15n, 18n, 22n 12p; 33n. 47n SIEMENS pcb BC182L 10 BF1s1s ag | MPSASS 30 [ UN1OKM 70 | 2N3713 140 | 25C2029 200 | RE174 120
6871 16p: 150n 20p: 220n 30p; 330n 42; 47011 52p; 6BON 1uF 68p: 2u2 82p. TipelMinG e BCISSL 10 1BR1gass " 12 | MERASE 20 | Unacar (0% | 2narT) 112 2502078170 | hicoag 195
i " 4 - A X poty Capacitors 184 BF198/9 18 7 1 &
1000V: 1nF 17p; 10nF 30p: 15n 40p: 22n 36p; 33n 42p: 47n. 100N 42p. BCi8eL 10 |@F200 80 [ MPSUQ2 58 | VNBBAF 120 | 2N3773 210 | 25C231¢ 86 | G249 195
POLYESTER RADIAL LEAD CAPACITORS: 250V FEEDTHROUGH 250V BCl8S/7 28 |Bragen 4o | MPSUOS B0 | VNBOAF 120 | 2n3815 35 | 2SC2ise 105 | NERL 192
10n.15n.22n.27n6p; 330,470,680, 100n8p; 150n.220n |  CAPACITORS e sz o 1o Brocit 20 | Mbauss es | ZTeioa® 12 | AN3E20 L Go | 25C2335200 | hciaa o5
10p: 330n. 470n 15p; 680N 19p: 1u5 40p: 2u2 48p. 10COpF/450V 108 [Yom 150 7p Egg‘ﬂ 12 | BFa5eA 45 | MPSUS5 80 | ZTx212 28 | an3866 90 | 55Can1s 200 :gg;g 198
; 18n, 220 270 213 10 | BF256B 50 | MPSUS6 60 | 2Tx300 13 | 2N3903:4 18 | 25D234 74
TANTALUM BEAD CAPACITORS . POTENTIOMETERS: Carbon Track. 33n39n47n Bp ‘| BC213L 12 |Bresris a2 | OC26 170 | £1%302 16 | 2N390.6 15 | sSkas 80 :gg;i 225
35V: 0.1uF, 0.22. 0.33 15p 0.47. 068 Rotary 0.25W Log & LIN Values, 39n,56n  12p 8C214 10 | BF259 40 | OC28 220 | ZTx303 25 [.2N39op 47 | 2Skess 225 | Zaf 222
10 1.516p: 2.2.3.318p, 4.7. 6.8 22p 470R, 1K & 2K (Linear cnly) 82n. 100n  11p 8C214L 12 | BfF275 55 | OC3% 50 | 2Tx3n4 17 | 2N4037 80 [.o5u84 225 HC640 §4°
10 28p: 16V: 22 33 16p: 4.7. 68 10 Single Gang asp 8C237/8 15 |8F336/7 35 | OCa6sar 75 | 27x326 30 [ 2Naoss 15 [2Bies 228 {[1Ce50 230
18p; 15, 36p; 22 4Sp, 33,47 50p; 100 5K — 2M Single Gang Log & Lin  35p ]gg" 550 470 Sg-s-g§s ?g BF3g4 40 | OCa2/75 75 Sl S fg 2N4061 2 15 | 3N1ee 115 i
95p: 10V: 15,22.26p;:33.4750p; 100 | 5K—2M Single Gang DP Swiicn  85p | (800 1200 19P | SES0AE 12 HBEES. 48 | OCTIT2 50} ZTHO00 2hiazea' 30| Tshinan, His
80p: 8V: 100.55p. 5K —2M  Double Gang 99p | 220n 270n 15p 8C318 80 |BF594s5 30 -
330n. 3900 209 BC327 15 {BFRag/a0 30 | F CHOKES Miniature PCB type
MYLAR FILM CAPACITORS SLIDER POTENTIOMETERS 470m 5800 26p BC337/8 15 [BFR4Y/79 25 | 1UH.2u2 4U7. 10UF. 22u. 33u, 47u. 100u. 220u, 330u 470U - 35p
100V: 1nF.2.4.4nF 10 8p; 15nF, 22n 0.25W log and linear values 60mm 880n 30p BC44161 34 |8FRBO/81 25 | !MH.1m5. 2m2, 4m7, 10mH - 40p
30n. 40n. 47n 7p: 56n. 100n 200n 9p; 5K — 500K singie gang 80p { 'uF 34p 2u2 S0p BCAT7 40 | BFRag 105 [ 22mH, 33mH. 43mH, 47mH . . 60p
50V: 470nF 12p. Graduated Bezels for above 45p 8C516/7 40 |BFx2s 35 | 100mH.220mH - 75p
CERAMIC CAPACITORS 50V: PRESET POTENTIOMETERS ACCESS 3043 275 | Ms1515L 430 |'TDA2003 150 | 7472 S0 | 74287 8O
Range: 0.5pF 16 10nF ap 0.1W Miniature Vertical or VISA GA305 385 | Msi1516L 475 | TOAz004 230 | 7473 50 | 74237 175 LS193 80
15nF, 22nF 33nF: 47nF 5p Herizental, 100R to 4M7 8p gusyjphonsiyour CA3045 65 | MBI7i2 200 | TDAZ006 320 | 7474 45 | 74298 160 tsisa 75
100nF/20V 7p 100nF/20V 7p 0.25W Larger 100R to 3M3 Horz  12p 3&“‘*;5":“;"”9“ CA05e 25 | MB3TSe 440 | TDA2020 g0 [ 737 22 | 7435 158 ts:ge i
0.25WLarger200R 10aM7 vertical 128 | o7 sova wooan CA3075 215 | MC1204 250 [TDA030 190 | 7486 60 74386 70 25 [Ls197 85
POLYSTYRENE CAPACITORS - g CA3080E 65 | MC1301 S0 | TDBO7S1 420 | 7481 175 o435, 70 25 [ LS221 85
10pF to 1nF 8p; 1.5nF to 12nF 10p. CA3081 180 | MC1aloP 110 [ TL170 50 | 7482 100 |79380 78 25 | (3240 80
85150 00 | Mcasie  sas | CA0SS 160 | MCidsios 695 | TLASTA 185 | 7483 100 |iin7e 450 23 | 1547 o
SILVER MICA (Values in pF) e e nggse oM =y | cnsose 80 | MCiass s0 | TLso7 110 ;:gg }g)g 74390 100 25 |Lls242 95
2.33 47.68.82 10, 12,15, 18, e 100 | mneonon eee | CA0S0 250 | MCias 35 | TL509 1o {728 198 172393 100 25 | (5243 95
22, 27, 33, 39, 47, 50, 56, 68, 75, B2, 8158 400 | mvsans  eas | CAOIZIE 165 | MCTiES 300 | TLOSICP 4D 1p4ga 200 sl 160 & 32ae e
L082CP o 7441 1 2
85. 100. 120, 150, 180pF  15p each : BTLS95 175 MM5307 1275 gﬁg: 38 ﬁ mg}:g‘; 223 $L824€N gg ;331 70 e 25 | L8247 105
200, 220. 250, 270, 300, 330, 360, eTises w5 | wmsaera  ees | SATED o5 | mCiass. 70 | TLoicP a0 | 7492 110 25 | L5248 105
390, 470. BOO. 800, 820 21p each g:l‘)iL ;gg ATLS97 175 MMs8174 875 | oo 180 | MC1596 225 | TLO72CP 60 | 7493 50 25 tggg? 132
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2516 300 | 8205 225 | RO-3-2513U 650 TL082CP 7 7 i
R URERMMERCIC spat 1o %532 300 | a2in 220 | Swromn aps | CARMCE 135 | MCMOT 50 50 | 7497 200 {74C373180 a5 [(S257 75
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OA79 10 | 10A/200V 215 |75188/9 100 §§§§ :“ 25457:313 ?g: LINEAR ICs LM24A 45 | SN76018 ?88 233 170 28 LS378 95
0AB1 10 | 10a/600v 298 | 75322 140 : LM3347 s | sn7e131 400 | 514 o | (5379 130
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VERO WIRING PEN
+ Spoot gp
Spare spool 75p N
3 DIP SWITCHES VEROBOARD 0.1" =z Comos 8p IDC CONNECTORS ;E‘#E?s RELAYS
SWITCHE P P e .
TOSGLE 24 250v 'SPST| 4 way 85p; € way BOp; & way 85p; 2’2 x 3% 95p zzr:“;s pos 589p PCB Pluge Female Female FSD Minidture, enclosed, PCB mount.
SPST35p DPDP48p 10 way 125p (SPDT) 4 way 190p i x 110p with  latch Header Card 80 x 46 x 35mm
SUB-MIN TOGGLE W, % 3% 110p Pins  Pins Plug Edge 0-50uA SINGLE POLE Changeover
SPSTon ot 58p T x5 125p PROTO DECa_ Stt  Angle Conct | o-100uA RL-91 205R Coil; 12V DC, (10VS 1o
SPDT c ovar  84p ROTAPY SWITCHES 3«17 420p | verobiock 0-500uA * 195\ 10Aat20VDCor250VAC 198p
PDT centre ol 85 (Adjustable Stop type) Y 580) 5-Dec sﬁop ° 90p 99p 85p 120p 0-1mA
SED1 ceneralBSn) apoieizio 4% w17 P 10 way p—
SPOT miases botn y{ooierz tojlzway: 2ipole/2iio 6wy Jpa va Board 195p | Eurobreadboard  890p | j16way  130p 150p 110p — 0-5maA DOUBLE POLE Changeover,
s 1 4 way: 4 pole/2 to 3 way imboard 575p 145p 188p 125p 195p 0-10mA DC or 250V AC
nays 08p Y- DIP Boara 385p | Bimdy 20 way P
CPDT & :ags  80p Vero Strip 95p | Superstip 882 1350p 26 way  175p 2032» :ﬁp ::g: g-?ggﬂA RL-113 5a§)gg| cav!D‘cz(evg C!o(?\ég; l:)ov
oPCY 4 i 88 p— e o g 200p 238p L] r my RLS-111 o,
A BBl [RoTARY Mardo sz Amp on/off 88p ["VERG PINS per 100 oy 2205 3805 1800 400 | o500ma ove) oc v 1985
#ays Single Ended 55p Vero Toois 50 way 235p 270p 200p P 0-1A RLB-114 740R Coil, 24V o |
OPC” 3 positions Double Endad €0p | spot face cutters  150p 60 way - ~  230p 495p 0-2A 37V 200p
27 or o 185p ROTARY: (Make-a-switch) Wire Wrape S/E - 188p | pin nsertion tool  185p 0-25v
4-pu.e Z way 220p Make a mulnway switch. Shafting assembly Wire Wrape D/E  255p 60V
nas 1op i : 0-300V 485p each
SLIDE 2s0%, 6 waters (max. 6 pole/12 way + DP s Y FERRIC CHLORIDE DALO ETCH EURO CONNECTORS ASTEC UHF MODULATORS
SOnp Mechensmony | Eapcatcious L 100) o Femate Socksl Male  Piug Standard 6MHz 378p
JPCT 1A ¢ oft 1 5p 125p + 50p p&p Plus spare 1p P Gold Flashe o IR Wideband BMtiz 4s0p
DPDT 1A 13p . Gomacty O Y CRYSTALS
WAFERS: {make before break) to fit the above COPPER CLAD BOARDS DING1617
PUSHBUTTON 8A switch mechanism 1 pole/12 way. 2 poie/8 31 way 1285p — - 178p P aaki (100 UZZERS
Z.n 10mm Button yay.3ipole/d way. 4 polesdway; 8p/2Way °5° Fibre  Single- Double DING1 612 100KHz 400 B!
$POT fatching 150p Mains DP 4A Switch 1o 1t %S sides  sided 2 x32A+8 200p - 175p220p 200KH: 370 ) ooV 2 12 .
DOPDT latching 200p Spacers 4p. Screen 8p. 6 x 6" 1000 1250 DIN&1612 A55KH 370 mwam?ﬁ;::}gﬁﬂac(;ns '952720 m:
&0l momenizeop g 4%2" rski leasp ks —onl [ 15562300 :Z‘:B‘M a0 UETRABONIG TrANSDUGERE 40KHzZ 475pr
Mini Non Locking ROCKER SWITCHES i EEGE__ AYETE° % seopasopzespscop | J0EM 218
Push to Make 15p ROCKER: 5»\/250VVS;'EBY gg: CONNECTO! 1 EMHz 200
: 5
R e a8y O oo 95p DIL SOCKETS a7 ase | DI PLUG (Headar) 18MHEy §5a8 LOUDSPEAKERS
DIGITAST Switch ROCKER: 10A/250V DPST with neon 85p Low Wire | 246 way — %5p Soider IDC 7 2 oMbz 225 | Minature, 0.3W- 8
Assorted Colours ot Woo | 22wy — 1800 | 14pin 40p 956 | mipBON CABLE 24576M 200 | 2in 3Win, 2%in, 3in 80p
75p each Bpin 8P 25P | 215wy — 185 | 16 pn 45p 100p price perfoot | SN 340 | 2%in 400 64n0r 00 80p
THUMBWHEEL Mini front mounting switches 14 pin  10p 35p 2x18 way 175p 180p 24 pin  85p 135p Grey Color o 150 | & xa 80 200p
Decade Switch Module 275p 16 pin  10p 42p | 2.22 way 200p 170p 28 pin 150p 200p | 45 44y 15p 28p J H 7" x 5" 80 225p
D, Swhen Modole 298p 18pin  18p 52p | 2«23way 150p ~ 40Pin 200p 255D | 16 way 25p 40p g-g?:m :u’)g 8 x 5" 80 250p
Mc;m!ing Cheeks (per pair) 75p 20 pin  20p 80p 2x25 way 250p 24Sp 20 way 30p 50p 4-0M6Hz 300
Sibm sab Top | i teon - ZIFTEXTOOL | 24%av 40P 850 | ,opomk; 200
Ribpon Cable Assembly) 4 pin P 70P | 2x30 way 280p ~ 1 28 way 55p 80p
L:r?gmpsn LEA?? ém‘ 6 bin 24 pin 40 pin 28 pin ggp xp 208 uly Joo06 = DI SOCKETS | 34 2% eo0 35, j:;g;g?gﬂM f% MONITORS
GAS/SMOKE Single ended DIP (Header Plug) Jumper Solein PR ZOF) e e doos = 55 s75p gg way 170%9 20p 460BMHZ 200
DETECTORS | ,4 inghes 145p 185p 240p 380p i S 23 g Sosp | &9 vy 190e 132p 48oMix ?28 ® PENTT-=FodE e en T
Double ended DIP {Header Plug) Jumper - 3 40 pin 845p X z | 6
TGSR1Z or Rafrenes 98p 215p 3;29 gggp SIL SOCKET 01" Pich 20 way 85p P g;gggm: 300 ResolunonEl-;m;:;u‘i:r1 " : 3
TGS813 24 inches 210p 235p 345p b ; R CRoTT  Standar
£6 each 36 inches 290p 370p 480p 525p ANTEX SOLDERING IRONS o coyNEgTogg soMhz 140 Res, Golour RGB. it
Holders for 1DC Female Header Socket Jumpar L[eﬂds 36 c1sw 525p; C517W 545p wor) Muay® ovey ey 65536MHz 228 14" incl cable £195
above 40 20pin 26 pin 34 pin 40 pin c1aw 550p; XS25W 570p 7.0MH2 150
o r Single ended  180p 200p 260p 3008 Spare Bits 85p; Elements  230p s 15t laon, i Tz 152 | @ MICROVITEC 1451, 147
Double ended 280p 370p 480p 25p ron Stand 175p; HeatShunt 30p Angle ping 110p 175p zggp :ggp 77328MbHz 250 Medium resolution £237
- - 00p 100p 1 P 7.68M 200 .
POLTAGEIREGULATONS osi for makna SIL | Fema” oP 0op feoe GomNx. 130 | ® KAGA 12 Medres AGB
RANSFORMERS i el gDl Sockels [ Solderlugs 900 125% 1800 273p | 508833aM 385 | Colour. Has ficker free charac-
-o-eJ ;gsv» 12:0-12V, 16-0-15V & sV 7805 4sp 7905 50p 100 pins 5p Angle pins  150p 2°gv 3:‘5"’ 3559 88672aM 175 ters. ideal for BBC, Apple, VIC,
Tooms T ) 130p 12v 7812 45p 7908 50p 500 pins 195p | PCBpins  100p 125p 195p 355p ?Ogm:z 200 j. - £225 (car £7)
C8 mauntng. Mnature Soit sostn VI G Covers 75p Top 70p &SP 024Nz 200 | @ KAGA 12", As above but
VA 2x6V/025A 2xGV/0 15A, 2x12V/012A, 3 s asel A X S0 e
18  50p ‘o " 50 Hi-Resolution
2x15V/0.2A 235p 24v 1823, 145p) 79 1DC 25 way 'U’ Plug 385p; Socket 450p 107MHz 150 !
BVA: 2xBV,054  2x9V/03A  2x12V/025A; 7924 50p ALUTVBOXE:S 120MHz 150 | @ Connecting Lead for KAGA
2x15V/0.2A 280p WOOmA TO92 Plastic package 3 x g‘; o 100: 12 528M 300 €5
nt ToLOSISp 78105 4sh AR ‘D’ CONNECTOR (RS232) 14.31814M 170
Standard Spht Bobbin type e x2nnow 103D 25 way )
QVA: | 2XBV/DSA. 2x9V/04A. 2x12V/03A v s 2 z 4xdx2 105p Jumper Lead Cable Assembly 180MHz 155 | Carriage £7 Securicor
2x15V/0.254 250p 6. 78L0B 30p - 3 4x4x2%"  120p | 18" long, Single end. Male a75p 160MHz 200
12VA: 2x45V/1A3; 2x5V-1A' 2x0V/G6A, 21127 I U Sxaxin®  99p | 15" lony Single end. Female 510p | 180MHz 150
0.5A: 2x15V-0.44. 2x20V/0 3A 345p {35p pap) 18V 78L15 S0p 79115  asp Sx4x2w 1209 36" long, Double Ended, M/M 995p 18432M 150
24VA; 2x6V/1.54. 2.QV/ 1 24 2x12V/ 1A 2x15V/ L7660 248p TAASSL Sx2nx 1%’ 90p | 36" long Doubls Ended, F/F £10 | 19968MHz 150
0.8A: 2x20%/0.6A 385p (60p pép) o 375p TDAIA 5x2%x 2% 130p | 36" long, Double Ended, M/F 995p | 200MHz 150 ECIAL OFFER
SOVA: 2x5V/4A, 2x3V'2.5A 2x12V/2A, 2X15V/1.SA; o 600 ST en s loon 24.0MHZ 150
2x20V11 24 2x25V/ 1A 2x30V/0.EA 520MB0p pAp) . UE 24930MHz 325
LM309K 135p  7BHOBXBV/5Y....550p 6x4x3 0p ARHENOUEIUGE CaEaoNis 328
S0VA. Outputs +5V.5A +|2:.2J2‘56\l/). ;2;/) LM317% 250p 7BH12x12v/5A..695p 7x5x3" ;?gn oS I0ER A S = m
—12vatiA P (60p 0, HG*5V 1o x 25V 8x6x3" P ¢
100VA. Za12vien2r1SVISA. DO oA migf’ ::o: e 10x4x3"  240p | 24 way IEEE plugs 465p  460p 27.145M 180 | 2764.250n8 e :1'255:
A V/1A  955p (75p) =~ 3 275 24 way IEEE skt 485p 480p 38.6667M 240 27128-250nS p
s e o as? 1= 79HG 22510 “; a ; !g 2ao= 36 way Centronics piug 375p  390p 48.0MHz 240 | 5116LP-120nS 200p  195p
d nd above our nor- 4 e T 12x5x3"
zg;:;:geﬂ:;?:eadde e ’ 52“3755 e 22305: i 2 12x8x3° 295p 36 way Centronics skt 480p 450p 1000MHz 295 | gopALP-150nS 580p  550p
o R BIE B e TURNEDPIN | BT TELEPHONE | SPECTRUM 32K UPGRADE
20 X
pris 20 | 4077 251 4548 ©! ELECTRONICS Low Profile .
4002 20 | 4078 25 | 4549 3% Professional r 16K Spectrum®o full 48K with our
0 | 4081 20 | 4553 210 DIL SOCKETS Upgrade you P! ¥ :
007 70 | 082 [ A -~ LEDs with clips 8 pin 25p RAM Upgrade Kit. Very simple to fit. Fitting
4008 60 | 4085 )58 20 | ligcos. e 14 pin 40p LJU 1/4A Minf Line Master 430p instructions supplied.
4009 40 | 4086 60 | 4556 s0| TIL N 16 pin 42p LJU 1/6A M Line Slave 235p £20
4010 40 | 4088 LR 250 | LONepel = I gg: LiU 2722 Line Master 370p
25 | 4558 120 pin
o o 70 | 4559 0| 2" Green Yelowor | 23 bin 700 | Luzea Lre Siave e
0| Amber 1 24 pin p 5
4013 30 | 4095 o g to4] 028 col 28 pin 90p LJU 3/8A Flush Stave 240p
4014 50 | 4056 o0 322; ;;'3 Red/Groen 100p 40 Sm 120p LJU 10/3A Dual Spitter 550p
4016 do | 4097 0 Green/Yellow  115p 4 WAY BT Plug 85p
016 25 | 4098 298] 14555 2o 62 Tr cotour
0| O
4017 a5 | 4099 P IREET 290 Rec/Green/Yelow 85
4160 95 | 4569 175 | Re Co u CO OC ss G
o wmleeowidm G g MPUTER CORNER WORDPROCESSIN
- 50 | 4162 96 | 4580 o S
4021 55 1 4163 96 | 4581 1251 Flashing red ® EPSON RX80 F/T Printer ..£219 pAC KAG E
4022 €0 {4174 ) e | 027 red 55 ® EPSON FX80 Printer ... - ::;g -
7 ; 5 LEDs. Red S L . H
3823 gg 4194 105 | 4584 40 Ge::r’»eVelloi 10 ® ERSON X100 anerp £239 A complete wordprocessing package {which can be
4025 20 | 4408 850 | 4585 85| Rectangle Stackable ® KAGA/TAXAN KPB1D Printer : caze heavily modified to your requirements, maintaining large
4026 90 | 4409 850 | 4597 330 ® KAGA/TAXANKPSI1DPrinter.............. . B A ..2329 discount). We supply everything you need lo get a BBG
4027 30 { 4410 225 || N220 185 | Red. Green or Yeliow 18 ® BROTHERHR15 Daisywheel... i i ) Micro running as a word-processor. Please call in for a
750 | 40085 %0
28§S ﬁ :;; agg 40037 45 Lr;ngulav LEDs Cable for above printers to interface with BBC Micro .. £7 céir:r%r;:a;:’cnkgge-
4030 20 | 4415 59 | 40098 2| Gieenoryuiow 32 ® TEX EPROM ERASER — Erases up to 25 Eproms Hasa buitin BBC Micro, with DFS Intertace, Wordwise, Twin 400K TEC
126 [ 4419 280 } 40100 215 D271 Infra Red 48 £30 E |1 R
o 65 | 4422 770 | 40101 1301 SFH205 Delector 118 satety switch. . H Disc Drives, 12" High res green monitor, Brother HR15
35% 130 | 4435 850 | 40102 140 | TiL32 Infra Res 52 ® SPARE'UVLampBuUb . . ... . ... ... . B Daisywheel printer, Beebcalc & Database software om
4034 145 | 4440 900 | 40103 4121 TIL78 Detector 55 ® C12 Computer CASSETTES in Library Cases. .. ......35p Disc, 103M Discs. 500 sheets of paper. 4way mainstrailing
4035 70 | 4450 360 | 40104 120 TIL38 50 ® 8'7&9%" Fan Fold paper (1000 sheets) .. £7 (Carr. 150p) socket. manuals and ail cables
4036 250 | 4451 350 | 40105 220 | TiL100 Only: £999 }
4490 450 | 40108 40 BARGRAPH Red 10 18 €7 :
:ggg ‘_”: 4500 395 | 40107 $5 | segments 275 {Securicor Carrlage charge on printers s £7) n y
4501 40 | 40108 325
PSRRI e 50 | 40109 100 ISOLATORS CALLINATOURSHOPFORADEMONSTRATIONONANYOFJHFZ:B&\JIE
4041 55 [ 4503 45 | 40110 23sf] LTS, 145 ITEMS. BE SATISFIED BEFORE YOU BUY OR WRITE |
4042 45 | 4504 B 200 e i DESCRIPTIVE MICRO PERIPHERALS LEAFLET.
Geo Gl o C MICROCOMPU
i So|me ol 7l T 7o BBC MICR PUTER
2oRm gle w el 51,” DISC DRIVES & ACCESSORIE
aio CCESSO
s e e RO (s 78| 4N33 Photo 4 ;
e @Ey mbm ) e o for the BBC Micro
4049 25 | 9512 e 2| 7 segment Dispiays BBC Mode! B Only £289
4050 2 | 4513 150 | 40192 75| 7 Segment D )
4051 50 | 4514 s L des 1 nas 130 ]
4052 50 | 4510 e s 75| TWazi 5 ca 140 (e aselompellodlcasen i We stock the full range of BBC Micro peripherals.
. 60 Il o > 14 196 ] TIL322.5°CC 140 HowerISypplyend Ltitos|Dic) Hardware & Software like, Disc Drives (Top quality
4054 70 | 4517 215y| 402 TIL729/730 ™0
4055 70 | 4518 S0l raaes oo | olrosace  azs * €520 - Epson Single 200K, 40 track Double sided 2 oo Cumana & Mitsubishi), Diskettes, Printers, printer,
5 | 4519 35 7 DL707 3" CA 125 r T s, ctte
:8?75 1030 4520 50 | 40373 220 Frhngsvaﬁeu 120 » CS400S - Mitsubish Smgle 400K, 80T, Doutle sided Paper, Interface Cable, Dust Cover Cass 5
4059 400 | 4521 juzoy ranaza) 220 | e\pson 130 40 track swichabe.. L8135 Recorder & Cassettes, Monitors Connectors (Ready
2950 70] [| 222 12 (R 0| 3iGreenca 350 - T made Cables, Plugs & Sockets), Plotter (Graphic
> 8" Green CA 215 T3
pre o06 | 4527 60 ey 5 %1RedCA 150 . Tablet) EPROM Programmer, Lightpen Kit, Joysticks,
4063 B0 | 4528 | omms | 3zrcmenca 150 26259 Sideways ROM Board, EPROM Eraser,
4066 25 | 4529 LCD 3% Digits 496 . TWIN Disc drive cave with Power supply
e 230 | 4530 90 | CRPot %] LCoeDgrs 625 and Cables to house ones own drives. Machinecode ROM. The highly sophisticated
4068 20 | 4581 120 3;;525 §g Retlective Swilch 225 = All Sigle Drives with Power suaply ars supphed 1 & iwin Gase for ater Watford's 16K BEEB DFS, WORDWISE, BEEB-
65 | BPW21 )
o = b 365 | TiL139 28| B e melusion ol a second i Cariege on i £7) CALC. Software (Educational Application & Games).
4071 20 [ 4536 250 Comp's 295 * DISC INTERFACE KIT complete... BOOKS, etc. etc. Please send SAE for our descriptive
4072 20 | 4538 70 * DFS Manul (comprehensive) (NO VAT) .. leatlet. J
|| 20 | 4539 80




=Rapid 4
=Electronics

SOLDERING IRONS’

Antex CS 17W Soldering iron 430
2.3 and 4.7mm bits to suit . 85
Antex XS 25W soldering iron !
3.3 and 4.7mm bits to suit 85
Solder pump desoldering tool 480
Spare nozzle forabove . . 70
10 metres 22 swq solder
0.5kg 22 swg solder

way 15 way 25 way 37 way
Plugs solder lugs 55p 66p 90 150p
Right angle 90p 135p
Sockets solderlugs 80p 100p
Right angle ‘IZOp 150p
Covers

DIN Plug Skt Jack  Plug Skt

25+

2pin 9o 9p 2.5mm 10p 10p
3pin 12p 10p 3.5mm 9p 9p
Spin 13p 11p Standard16p ZOp

VERO

"

10+

Phono 10p 12p Stereo 24p 25p § ~ Verobloc 395
LT{? (ééf closn;;e-zmg 18p 17p = Veroboard Size 0.1 in matrix
PL259 Plug 40p. Reducer 14p. ,:"" ...... * gg :; 75' = sz)g
50239 square chassis skt 38p. o 375x5 ol 120
502398 round chassi skt 40p. 2 22 % EEEA . 350
IEC 3 pin 260V/6A g% L s 17 455
Plug chassis mounting 38p L E] VQ board 190
Socket free hanging . . . 60p §B 8§ bW Veroplns per 100:
Socket with 2m lead 120p o =S Singlesided . . . . ., 55
TO Doubiesidsd . . . . 65
a Spot face cutter . 145
2 Pin Insertion tool 186
Submin togg! N, Wiring pen 375

SPST 55p. SPDT 60p. DPDT 65p. Spare spool 78p

Miniature toggle:

SPDT 80p. SPDT centre off 90p.
DPDT 90p. DPDT centre off 100p,
Standard toggle:

SPST 35p. DPDT48p

Miniature DPDT slide 14p. 310

2716

2532 380 6821 140 8156 380
B 1o make 1% 2732 one time 6840 360 8251  3b0
Rotary type adjustable stop. programmable 6850 165 8253 37

1P12W, 2PBW, 3P4W all BBp each. | .., 280 6852 240 8255 320
DIL switches: 645D ggg gggg ?gg &%519488 4(718
4SPST 80p 6 5PST 80p. 8 5PST 100] 2784260 350 ge80 100 Moise 70

Min. DPDT slide 14p. Push-make 15., ZBOIA DMA 880
s ——— e g — e

MAIll ORDERS: E

Unit 1, Hill Farm Industrial Estate, S )| I
Boxted, Colchester, Essex CO4 5RD. ACCESS AND

_ Tel. Orders; Colchester (0206) 36412 BARCLAYCARD
Telex: 987756. WELCOME

_smum:mn +

lvs,q‘v

Wire-
wrap
28p
a5p

COMPONENT KITS

0.25W Reslstor Kit. Contains 1000 0.25W B% resistors from 4.7 ohms
thru to 10M. Quantities depend upon popularity i.e. 10x10R,
30x470R, 30x10K, 25x470K. Just £7.80
Ceramic capacitor Kit. Total of 250 miniature ceramic cepacitors from
22p to Olu Just £6.90
Polyaster capacltor Kit. Tota! of 110 miniature polvesxjr cagacltors

SOCKETS [l
orofile

8 pin p

14 pin 8p

16 pin T0p

18 pin 12p

20 pin 13p

22 pin- 15

24 pin 170

28 pin L15p’

40 pin 25p
Pratessional 21F sockets
24 pin 430p " 28 pin 480p

from 0.01u to 0.47u,
Praset Kit, Total of 110 miniature preset resistors from 100R to M.
Horizontal mounting type. Just £6.90
Radiai Electrolytic Cepacitor Kit. A pa¢k containinga totat of 93

- minlature caps from 1u ta 2200u Just £7.50
Nut and Bolt Kit. Contains 800 assortdd iterns, 100 each 6BA %in,
%in, nuts and wshrs, 4BA %in, %in, nuts and wshrs,  Just £3.20

LM3915 NEBS67

LM13600 NES70

MC1310 NE571

MC 1496 NEBS32

MC3302 NEG534

- MC3340 RC4136

MF10CN RC4568

ML922 SL4B6

ML224 SL480

ML925 SN76018

ML926 SN76477

ML827 SP8629 0

ML928 SPO256A L2425
Speech data 50
T8AB0OQ 70
TBAB1Q g
TBAB20M 65
TBAGS0 220
TCAg40 165
TDA1008
TDA1022

2N3906 10
2N4037 45

1C7611 98
ICL7621 180
ICL7622 200
1cLBO38
ICLB211A
ICM7224
ICM7565

ICM 7656
LF347

LF351

LF363

LF356

LMI0C
LM301A
LM311

LM318

LM324

LM3342
LM3362

LM33g

LM348 60

TDA1024 115
TLO

50
UA2240 140
ULN2003 80
ULN2004 80
XR2206 365
ZN414
ZN423
ZNa24P
ZN425E
ZN426E
ZN427E
ZN42BE 450
ZN4B9 285
ZN1034E 200

LM741
LM747
LM748
LM1458 5.
LM2917N8 195
LM3900 45
LM3902 85
LM3914 265

5 BFR40
10 BFRBO
10 BFR81

ICL7108 680

CABLES HARDWARE CAPACITORS
20 metre pack single core connect- || PP3 battery clips . . 6 I Poiyester, radial leads. 250v. C28Q
ing cable ten differentcolours. 75p | Red or black crocodile clips . 6 type: 0.01,0.015, 0.022, 0.033 -
Speaker cabla 10p/m | Black painter control knob . 16 § 6p; 0.047, 0,068, 0.1 - 7p; 0.15,
Standard screened 16p/m | Pr Ultrasonic transducers 350 §0.32- 99033, 6.47 - 13p; 0.68 -
Twin screened 24p/m | M6V Electronic buzzer . 65 | 20p: 1u - 23p. !
2.5A 3 core mains 28p/m P12V Electronic buzzer . 70 Electrolytic, radial or axisl leads:
10 way rainbow ribbon  26p/ft | PPB2720 Piezo transducer. 75 §0.47/63V, 163V, 2,2/63V, 4.7/63V,
20 way rainbow ribbon  47p/ft § P64mm 64 ohm speaker . 70 |§ 10/25V - 7p; 22/25V, 47/35V - 8p;
10 way gery ribbon . . 14P/fs | P64mm 8.ohm speaker . 70 § 100/25V - 9p; 220/25V - 14p;
20 way grey ribbon . - 28p/ft }2‘0";?"\ %THEL iusegglder . 25 §470/25V - 22p; 1000/25V - 30p;
ed or black probe clip 35
4mm terminals a3 %:g%ﬁspowi? supply electrolytics:
REGULATORS 12 way ‘chocolate’ block 2200740V - 470
ultra-min. 6 or 12vrel. SPDT 130 2200/63V - ugz 470%’/23\\11 12%%‘;
;3::0; gg ;gll:?; 22 ditto. but DPDT 195 :olyzes;er mlmat7ure Siemens PCB:
8L 1 n,2n2,3n3.4n7,6n8, 10n, 15n, 7p;
;SIOJE 38 ;glags 22 EURO CONNECTORS ?gg 33n.47n, 68n, 8p; 100n, 9p;
n
7803 40 7912 45 | Goid flashed Ry, angle Wirewran | 470n 215';,"6%%?," 219? e =
7815 45 7915 -45 g‘;"‘“";‘ g [y ockat e
M317K 70 LM723 40 way At 2 .
LMaI7T a0 7BHOS 8o meyate 20 21 01023 035 047, 1.0 @ 35 -
LM323K 420 asBiC 520 330 12.22,47.10@ 25V - 20p;
15/16V - SOD 22/18V - 27p; 33/
RIS 200y 28, S5 iev-asp; 476V - 270, 47116V -
DIODES ST 5 400V 44 50 BR100 25 70p; 68/6V - 40p; 100/10V - 90p.
By127 12 1N8002 5 e Cor. disc. 22p-0.01u 50V, 3p each.
OAd7 o 1N400G 7 PR ES Muliard miniature ceramic plats:
0A%O 8 1N40OT 7 NEW 1985 CATALOGUE 1.8pF to 100pF 6p each.
OAD1 H 1N5401 12 Our new tully illustra- § Polystyrene, 5% tol: 10p-1000p, 6p;
0A200 8 1N5404 16 ted 50 page detailed 1500-4700, 8p; 6800 0.012u, 10p.
0A202 8 1N5406 17 Rapid, s\ information on over Trimmers, Mullard 808 series: 2-10
IN914 4  400mWzen 6 \Eect®™ | 3000 productlinesat fpF,22p; 3.220F, 30p: 5.5.650F, 36p
»1N4148 3 13W zeners 13 the most competitiva
prices in the market.
cuor\“ The catalogue costs § BRIDGE 24 200v 40
OPTO oonents\ just 70p inciuding pos- | FISSIITIRR2A 400V 45
L‘, @\ou“e tage or free with orders SA 100V 80
3mm red 8  &mm red 8 over £20 in value. Send 2 6A 400V 95
3mmgreen 11 5mmgreen 11 for your copy today | ::EOVV ng eI 9A
3mmyetlow 11  Smmyeliow 11 % ¥ % % % ¥ % % % ¥ XK 00 351200V

Clips to suit -3p sach.

Rectangular: TIL32 L | COMPUTER CONNECTORS I 1DC CONNE! RS

TiL111 60 I ZX81 2 x 23 way edge connector
green 17  TIL7B 40 § wire wrap for ZX81. . . 150 l
yellow 17 ORP12 85 | SPECTRUM 2 x 28 wav edge PCB PCB Socket Edge
iLD74 g6 ILQ74 185 § connector wire wrep. . . .200 Plug Piug Conn,
TIL38 36 TiL100 75 § AMPHENOL PLUGS St. Rt ang
2NS777 45  Tricolor Led 35 § 24 way IEEE I1DC.

Qway 70 70 70 -
16way 75 80

. . . .450
Seven segment disptays: 38 way Centronix IDC. . .490
Com tathode. Com anode, P
DL704 0.3" 95 DL707 0.3 95 RIBBON CABLE N
FNDG000.5"100 FND5070.5"100§ Grey Ribbon cable. Price per foot
14

AC126 35
AC126 30
AC127 30
AC128 30
AC176 25
AC187 25
Acies 25
AD142 120
AD18t 42
AD182 42
AF124 60
AF126 50
AF132 40
AF186 70
AF239 55
BC107 10
BC107B 12
8C108 . 10
BC108B- 12
BC108C 12

BC158 10 BFX29
BC158 BFX84
BC159 BFX85
BC160 BF X86
BC168C BFX87
BFX88
BFYB0
BFYS1 °
8FY52
BFY53
BFYS6
BFYS56
BRY39
8SX20
BSX29
BSYS95A

TiP35C
TIP36A
TIP3EC-
TIP41A
TIP42A

* Same day despatch ok Competmve prices .
* Top quality comiponents - * In-depth stocks

20way 90 90 95 130
26 way 105 110 116 155
10 bar DIL LED display, red 180 10 way [Baweys. B8 Govay 140 130 148 29
8mm superbright LED 250med By 20 0wy . 88 leowsy 165 185 170 240
red 30 B 7y 60way 195 195 200 -
26way . 38 60wsy . 100 |
oo ] i |
MH2 100
arbon Tiim 1+ 26+ 100 FEH gg&BMHz 240 EOXES é\lur;im‘um 3
%W 6% 4,70hm - 10M_ 2 2 Hz 140 . x2x1”
AW 532 4.70hm - 1&7 32 12: 1.8432M 200 6.144MH2 Plastic with lid 4x2%x1%" 95
™ 20Mi 225 7OMHz 150 g scraws 4x2%x2" 86
otal fiim 24576M 200  80MHz 140 &
! 2 71x46x22mm 60 6x4x2" 120
“W 1% 10chm-1M  4p  3p 3,276M 150 100MHz 170 ¢ 2%" 166
26+ price applies to 25+ per 3579M 95 120MHz 170 §6x71x3Bmm u6 7xEX 24 18
value not mixed. 4.0MHz 140 16.0MHz 200 f140x90x55mm 140 8x6x3 2086
7412 25 7440 25 7476 40 74107 40 74167 B0 74180 85
7413 38 7442 74 7480 EO 74100 60 74160 90 74181 230
7414 60 7444 105 7483 65 74121 B0 74161 90 74182 85
7416 43 7446 130 7485 1J0 74122 50 74162 90 74190 120
7417 43 7447 98 7486 38 74123 92 74163 90 74191 120
7420 25 7448 98 7483 170 74126 50 74184 115 74192 120
7421 30 7450 25 7490 55 74126 50 74165 90 74193 110
7422 30 7451 25 7491 BO 74132 60 74167 200 74194 80
7427 30 7453 25 7492 65 74141 80 74170 170 74195 63
7428 30 7464 25 7493  B5 74145 g5 74173 100 74196 120
7430 25 7460 26 7484 90 74147 130 74174 100 74197 85
7437 35 7472 35 7495 70 74148 105 74175 80 . 74198 195
7409 25 7433 35 7473 40 7496 B8O 74150 130 74176 B0 74199 195
7410 26 7437 43 7474 36 7497 170 74163 70 74177 80
7411 25 7438 45 7475 65 74100 125 74154 135 74178 90
4016 26 4034 145 4054 70 4081 18 4502 50
MU 2017 43 4036 270 4055 70 4082 20 4503 45 goe gg
4018 55 4039 270 4059 400 4085 60 4507  45. 4534 390
4000 18 4019 35 4040 46 4080 70 4086 €0 4508 115 4238 90
4001 18 4020 48 4041 65 4063 80 4089 120 4610 48 4543 g
4002 18 4021 65 4042 45 4086 24 4093 26 4511 50 449 390
4006 65 4022 60 4043 45 4067 280 4094 0 4512 B0 4ees 315
4007 18 4023 18 4044 60 4088 18 4095 70 4514 115 Lggn  “pd
4008 50 4024 36 4046 60 4089 18 4097 260 4516 115 ,cee oo
4009 40 4025 18 4047 52 4070 22 4098 O 4516 48 sgeq 390
4010 40 4026 120 4048 80 4071 18 | 40106 38 4518 48 4880 110
4011 18 4027 28 4049 26 4072 18 ' 40109 100 4520 48 ae2i  ag
4012 18 4028 40 4050 26 4073 18 40163 75 4521 110 4o e
4013 26 4029 45 4061 48 4075 24 40173 100 4526 70 4798 140

ORDERING INFQ. All components brand new and to full spec, All prices exclude VAT,
Please add to total order. Please add 70p carriage:o all orders under £20 in value Minimum
order £5 . Send cheque/P.0. or Access/Visa number with order, Our new 50 page catalogue
is given free with all orders over £20, Available at 70p each. Telephone

orders welcome with Access or Visa, Official orders accepted from colleges, schools etc.
Export orders no VAT but please add for carriage. We are open Monday to Friday,

ETi OCTOBER 1985
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British Computer Uses The 68020

urham-Based Integrated
Micro Products Ltd have
launched a 32-bit multi-user mic-
rocomputer which is said to be
considerably faster than many
minicomputers costing ten times
as much.
1t owes much of its high perfor-
mance to the use of Motorola's
new 68020 microprocessor(des-
cribed in ETI October 1984) and
is the first British designed and
built computer to use the chip.
The IMP-Mentor is available
eitheras a complete super-micro
computer or as a series of VME-
Bus boards which can be used in
othersystems. It runs several ver-
sions of the Unix operating sys-
tem and IMP say that it can
support thirty-two users simul-
taneously with virtually no degra-
dation of processing speed.
The main board carries the
68020 and 2M bytes of RAM,
expandable up to 8M bytes.
There is also provision for a

68881 floating-point co-pro-
cessor. Two more boards carry
the disk controller and the com-
munications controller and each
has its own 68000 micro-
processor. This leaves the main
microprocessor freetooperate at
the limits of its performance,
which can be as high as eight
million instructions per second.

To illustrate the speed of the
Mentor, IMP quote its perfor-
mance on the Sieve of Eratos-
thenes, a test that involves
calculating about 2,000 prime
numbers. The Mentor takes a
mere 0.6 seconds, while a DEC
VAX 78 minicomputer takes 1.8
seconds and an IBM-PC XT takes
9.0 seconds.

IMP say the Mentor is ready for
immediate shipment. For more
details contact integrated Micro
Products Ltd, Number One Indus-
trial Estate, Medomsley Road,
Consett, County Durham DHS8
6T), tel 0207-503481.

ETI Printed Circuit Board Service

W e must again apologise to
our readers for the suspen-
sion of this service.

As we explained in our last
issue, the company who used to
supply our PCBs have decided
that they no longer wish to con-
tinue doing so. Until we find
another supplier we cannot send

out any boards.

At the time of going to press we
are close to reaching an agree-
ment with a new supplier but
nothing has yet been signed. We
would hope to be able to start
sending outboards again withina
few weeks of signing such an
agreement.

In the meantime, we will
happily refund money to those
who have paid but not received
boards. However, if readers pre-
fer they canleave theirorders with
us and we will deal with them as
soon as we are able.

We would like to thank our
readers for the forebearance
many have shown in this matter
and once again offer our apolo-
gies for the inconvenience.

@ Hitachi have published a six-
teen page brochure which des-
cribes their HD6305 CMOS
microprocessor family. It covers
types underdevelopmentas well
as those now available and in-
cludes information on: support
devices, software, etc. Hitachi
Electronic Components (UK)
Ltd, Hitec House, 221-225
Station Road, Harrow, Middlesex
HA1 2XL, tel 01-861 1414.

ETI OCTOBER 1985

Bumble Gives Us The Moon —

By Laser

research unit at Brunel Uni-
versity has developed a word
processing system whichcancon-
vert the written word into forms
bettersuitedtothe needsofblind

" and partially-sighted people.

The system is called BUMBLE
(Brunel University Moon, Brailie
and Large-print Equipment) and
was developed by a team led by
Dr. John Gill. It consists of a
sixteen-bit microcomputer, speci-
ally developed software, and a
laser printer.

Becausethe laser printer usesa
non-impact printing system it is
able to cope with a wide range of
type styles and sizes. The paper
can then be heat-treated to pro-
duce enbossed Braille characters.

The system can also print the

www americanradiohistorv com

less well known Moon language.
Developed before Braille, Moon
has the advantage that it is very
easy to learn, but the difficulty of
printing it using traditional type-
setting methods has prevented
its widespread adoption. The
Brunel team hope that their work
will lead to a revival of interest
in Moon.

Bumble was originally devel-
oped for use by social service

departments and voluntary assg®’

ciations, but the simplicity of the
system should enable it to be
used by awide variety of agencies
who currently make no provision
for the blind and partially-sighted
when preparing information. For
further details contact Dr. Gill on
0895-71206.

7
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27128 £5.50 8800 £2.50 6821 £1.00 66A09 £8.00
8B09 £10,00 8085 £5,50 8088 £15.00 8251 £7.00

8748 £15.00.

Thousands of IC’'s EX STOCK send SAE for list.

1y g 3
Dry Fit MAINTENANCE FREE by Sonnenschein & Yuasa
A300 07191315 12v 3ah as RS 591-770 NEW £13.85
A30007191312 6v 3ah as RS 531-360 NEW £9.95
A300 07181202 6-0-5v 1.8ah as RS 591-382 Ex Equip
£5.99 3. 6v 100 mah PCB mount as RS 591-477 NEW £1.00

ese do side
disk drlves by TEAC TOSHIBA etc. Sold as

NEW with 90 day guarantee ONLY £125.00.
SUGART SA4 S FH 35 TRK £55.00
SIEMANS FDD100 SS FH 40 TRK £75.00
carriage on 5% drives £5.50

Brand NEW metalcases withinternal PSU etc
for above drives, below costl!!

DSKC 1 for 2 HH or 1 FH 5% drive £39.95
+pp£4.50 DSKC 2 for1 HH or t FH 5%’ drive
£29.85 + pp £4.50

8” Fiefurbtshed standard units.

SUGART 801 S5£175.00 + pp £8.50
SUGART 851 DS £250.00 + pp £8.50

POT ABBRRAFRAITL o

s in smart case,
complete with PSU etc, £595.00
8" DRIVE PSU for 2 drive units £45 00

Hard Disk Drives.

DRE/DIABLO Series 30 2.5 Mb front load,
£525 00 Exchangeable version £295.00
ME3029 PSU for above £95.00

DIABLO 44/DRE4000A, B 5+5 Mb from

QRWK 5+5 Mb £795.00
CDC 9762 80 Mb RMO3 etc £2500.00
PERTEC D3422 5+5 Mb £4985.00
£2O DIME 10MB ST506 Winchester NEW

00
EASF 81 72 23Mb Winchesters, as seen

Carriage on other drives £10.00.

Unless stated all drives are refurbished with
90 day guarantee. Many other drives and
spares in stock ~ call saies office for detalls.

t on wi
super range of DATA MODEMS prices and
spedfications to suit all applications and
budgets..

BRAND NEW State of the art products,

DACOM DSL2123 Multi standard 300-300,
1200-75 Auto answer etc. 2268.00
DACOM DSL2123AD Auto dial, smart
modem with multi standard AUTO SPEED
detect, and data buffer with flow control
etc. £3685.00

DACOM DSIL2123GT The CREAM of the
intelligent modems aute dial, auto call, index,
buffer etc £498.00
S EEBECK SB1212 V22 1200 baud FULL

DUPLEX, sync or async, optional auto dial,

65.00
TRANSDATA 307A Acoustic coupler 300
baud full duplex, originate only,
RS232 £49.00

Ex BRITISH TELECOM full spec, CCITT,
%gedlsed bargain offers. Soid TESTED with
will work on any MICRO or system with

nszsz interf:
L 2B 300 ‘Baud Modem see SPECIAL

0 ER

MODEM 13A 300 baud unit, onty 2” hlgh fits
under phone CALL mode only.£45.0

MODEM . 75-1200 baud. Com act unit
for use as subscrlber end to PRESTEL
TELEECOM GOLD, MICRONET etc £38.95

+8 6.50

MODEM 20-2 1200-75 baud. SameasZO 1 but
for computer end, £65.00 + pp£6.5
DATEL-2412 Made by SE labs for BT this two
part unitis for synchronious datalinks at 1200
or 2400 baud using 2780/3780
protocol etc. Many features include 2 or 4 wire
working self test, auto answer etc,

COST R €800 Our price ONLY £199

IE‘P EL 4800 RACAL MPS4800 baud
modem, EX Bt good working order, ONLY
£205.00 + pp £8.00

SUMMER OFFER
MODEM TG2393. Ex BT, Up to 1200 baud. full
duplex aver4 wire or half duplex over2 wire line.
ONLY £85.00 PER PAIR + pp £10.00

For more information
CONTACT OUR SALES OFFICE

Keepyour ho'l paRSCOOLand HELIABLE with
our range of COOLING FANS
ETRI 126LF21 240v5 blade equipment fan
Dim. 80 x 80 x 38mm £9.95
ETR! 88XUOI Dim. 92 x92 x25mm
240v equlpment fan, complete with finger
uard NEW £9.95
OULD JB-3AR Dim. 3" x 3" x 2.5” compact
very quiet running 240v operation.

NEW £6.95.
BUHLER 89.11.22 8-16v DG micro miniature
reversible fan, Uses a brushiess servo motorfor
extremely hl?h alr flow, also silent running and
uaranteed 0,000 hr life. Measures only 62 x
x 2mm. Current cost £32.00. OUR PRICE
ONLY £12.95 complete with data.
MUFFIN-CENTAU standard 4” x 4” x 1.25"

fans 110v OR 240v NEW at £10.50 or tested

EX EQUIPMENT 240v £6.25 or 110v£4.95.
1000’s of other fans Ex Stock.

Call for Details. Post & Packing on ail fans £2. 00

Manufacturer’ EW s
ALPHAMERIC 1204/60 Full travel ASCII
ggQSey with parallel output and strobe.
DEC LA34 Uncoded keyboard with 67
quality gold plated switches on X-Y matrix -
ideal micro conversions etc. £24.95
AMKEY MPNK-114 Superb word progessor
chassis keyboard on single PCB with 116
keys. Many. features such -as On board
Micro, Single 5v rail, full ASCIl coded
character set with 31 function keys

Numenc kc_enpad cursor pad and 8600 baud
SER Cil
£69. OO with data.

OUTPUTH! ONLY

ad y
PLESSEY Ltd this
compact unit, only
slightly Iarger than a
telephone, features an
allin one TELEPHONE,
24 x 40 character CRT
-screen, VIEWDATA
PRESTEL modem,
ybad and electronics to run ;as a fuily
fledged PRESTEL terminal or telephone.
Ready to plug direct into a BT 600 type jack
sockat and instantly connect you to
PRESTEL.etc. Many other features include
Memory dialling, Recall button. Off fine screen
data stora 8 Picture expand, Standard
Mutlard LUCY chip set, integral 5§ JVC crt
‘monitor, etc etc. Designed to sell to the
EXECUTIVE at £600! But from
DISPLAY, BRAND NEW AND BOXED at
only £99. 00 for DTMF tone dial or £140.00
for standard DIAL PULSE version.
Carr. £8.00.

Another GlGANTlC purchase of these

NEW or little used 2B data modems allows US to make the FINAL
REDUCTION, and for YOU to join the exciting world of data
communications at an UNHEARD OF PRICE OF ONLY £29.95. Made to
the highest POST OFFICE APPROVED spec at a cost of hundreds of
pounds each, the 28 has ail the standard requirements for data base,
business or hobby communications. All this and moret!
g @ CALL, ANSWER and AUTO modes

® Standard RS232 serial interrace
=~ @ Built in test switching

® 240v Mains operation

® 1 year full guarantee

@ Just 2 wires to comms line

BT 600 Jack piug and cable £2.25 Carriage and ins. £10.00

® 300 baud full duplex R
@ Full remote control

@ CCITT tone standards
® Suppled with full data
@ Modular construction !
& Directisolated connection A"f‘\.

32 Biggin Way,

soesses HOT LINE DATA BASE +ovoope--

N DISTEL <

« The ORIGINAL FREE OF CHARGE dial u
¢hase, Buy, browse or place YOUR OWN
s goods or services to sell. 1000's of stock items,®
spares and one off bargains. Updated daily. ¢
ON LINE NOW. CCITT, 8 bit word, no parity.
For 300 baud modems call 01-679 1888
For 1200-75 baud modems call 01-679 6183

s A MASSIVE purchase of these attractlve stand alone
» terminal units enables a SUPER BARGAIN offer, Made b
s the US GENERAL ELECTRIC CORPORATION the G
+ MODEL 30 features a standard ER

electromc keyboard coupled to a quality burlt matrrx
printer with variable 3" to 9.5” forms tractor. The printer is
capable of continuous duty %rmtlng with up to 120
characters per line. Standard RS232 interface accepts
ASCII data at 110, 150 or 300 baud. Ideal for Terminals,
Data Io%gers local Iabel prmtlng or just as a printer! Sold
TEST with data O Also available with

dataj
D fora

L]
L]
L]
¢ TWIN MAGTAPE CASSETl'E unit for data capture, data
: preparation etc £150.00 Carriage £10.00.

‘SYSTEM ALPHA 14" COLOUR MULTI INPUT MONITOR
made In the UK by the famous REDIFFUSION Co. for their own professional
computer system this monitor has all the features to suit your immediate and
future monitor requirements. Two video inputs: RGB and PAL Composite Video,
allow direct connection to the BBC and most other makes of micro computers
and VCR’s. An internal speaker and audio amplifier may be connected to your
systems output or direct to a VCR machine, glvmg superior sound quality, Many
other features included PIL tube, Matching BBC case colour, Major controls on
front panel, Separate Contrast and Brightness - even in RGB mode, Two types of
audio Input, Separate Colour and audio controls for Composite video input, BNC
plug for composite input, 15 way ‘D’ plug for RGB input, modular construction

etc etc.
This Must be ONE OF THE YEAR'S BEST BUYS
Supplied BRAND NEW and BOXED, complete with DATA and 90 day guarantee.
SUPPLIED BELOW ACTUAL COST -~ ONLY £1 49.00

DECCA 80 16" COLOUR monitor. RGB inp
Little or hardly used manufacturers surplus enables us to offer this special
converted DECCA RGB Colour Video TV Monitor at a super low price of only
£99.00, a price for a colour monitor as yet unheard of!! Our own Interface, safety
modification and special 16" high definition PIL tube, coupled with the tried and
tested DECCA 80 series TV chassls gives 80 column definition and picture
quality found only on monitors costlng 3 TIMES OUR PRICE. In fact, WE
GUARANTEE you will be delighted with this Froduct, the quality for the price,
has to be seen to be believed. Supplied complete and ready to plug direct to a
BBC MICRO computer or any other system with a TTL RGB output. Other
features are: internal speaker, Modular construction, auto degaussing circuit,
Attractive TEAK CASE, compact dimensions only 52cm W x 34 H x 24 D, 90 day
5aranteecAlthough used, units are supplied in EXCELLENT condition, ONLY
DECCA 80, 16" COLOUR monitor. Compositve video input. Same as above
model but fitted with Composite Video input and audio amp for COMPUTER,
VCR or AUDIO VISUAL use. ONLY £99.00 + Carr.
REDIFFUSION MARK 3, 20" Colour monitor. Fitted with standard-75 ohm
composite video input and sound amp. This large screen colour display is ideal
for shops, schools, clubs and other AUDIOQ VISUAL applications. Supplied in AS
NEW or littie used condition ONLY £145.00 + Carr.

BUDGET RANGE EX EQUIPMENT MONOCHROME video
monitors.

All units are fully cased and set for 240v standard working with composite video
inputs. Units are pre tested and set up for 80 column use on BBC micro etc. Even
when MINOR screen burns exist — normal data displays are unaffected.

12" KGM 320-1 B/W high bandwidth input, will display up to 132 x 25 I|nes

2.
?2 . (gg N SCREEN version of KGM 320-1 Only £39.95
9" KGM 324 GREEN SCREEN fully cased very compact unit Only £55.00
9” HITACHI VM-90BE/K Black and White screen £49.95

Carriage and insurance on all monitors £10.00

GOULD 0F443 enc!osed. compact switch mode supply wit g ated outputs of

+5v @ 5.5a +12v @ 0.5a, -12v @ 0.1a and -23v @ 0.02a Dlm 18 x11 x6 cm. 110 or

240v input BRAND NEW only £14.95

GOULD G6-40A 5v 40 amg switch mode supply NEW £130.00

GREENDALE 19A-BOE Switch mode 60 watt open PCB with a fu{l{y regulated DC

output of 5v @ 6 amps, and three semi regulated outputs of +12V,~12V +15V @ upto 1
g Dim only 11 cm x 20 cm x 5.5 cm. Similar to RS 591-994. 110 or 240v AC Input.

ESTED ex equipment. Only £24.95

AC-DC Llnear U for DISK drive and SYSTEM applications. Constructed on a rugged

ALLOY chassis to contlnuously sugply fully regulated DC outputs of +5V @ 3 amps, -5V

@ 0.6 amps and +24v @ § amps. hort clrcun and overvoltage protected. 110 or 240 V

AC input Dim 28 x 12.5 x 7 cm NEW 95.

Carrlage on PSU's £3.00

AII prices quoted are for U.K. Mainland, paid cash with order in Pounds Sterhng PLUS VAT. Mmumum order value £2.00. §
Minimum CreditCard order£16.00. Minimum BONA FIDE account orders from Government Depts, Schools, Universities and
established companies £20.00. Where post and packlng 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 change prices and specifications without notice. Trade, Bulk and Export

“-Up%(‘etr Norwood: 'London SE19 3XF
1

Standard VDU data entry terminals at give away

prices!!
QUME QVT108. Current product, state of the art
terminal with detachable keyboard, 12" green
screen, 2 page RAM, TVI 825 emulation, 25 x 80,
Clock, Swive andﬂlt base, Brinter port, Function
keys etc. BRA and BOXED AT ALMOST
HALF PRICE OnI 242

AJ510 - EX NTAL, ZSD controlted, 15"

green screen 24 x 80 display, graphics, cursor
i addressmg, printer pert etc. Very good condition

TESTED complete with manual only £225.00.

ADDS 520- Dumbterminal, used, 12" b/w screen
| RS232 interface and printer port TESTED.
ONLY £125.00

Carriage on terminals £10.00
100's of other terminals in stock,
CALL for more details.

4 Telex 894502 Data01-679 1888
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Short-Range
Transmitter

vFor VCRs |

M astertronic have developed

a UHF amplifier and aerial
unit which will broadcast pictures
from a video cassette recorder so
that they can be picked up by
nearby television sets,

The system has arange of about
45 feet and could be used, for
example, to transmit the signai
from a centrally placed VCR to a
portable TV elsewhere in the
house or to enable one VCR to be
used with several TV sets
simultaneously.

The Videot+ takes the UHF
signal from the outputof the VCR,
amplifies it and feeds the output
to a short, detachable aerial.
Because the final outputis only an
amplified version of the VCR
signal, the transmission fre-
quency will be that to which the
VCR is tuned and the pro-
grammes can be picked up on the
TV channel normally used when
the VCR is plugged in directly.

The nominal bandwidth of the
amplifier covers UHF channels 32
to 40 with a maximum usable
bandwidth extending from chan-
nel 21 to channel 60. Two touch
panels on the front of the unit
increase or reduce the gain, the
result being shown on a bargraph
type LED display. This makes it
possible to select the minimum
output power necessary to
achieve good reception.

It may come as a surprise to
some readers to learn that re-
transmission in this way is not
illegal, but Mastertronicassure us
that they have had a team of
lawyers working on the case and
that even after contacting eigh-
teen Home Office departments
they have notbeen ableto find any
legal impediment.

Mastertronic are marketing the
Video+ with the domestic user
very much in mind, but also
expect it to be of use in schools,
colleges, conference centres,
hotels, etc. It will be sold through
leading high street electrical
shops at arecommended price of
£149.95 including VAT, complete
with mains lead, aerial and VCR
connecting lead.

Mastertronic, Park Lorne, 111
Park Road, London NW8 7]L, tel
01-732 9242,

® MS Components have pub-
lished a new electronic com-
ponents equipment catalogue.
Its 300 or so pages contain details
of around 10,000 products and
the company say they can des-
patch all orders on the day of
receipt. Copies areavailable free-
of-charge from MS Components
Ltd, Zephyr House, Waring
Street, West Norwood, London
SE27 9LH, tel 01-670 4466.

® Honeywell have issued the‘

latest edition of their gquarterly
journal, Scientific Honeyweller. It
includes an article on secure
computersystems which explains
how sensitive data can be pro-
tected against ‘hackers’, and also
has an article describing an intel-
ligent computer program which
can be used in the design of large
computer systems tailored to
suit  particular  applications.
Copies of the magazine are avail-
able free-of-charge from the
Information Desk, Honeywell
Information Systems Ltd,
Honeywell House, Brentford,
Middlesex TW8 9DH, tel 01-568
9191.

® There are stiil areas in which
valves reign supreme, some of
them very specialised. Among
the companies supplying some
of the more exctic types are
Westinghouse, who have just
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published a new, sixteen page
catalogue. It covers high-
vacuum (triode) amplifiers, high-
vacuum (triode) pulse amplifiers
and high-vacuum diodes for use in
industrial, broadcasting, radar
and similar applications, and the
guide includesspecificationsand
detailed scale drawings. Copies
are available from Peter Collings,
Westinghouse Electric SA, Indus-
trial and Government Tube Divi-
sion, 43 High Street, Marlow,
Buckinghamshire SL7 1BD, tel
06284-75876.

® Semiconductor Supplies are
distributing an  eight-page
brochure which describes their
range of Kaise and Eagle power
supplies and test meters. The
power supplies include fixed and
variable voltage regulated types
and also steplessly variable regu-
lated units. Both analogue and
digital meters are available,
the analogue types having input
sensitivities up to 100,000 ohms-
per-volt, and there is also a range
of AC and DC clamp meters, in-
sulation testers, earth testers and
an analogue light meter. Copies
are available from Peter Cress-
well, Semiconductor Supplies
International Ltd, Dawson House,
128-130 Carshalton Road, Sutton,
Surrey, SM1 4RS, tel 01-643
1126.

Key Note

Next time you fancy a little
innocent amusement on a
crowded bus or train just try clap-
ping three times. ’
You may be unlucky and elicit
nothing more than a few odd
looks. On the other hand, you
may be rewarded with a caco-
phonyofhigh-pitched bleeps and
a frenzied rustling noise as
dozens of embarassed faces dis-
appear behind their daily papers.
for Dudley Langmead Enter-
prises have introduced the Key
Tracer, an electronic keyring
which looks well set to replace
the electronic alarm watch as the
principal cause of unintended
2eping in public places.
The Key Tracer is designed to
help those who habitually mislay
their keys and behaves like any

other keyring until activated by

the sound of three claps.it then
emits the aforementiond high-
pitched tone, alerting the owner
to its presence and passers-by to
its owner’s carelessness.

The social impact of such an
invention may well be out of all
proportion to its size. We will pro-
bably get used to seeing our
public spaces filled with people
who wear anxious looks and
stride around clapping rhythmic-
ally, andunpopularoratorswillno

doubt come to accept the high-

tech accompaniement which
starts up shortly after the first few
rounds of slow hand-clapping.
However, we canonlybethankful
that Dudley Langmead did not go
forvoice pattern recognition and
that we are spared the sight of
distracted owners calling “Here,
Keyring, Keyring” as they wander.

The cost of this miraculous

device is surprisingly modest at

£6.95 and the manufacturers are
surely to be congratulated on
theirachievement, But please, no
applause. You never know what
might result.

Dudley Langmead Enterprises
Ltd, 16 Bedford Street, Hitchin,
Hertfordshire, tel 0462-35928.

)
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Cable Length
Meter

T MK are marketing a portable
meter which will measure
electronically the length of a
piece of cable or the distance to a
break or short circuit.

The Lacopet CL-100AU can
measure cablem lengths from 1
metre to 1000 metres and wili
work with both two-core and
coaxial cables. It works by inject-

" ing a TkHz signal into the line and

then measuring the response.
In use, the meter is first calib-
rated using a 1m piece of cable

identical to the length under test.
It can then be connected to the
unknown cable and a direct read-
ing oflength obtained. It could be
used, for example, to measure the
amount of cable on a drum with-
outuncoilingitorthedistancetoa
break or short circuit in a buried
cable.

The CL-100AU is battery oper-
ated and has a basic accruacy of
+5% of FSD. A phono output is
provided so that the 1kHz tone
can also be injected into cables or
equipment for signal tracing
purposes. -

The meter measures 163 x 100 x

‘47mm and weights 300gm. It

comes complete with all test
leads, batteries, a carrying case

and aninstruction manual and has
a neck harness which allows it to
be supported at a comfortabie
viewing angle in front of the user
whilst leaving the hands free,
Optional extras include a signal
tracerwhich canbeused todetect
the 1kHz output tone.
The CL-100AU costs £199.75
“plus VAT and the optional signal
tracer costs £125.00 plus VAT
complete with case, batteries and
earphone. Also available is the
CL-100AUK which is generally
similar to the CL-100AU buthas a
measuring range of up to 5000m.
It costs £445.00 plus VAT.
TMK Test Instruments, 138
Grays Inn Road, London WC1X
BAX, tel 01-837 7937.

Careers Advice
Centre

A Careers In Engineering centre
will be one of the features at
the Technology Engineering Fair,
to be held at the NEC, Bir-
mingham from 8-11th October.
The centre will be staffed by
representatives from leading
engineering employers and tech-
nical institutes and will offer

advice on career opportunities to
students and engineers who are
currently unemployed. Advice
will also be available for en-
gineers who are in employment
but feel that their skills are not
being fully used.

The centre willbe opened by Sir
Monty Finniston. For details con-
tact Juliet Northage, Cahners
Exhibitions  Ltd, Chatsworth
House, 59 London Road, Twic-
kenham, Middlesex TW1 3SZ, tel
01-891 5051.

@ The British Standards Institu-
tion have issued their BS 6600
entitled Outline Dimensions of
Transformers and Inductors for
use in Telecommunications and
Electronic Equipment. The first

section to be issued is part 10

which covers the Q range of C-
core transformers and inductors.
BSI hope that it will encourage
manufacturers to avoid needless
variety in producing these parts.
BS 6600 part 10 costs £16.20
(£8.10 to members) from BSI,

Linfold Wood, Milton Keynes
MK14 6LE.

@ The Plessey radio payphone
described in News Digest in July
has found a customer, butinstead
of being taken up by poor Third
World countries as Plessey ex-
pectedthefirstpurchasersarethe
wealthy Swiss. The systems willbe
installed atfashionable skiresorts
in the Alps where a cabled system
would be too expensive.

a

PASSIVE IR DETECTOR

Detects intruders
body heat at up to
10m. 12Vdc supply‘
Output N/¢ contacts
950 135 £45.00

FREE 28 page
catalogue. Send 9x6 SAE

NOW!

Telephone orders —
HAccess & Barclaycard
., RING 01-567 8910 (24hrs)

Combinations, |
SUpplied. 750 Way keyhoarg
disabling ca;g;o“fpuf Ideal 1o,

lock when ygg

DIcrray,
Oberates frq
Supply ang

gives 5 de
s. | s 5040

ton or

lock mechan
70]

gide cutters \ i SIMinatorg
See ?aar“;g’ ful ) 36p/pr

BATTERIES

NiCADs eq AA S0P
& Chargers

 ELECTRONICS
13 BOSTON RD
LONDON W7 35
Tel. Orders: 01-567 8910
Enquiries: 01-579 9794
Shep Hours: Mon-Fri. 9am-5pm
Sat. 10am-4pm.

ORDERING INFORMATION:
ALL PRICES EXCLUDE VAT

FREE P&P on orders over £20 (UK only), otherwise add
78p + VAT. Overseas P&P: Europe £2.75. Elsewhere
£6.50. Send cheque/PO/Barclaycard/Access No.
with order. Giro No. 529314002.

LOCAL AUTHORITY AND EXPORT ORDERS
WELCOME
GOODS BY RETURN SUBJECT TO AVAILABILITY
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Temperaturé Indicating Paint

R edpoint have introduced an
improved version of their
Spectratherm paint, a substance
which changes colour to indicate
the temperature of the surface
onto which it is coated. The new
formula measures temperatures
over the range 58-117°C and can
be usedtocheckthetemperature
of semiconductors, heatsinks and
other electronic devices.
Spectratherm is available as a
kit of three bottles, each of which
has a brush built into the cap. It
canbeappliedtoanydarksurface
and the temperature can then be
assessed by comparing the paint
colour with a printed spectrum
chart provided. Redpoint claim
that under laboratory conditions
the paint can be used to indicated
temperature to within 0.5°C,

Spectratherm works best on non-
reflective surfaces but shiny
semiconductor packages and
similar finishes will give reliable
Ireadings if they are rubbed over
with a black felt pen first.

Redpoint expect the new paint
‘to be of interest to most elec-
tronic engineers and especially to
test and quality assurance en-
gineers. They plan to introduce
an airbrush so that Spectratherm
can be used fortemperature map-
ping on large surfaces.

The three bottle kit costs
£25.30 including VAT and post-
age and packing, and further
details can be obtained from Red-
point Limited, Cheney Manor,
Swindon, Wiitshire SN2 2PS, tel
0793-37861.

® NEC claim to be both a world
leader in relay technology and a
pioneerinfibre opticcommunica-
tions. To prove it they have pub-
lished a122-page guide to their relay
products and a 344-page book on
fibre optics, both of which are said
to contain technical data, refer-
ence guides and a glossary of
terms and definitions. Copies are
available free-of-charge from NEC
Electronics (UK) Ltd, Carfin Indus-
trial Estate, Motherwell, Scotland
ML14UL tel 0698-732221.

® ECW have an easy-to-build
stereo VU meter kit which uses
rows of 16 LEDs to give a bar-
graph-type display. It operates
froma12V DCsupply, has aninput
impedance of 10k and a sensitivity
of from 100mV to 10V full scale,
The kits costs £20.85 including
postage, packing and VAT from

ETI OCTOBER 1985

Electronics & Computer Work-
shop Ltd, 171 Broomfleld Road,
Chelmsford, Essex CM1 1RY, tel
0245-262149.

® Axiom Electronics have signed
an agreement with ITT Cannon
underthe terms of which they will

distribute awide range of Cannon '

connectors, They can aiso pro-
vide free copies of technical
literature and specifications on
the new product lines which
include D subminiature connec-
tors, the DIN 41612 range, Solda-
D, D*U and low cost plastic
connectors, turned-pin I1C sockets,
chip carrier and pin grid array
sockets, and IDC connectors,
Axiom Electronics Ltd, Turnplke
Road, Cressex Estate, High
Wycombe, Buckinghamshire
HP12 3NR, tel 0494-442181.
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.. that there Is a real difference at Cricklgewood Electronics.

That's why you should never be without the FREE CRICKLEWOOD ELECTRONICS
COMPONENTS CATALOGUE, for sheer variety, competitive prices and service
from the U.K.’s number.one 100% component shop. No gimmicks, no gadgets or
computers, just components, miflions of them, all easily available by mail order,
calling or credit card telephane orders. Just pick up the phone {or a pen) to get your
FREE copy now ino SAE required). You have nothing to lose.

CRICKLEWOOD ELECTRONICS LIMITED
40 Cricklewood Broadway, London NW2 3ET

Tel: 01-450 0995/01-452 0161
Telex: 91 4977

R ET!

Part type 1 off 25-89 100 up
4116 200N8......coccivviine PTG T 1.25 115 110
4164 150ns Not. Texas ......... oo .99 .89 .84
4128 150ns. .5.45 4,99 4.70
4256 150ns 65 335  3.10
2114 200ns Low Power 176 1.60 1.55
2018 150N8...c.ociiiiviiiiniiiiiiiaens 2.45 2.30 2.20
6264 150ns Law power .............. ..5.00 4.45 4.00
2716 450n8 5 VOlt...o..ovviiviiiennn, 3.85 3.45 3.30
2732 450ns Intel type...........oovees 4.75 4.25 410
2732A8350NS i 5.25 4,69 4,50
2532 450ns Texas type...... o0 AR s on 3.85 3.45 3.30
2764 300ns Suit BBC........covvvvinis 2.95 265 2.50
27128 300ns SUitBBC.........eevvenns 3.95 3.55 3.35
Low profile IC sockets: Pins 81416 1820242840

Pence 121314 1618242738

Available now — The ROAM BOARD for the BBC Micro, Reads
Roms via a Low Insertion Force Socket and saves their
contents as files, then reloads a file Into its sideways Ram as
required. Full details on request.

74LS series TTL, wide stocks at low prices with DIY discounts
starting at a mix of just 25 pleces Write or 'phone for list.

Please add 50p post & packing to orders under £15 and VAT to total.
Access orders by 'phone or mall welcoma.
Non-Mititary Government'& Educational orders welcome,, £15 minimum,

HAPPY MEMORIES (ETI),
Newchurch, Kington,
Herefordshire HR5 3QR.
Tel: (054 422) 618
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@® The autumn issue of Cirkit's
component catalogue should be
out by the time you read thisand
will be available from high street
newsagents for £1.15, its 128
pages will carry details of an
expanded range of parts and will
include a special offer on
modems and interfaces for the
Amstrad computer at a price
which Cirkit say is amazingly
low.

@ STC have published the 1985
edition of The Tool Book, an 80-
page catalogue oftools, assembly
aids, service aids, storage equip-
ment and cells and batteries.
Over 400 products are listed,

from screwdrivers to complete

soldering/desoldering stations.
Also available is The Electronics
Book, a catalogue of electronic
components which runs to nearly
700 pages and contains informa-
tion on almost 40,000 products.
Included are details of Estelle,
their on-line ordering and infor-
mation system which is available
to anyone with a computer and
modem. Bothbooks are available
free-of-charge from STC Elec-
tronic Services, Edinburgh Way,

Harlow, Essex CM20 2DE, tel
0279-26777.

@ The Institute of Electrical En-
gineers are planning to produce a
Guide for Industry on the Design
and Achievement of Testability in
engineering products. They say
that it is debatable whether some
of today’s sophisticated micro-
electronics designs can be tested
completely (see our article in this
issue for more on this) and hope
the Guide will help designers to
incorporate test procedures to
help overcome the problem. Any-
one who feels they have anything
to contribute should contact the
IEE, Savoy Place, London WC2R
0BL, tel 01-240 1871.

@ PSP have updated their free-
form literature which contains
photographs and information on
their range of connectors. They
are distributors for ITT Cannon,
Thomas & Betts, Transradio, ITT
Pomona, Panduit and Souriau
and their range covers just about
every conceivable application.
PSP Electronics Ltd, Unit 2, 2
Bilton Road, Perivale, Greenford,
Middlesex UB6 7DX, tel 01-998
9061.

Transformer
Design Service
A vel-Lindberg have set up a

new department which can
produce small quantities of
toroidaltransformers designed to
the requirements of individual
customers.

The Small Quantities and Pro-
totype Department can produce
transformers in batches of from
onetotwenty units. Theysaythey
can tackie anything within the
limits imposed by winding
machine and wire technology
and offer ratings from 10VA to
3kVA. Finishing options range

from Melinextape winding through-

to full impregnation and resin fill-
ing and they can cope with most
special requirements regarding
insulation and magnetic shield-
ing. Transformers can be con-
structed to meet all specifica-
tions, including Defence Standard
05-24.

Avel-Lindberg use a computer
to speed up the design process
and can execute the simpler jobs
in a few hours. In practice, they
feel that most such requirements
will be catered for in their stan-
dard range and expect the new

service to be used mainly for
more complex jobs, some of
which may need to be passed
back and forth between them
and the customer before the
design is perfected.

Avel Lindberg Ltd, South Ock-
enden, Essex RM15 5TD, tel
07080-853444,

CIRKIT
AUTUMN CATALOGUE

% No cover price increase
% 16 extra pages and many new products including ...

% 25 new radio communication kits and projects
% New Epson compatible NLQ dot matrix printer for under £200 - including

VAT, p&p v
% Acoustic MODEM and interface for Amstrad CPC464/664, supporting Prestel,

terminal emulation (BT Gold, glass teletype etc) and data transfer. All this for
Just £26.00.
A new selection of soldering irons and accessories from Weller plus many new
hand tools. .
Test equipment from Black Star and Altai.

New range of memory and MODEM ICs

Full range of Electrolube aerosols and service aids.

The Autumn catalogue is on sale at your newsagent, or direct from our sales
counters in Broxbourne, Herts, Brentwood, Essex and in Portsmouth.

CIRKIT - BIGGER STOCK, BETTER SERVICE

Park Lane, Broxbourne, Herts, EN10 7NQ - 0992-444111




NEWS: NEWS: NEWS:

DIARY

Electronics for Peace: London Group Meeting — September 5th
London New Technology Network, Camden, London, 7.30 pm, For
details see September‘85 ETIl or ‘phone 01-541 1825.

Vacation School On Cable Television — September 9-13th
Leeds Polytechnic. For details see September ‘85 ETI or ‘phone 01 -
240 1871 extension 270.

RAE Course Enroiment - September 10th

Bradford & likley Community College, Bradford. For details see
September1985 ETl or contact P. Nurse, Bradford & lIkley Community
College, Great Horton Road, Bradford, West Yorkshire BD7 1AY.

Interconnection Europe — September 10-12th
Cumberland Hotel, Marble Arch, London. For details see February‘85
ETl or ‘phone 0582 - 417438.

Alarm Training Seminars — September 24-27th

Castle Alarms, Windsor. Four one-day training seminars covering the
basic technology, avoiding false alarms, system design and specifica-
tion and business study. Aimed at engineers, security staff, manage-
ment and surveyors, the cost is £85 plus VAT per day including lunch
and refreshments. Castle Alarms and Electronics, North Street,
Winkfield, Near Windsor, Berkshire SL4 45Y, tel 0344-886446.

Programming in C: A Hands-On Workshop — September 24-27th
London: venue tobe announced. Fordetalls see July’85 ETl or contact
ICS at the address below.

Computer Graphics Course — September 24-27th
Venue to be announced. For details see july ‘85 ETI or contact ICS at
the address below.

Semiconductor International — October 1-3rd
NEC, Birmingham. For details see August’85 ETl or contact Cahners at
the address below.

System Security Conference — October 2/3rd
Tara Hotel, London. For details see August 85 ETi orcontactOnlineat
the address below.

Offshore Computers Conference & Exhbition — October 8-10th
Aberdeen Exhibition & Conference Centre. Conference devoted to
the use of computers in petroleum exploration. Thirty-seven papers
from seven countries will be presented and the costs range from
£160.00 + VAT for one day to £390 + VAT for the full event. Entry to
the associated exhibition is free. Contact Offshore Exhibitions and
Conferences Ltd, Rowe House, 55-59 Fife Road, Kingston upon
Thames, Surrey KT1 1TA, tel 01-549 5831.

Technology Engineering Fair — October 8-11th
NEC, Birmingham. For details see August’85 ET! or contact Cahners at
the address below.

Internepcon UK — October 10/11th
Metropole Hotel and Brighton Centre, Brighton. Fordetails see August
‘85 ET! or contact Cahners at the address below.

Computer Graphics ‘85 — October 15-18th
Wembley Conference Centre, London. For details see August '85 ETI
or contact Online at the address below.

Electronic Displays ‘85 — October 29-31st
Kensington Exhibition Centre, London. For details see September’85
ETI or contact Network Events at the address below.

Addresses:

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

ICS Publishing Co (UK) Ltd, 3 Swan Court, Leatherhead, Surrey
KT22 8AD, tel 0372-379211.

Network Events Ltd, Printers Mews, Market Hill,
MK18 1}X, tel 0280-815226.

Online Conferences Ltd, Pinner Green House, Ash Hill Drive, Pinner,
Middlesex HA5 2AE, tel 01-868 4466. ET'

Buckingham
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DIGITAL ELECTRONICS

SUPERKIT  £22.00
SUPERKIT Il £16.00
(£35.00 if bought together)

The SUPERKIT series introduces beginners to practical digital electronics.
SUPERKIT (SUP ) is the first kit, which contains an instruction manual,
a solderless breadboard, and components (7 integrated circuits, switch,
resistors, capacitors, LEDs -and wire). It teaches boolean logic, gating,
flipflops, shift registers, ripple counters and half adders. SUPERKIT |l
(SUP M} extends SUPERKIT. It contains an instruction manual and
components (10 integrated circuits, 7-segment display, resistors,
capacitors and wire), and explains how to design and use adders,
subtractors, counters, registers, pattern recognisers and 7-segment
displays.

DIGITAL COMPUTER LOGIC £7.00
DIGITAL COMPUTER DESIGN £9.50
MICROPROCESSORS &

MICROELECTRONICS £6.50

The SUPERKIT series is backed by our theory courses. DIGITAL
COMPUTER LOGIC {DCL), the beginners’ course, covers the use and
design of logical circuits, flipflops and registers. DIGITAL COMPUTER
DESIGN {DCD}, a more advanced course, covers the design of digital
computers both from their individual logic elements and from integrated
circuits. MICROPROCESSORS and' MICROELECTRONICS (MIC)
teaches what a microprocessor is, how it evolved, how itis made and what
it can do.

GUARANTEE. If you are not completely satisfied, return the item to us in good condition within 28
days for a fuil refund. All prices include worldwide surface postage {ask for prepayment invoice tor
airmail). Orders despatched within 48 hours. Overseas payment by international credit card or by
bank draft drawn on a London bank

CAMBRIDGE LEARNING LTD, Unit 15," Rivermill Site,
FREEPOST, St lves, Huntingdon, Cambs. PE17 4BR, England.
Telephone: 0480 67446.

VAT No. 313026022 Transcash No. 2789159 Reg. No' 1328762
e o o o e e = ey e e wrw e

Please send me (initial letters used):

...... SUP | @ £22.00 ... ~DCL @ £7.00
...... SUP Il @ £16.00 ... DCD @ £9.50
...... SUPI+1l @£3500 v MIC @ £6.50

Full detaiis of all your courses (please tick)

| enclose a cheque/PO payable to Cambridge Learning Ltd.

Telephone orders from credit card holders accepted on 0480 67446 (24
hrs).

Name ..,..... T P S

CAMBRIDGE LEARNING LTD
Unit 15, Rivermill Site, FREEPOST,

St. lves, Huntingdon, Cambs PE17 4BR

I England.
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BBC Micro Computer System

ACORN COMPUTER SYSTEMS
BBC Model B Speclai offer
BBC Model B+Econet....
BBC Model B+DFS.........
BBC Model B+DFS +Econet..
BBC B PIUS .....ccucvumemarintammmsmntosemsessinna
UPGRADE KIT8
DFS Kit
Econet Kit
ACORN ADD-ON PRODUCTS
_Z80 2nd Pr
6502 2nd Processor ....
Tehtext Adaptor..

|EEE intertace
Music 500 £173 (b)
RH LIGHt PO .coeeevessseers seeesctrreomesron £29 (c)
BBC FIRMWARE

1.2 Operating SyStem ............um. £7.50 (d)

BCPL ROM/DISC ....ccoarbercarnan
Disc Doctor/Gremlin Debug R
EXMON/TOOL KIT ROM......cconnd £23 ea (d)

b

£43 ea (c) By
ACCELERATOR (BASIC Complier)....£56 (c)

COMMUNICATION ROM

Termi Ii £26 (d)
COMMUNIGALON .....cucrimrivecsesrisctsecrmmsanaed £57 (d)
Commstar £27 (d)
DATABEEB £25 (d)

TORCH UNICORN products including the IBM Compatible GRADUATE in stock
For detailed specification on any of the BBC Fiemware/Peripherals listed here
or information on our complete range please write to us.

DISC DRIVES

These are fully cases and wired drives with slim line high quallty
mechanisms. Drives supplied with cables manuals and formatting disc -
suitable 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.

With integral psu: 3

; PS100 WIth PSUereescrermsereeereerean £120 (b)
b}  PS400 £145 (b)

Single Drives:
1 x 100K 40T SS :TS100
1 x 400K 40/80T DS :T400....

Dual Drives: ‘with Integral psu)

Stacked Version: Plinth Versions:

PD200 2 x 100K 40T 88 PD200 £215 (a) .
PDB00 2 x 400K 80/40T DS PDB800OP £289 (a)

Notg: wﬁs can supply drives with Shugart mechanisms at considerably lower prices. Please phone
for detalls.
3.5" Drives

TS35 1 x 400K 80T DS..couvvrenrsrsrrrssenn £89(D) TD36 2 x 400K 80T DS.....coccorrrvmnireand £175 (b)

PRINTERS

" EPSON
RXBOFT+ £220(a) RX80T+ £210(a)
X80 the new NLQ printer£242 (a)
FX80T£210(a) RX100+£345(a)
FX100 £430 (a)
JX80 4 Colour Printer £499 (a)
Hi80 4 Colour Plotter £399 (a)

KAGA TAXAN:
KP810:£245 (a)
DAISY WHEELS:
JUKI 6100 £310 (a)
BROTHER HR15 £315 (a)

P f
ZMheets Fanfold:
9.5" x 11" £18 (b)
14.5” x 11" 217,50 (b)
Labels: (per 1000)
3.5" x 17/16” Single row £8.25(d)
27116" x 17/16" Triple row £5.00 (d)

KP910 £339 (a)

ACCESSORIES
32K Internal Buffer Paralie} 298 (b)
EPSON
Serial Interface: 8143 £28 (c);
8148 with 2K £59 (c)
Paper Roll Holder £17 (d);
FX80 Tractor Attachment £37 (c)
Ribbons: FX/RX/MX80 £5 (d)
FX/RX/MX100£10 (d)
RX/FX80 Dust Cover £4.50 (d)
KAGA TAXAN
RS232 with 2K Buffer £85 (c)
KP810/910 Ribbon £6.00 (d)
JUKI 6100
RS232 with 2K Buffer £65 (c)
Ribbon £2.50 (d) -
Tractor Attachment £09 (a)
Sheet Feeder £180 (a)
BBC Parallel Lead €7 (d)
Serial Lead £7 (d)
BROTHER HR15
Sheet Feeder £189 (a)
Tractor Feed £889 (a)
Ribbons Carbon or Nylon £4.50 (a)

3M 5" FLOPPY DISCS

High quality dis‘cs.that offer areliable error free performancefor life. Each
discisindividually tested and guaranteed for life. Tendiscs are supplied In
a sturdy cardboard box.

40T SS DD £13 (¢) 40T DS DD £18 (c)
80T SS DD £22 (c) 80T DS DD £24 (¢)
812" discs Pack of ten £38 (¢)

DRIVE ACCESSORIES

FLOPPICLENE Disc Head Cleaning Kit with 20 disposable cleaning discs ensures continued
optimum performance of the drives
Singie Disc Cable ........ £86 (d) 10 Disc Library

Dual Disc Cable

MODEMS
- All modems listed below are BT approved

MIRACLE W82000:
The ultimate world standard modem coverall
all common CCITT standards (BELL stan-
dards outslde the UK) up to 1200 Baud. Allows
communication with virtually any oomputer
aystem in the world. The optional AUTO DIAL
and AUTO ANSWER boards enhance the oon-
siderable facialitios alread govldnd on the
modem. Mains powered £1 ? , Auto Dial
Board/Auto  Answer Board ©) each.
. (awalting BT np‘provaIASOftware lead £4.50.

W W83000 SERIE

§3000 V2123 (V21E VZSf £205 (a)
W83000 V22 (as above plus 1200 baud fall
duplesx 24958 (a)

BUZZ BOX:

This gocket slzed modem complies with v21
300/300 Baud and provides an Ideal solution
for communications between users, with malin
frame computers and bulletin boards ata veg«
economio cost. Battery or malng operated,
£62(0). Mains adaptor £8(d).

BBC to Modem data lead £7.

Ask for detalls on WS3000

TECHNOLINE VIEWDATA 8YSTEM

Using ‘Prestel typs protocols for Information
and orders phone 01-450 9764, 24 hour ser-
vice, 7 days a week.

Case £1.80(c) 30DIsc Cass.........

40 Disc Lockabie BOX ........oucerreene.. £14 (c) 100 Disc Lockable Box
MONITORS

MICROVITEC 14” RGB:

1431 Standard ResolUtion ... veevveereeeessevernens

1451 Medium Resolution.......

1441 Hi Resolution ..........cc..u....

1431 AP Std Res PAL/AUDIO....

1451 AP Med Res PAL/AUDIO..................... e £280 ()

1451 DQ3 Med Res for QL .........cceevircenireneesereens £239 (a)

Above monitors are nowavailable in plastic or metal cases,
please specify your requirement.

KAGA Super Hi Res Vision Ill RGB............... e £325 (@)
HIRE8 ViSIoN Il............co.coniisnismncsensessennneensinene £225 (@)
MONOCHROME MONITORS 12"

Kaga Green KX1201 G HI Res...........cccccnnimennncrnn.. . £99 (@)

Kaga Amber KX1201 A Hi Res........ T reennennn. £105 (@)
Sanyo Green DM8112CX Hi Res........ccucuvrrurnrennenn £90 (8)
Swivel Stand for Kaga Monochrome.................... .£21 (¢)

All monltors are supplied with leads sultable for the BBC
Computer. Spare leads available. .

ATTENTION

SPECIAL OFFER | A1otces nini doubl page advertsemant
2764-25..............£2.50 | ALLPRICES EXCLUDE VAT
27128-25 ............£5.00 | Please add carriage 50p uniess

ndicated as follows:

6264LP-15..........£6.00 | (a)¢s 2b) hw (c) £1.50 (d) £1.00

GANG OF EIGHT CONNECTOR SYSTEMS
g AMPHENOL TELEPHONE
'Ngs#gﬁgg';;‘?"' 'D-(%gt‘bﬁfgfgﬂs EDGE CONNECTORS cORNEGTORe CONNECTORS
Noof Header Recep- Ed 01" 0.156" older  ZD) 4 way plu 110p
snole afl Gvcneiei AT SINSETEoE 0! | ap TR Gl | pepenmons L O | wwew on | G usyBLS 1ess
gramming time by 80% by using manuacturere | 5 1 b 1% | 3N s = 3500 |  24wayplug : § way rLangskt P
suggested algorithma Fixed Vpp of 21 & 25 voits 26 176p  160p 240p | 2x1B-way = 140p IEEE 478p  478p 4 Wa 0p/m
and variable Vpp factory set at 12.6 voita LCD 4] (3008 [180s ga0ml ] 2% 2dwayizxen) 6 o | 2eweysn 6way 72p/m
display with alpha moving message. £305(b). B Bh b M | ExBwa sectum 2985 il I 500p _500p i oN :
2x 38-way 260p - PCE Mtg Skt Ang Pin
ncNomﬁvcrons Ixswey b T | Mwwrom  asway7eon RIBB(greylrLgee BLE
0 of Ways X [ e T m————— R T 3
protrem SRR SE T AT R |wae, ° 0 2 07 | DB, BE b [ToERpERemWGERS | R By 4%
adaptor, 2664 and 2784, Dle'?layss'12 byte page | naiig 1 20 180 230 350 e eY(S100coNN P way D type Bhway. 120p odway 800
gn _d hasaserlallandpara le| I/Ptro#tlnes. Can So?der 60 85 125 170 . Ma{e :o r';AaIe.I. ......... E}g
SOy Tl caceene Intertac on(n) |RSpaLe, 7 275 328 EURO CONNECTORS  |Femala to Femaie. ...  £10 O e = bG
Adaptor for 2764/2584. £28.00(¢c) StPin 100 140 210 380} DIN 41812 Piug Socket G 14 pin  40p 100p
Angpins 160 210 276 440 2x 32wayStPin 230p 2rp | RO 232JUMPERS | JgEn 605  1fop
UV ERASERS Sl 99 150 1e8 40|  x vl Ang 1D 3005 |2isngeetth” oo | 20D 78p -
- X wa! n «“ B ’
Al erasers with built in safety switch and mains [StHood 80 95 100 120| 3 x 32 way Ang Pin 375 400p Sinpmgssndfemale  E828 | 249 100p  150p
indlcator. . |Screw 130 150 175 - IDC Skt A+8B 400p |24 Maie Male £0.600 | - 128 pin  160p 200p:
Bw _? ee;aes::vg% Lc; ?/v ﬁ r;)m: ea; atime.... gg; g Lock . .| IDCSktA+C 400p | 24" Male Female 2 gg)so‘» 40 pin  200p  225p
W 40 erases up to 14Itgprct>|msla‘t'é time. 268 ibj ~SOCKE1;EXTOOL il Ifn ers0 'F:; gn; f’fl”éy Ap'f?:?" specify 4_Wm[)IL Q%I}‘NIIESESW 21 o g&gﬁ&g&ggmwp
. ki mele i £71(9) | 265in .00 0pn” g12 Sway 1200 10way 1505 | 6PN Vided Conaoiors00p
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7400
7401
7402
7403
7404
7405
7408
7407
7408
7409
7410
7411
7412
7413
7414
7416
7417
7420
7421
7422
7423
7425
7426
7427
7428
7430
7432
7433
7437
7438
7439
7440
7441
74428
7443A
7444
7445
74464
74474
7448
7450
7451
7453
7454
7460
7470
7472
7473
7474
7475
7476
7480
L7481
7483A
7484A
7485
7486
7489
7490A
7491
7492A
7493A
7494
7495A
7496
7497
74100
74107
74109
74110
74111
74116
74118
74119
74120
74121
74122
74123
74125
74126
74128
74132
74138
74141
74142
74143
74144
74145
74147
74148
74150
74161A
74153
74154
74156
74156
74157
74159
74180
74161
74162
74163
74164
74185
74166
74167
74170
74172
74173

55p

5p
70p

250p

270p
110p
170p
140p
175p,

70p!

R L R F P Y L E T

74181 340p
74182 140p
74184 180p
741850  180p
74180 130p
74191 130p
74192 110p
74193 118p
74194 110p
74195 80p
74196 130p
74197 110p
74198 220p
74189 220p
74221 110p
74251 100p
74259 150p
74265 380p
74273 200p
74276 140p
74278 170p
74279 %0p
74263 105p
74285 320p
74290 %0p
74203 %0p
74298 180p
74351 200p
74365A 80p
74366A 80p
7436A 80p
74367A 80p
74368A 70p
74376 160p
74390 110p
74393 112p
74430 140p
741500 24p
74L801 24p
74,802 24p
74LS03 24p
74L504 24p
74LS05 24p
74L.508 24p
74L509 24p
74L.510 24p
74LS11 24p
74LS12 24p
740813 p
74LS14 50p
74515 24p
74LS20 24p
74521 24p
741522 24p
740524 sop
74L826 24p
74,827 24p
74L828 24p
740530 24p
740832 24p
74L.833 24p
74L837 24p
74L538 24p
741540 24p
741542 s0p
74.843  150p
741847 80p
741.548 90p
740843 100p
740851 24p
741854 24p
741855 24p
74LST3A  30p
74LS74A  38p
74LS75 asp
74.S76A  38p
74LS83A  70p
74,585 5p
741586 35p
74L590 a8p
741891 %0p
740592 58p
741593 54p
74.S95B  75p
741596 s0p
74LS107  40p
745108 40p
74L5112  45p
74LS113  48p
74L8114  45p
74L8122  70p
74LS123 80p
748124/
620/1409
7408126
74,5126 sop
745132 65p
745133  S0p
74LS136  ASp
7405138 88p
74LS130  S8p
74L5145  95p
748147 178p
7405148 140p
74 8151
74L8152
7405153
74LS154
7418158
7405156
748157
74L5158

74LS160A

pi 74LS161A

75p

| 7aLs1628

74LS163A
7418184
T4LS165A
74LS166A
TALS168
74L5169
74L8170
TALS173A
74LS174
74LS175
74LS181
74,5183
745190
74L5191
74L8182
74LS183
7ALS194A
74LS195A
74LS196
7408197
745221
74L5240
7415241
7415242
7405243
7415244
74L85245
7415247
74L5248
7415249
748251
7415253
7415256
74LS257A
74LS258A
74L5259
74LS260
74L.5261
74.5266
7415273
7418279
745280
7405263
7415290
7415292
7405293
745295
7418297
7405298
7415299
7408321
7405323
7415324
7418348
7405352
74L8353
7408356
7408363
7408364
74LS365
7408366
7415367
74LS368A
7418373
74L8374
7418375
74L5377
74L8378
74L8379
7415381
74L5385
74L.5290
74L5393
74LS395A
7418399
7415445
7415465
74L5467
74LS490
7418540
7418541
7415608
7415610
74LS612
7405624
74L5626
74.5628
7408629
745640
74L.5640-1

74L5641
74L5642-1

74L5843
74L5643-1

74L5644
74L8645
74LS645-1

7415668
74LS689
74L 8670
74L5882
74L8684
74L5687
74L5588
74L5783

74500
74802
74504

78p | 74508 80p § 4063 85p
75p | 74510 80p | 4066 40p
78p | 74511 78p ) 4067 230p
110p | 74520 s0p | 4068 28p
180p | 74522 S0p | 4089 24p
130p | 74830 s0p {4070 24p
100p | 74532 80p { 4071 24p
140p | 74537 60p | 4072 24p
100p | 74538 80p | 4073 20p
78p | 74540 sop | 4075 24p
75p | 74551 45p| 4078 65p
200p | 74564 48p {4077 28p
190p | 74574 70p | 4078 250
75p | 74585 300p | 4081 24p
78p| 74586  100p| 4082 25p
80p}745112  180p| 4085 60p
80p| 745113 120p| 4088 759
75| 745114 120p| 4089 1209
75p{ 745124  300p| 4093 asp
80p} 745132 100p] 4094 $0p
80p | 745133 60p | 4095 [
90p| 745138 180p | 4096 90p
80p| 745138  180p | 4097 270p
80p| 745139 180p [ 4098 p
90p| 745140 100p | 4099 90p
90p | 745151 150p | 4501 36p
80p | 7451583  150p) 4502 55p
110p| 745157  200p | 4503 36p
110p] 745158 200p | 4504 95p
110p] 745163 300p | 4505 360p
110p| 745169  550p | 4506 90p
780745174  300p | 4507/4030
75p( 745175 320p 35p
90p| 745188  180p | 4508 120p
70p| 745189°  180p} 4510 55p
Top| 745194 300p | 4511 55p
120p| 748195  300p | 4512 s5p
75p( 745196 350p| 4513 150p
120p| 745200  4S0p | 4514 110p
60p| 745201  320p | 4515 110p
126p| 745225  520p | 4518 55p
70p| 745240 400p | 4517 220p
190p| 745241 400p] 4518 48p
80p| 745244  500p | 4519 32p
80p) 745251 250p { 46520 80p
900p| 745257  250p | 4521 115
80p| 745258  250p | 4622 80p
140p| 745260  100p | 4526 70p
80p| 745261  So0p | 4527 80p
100p| 745283  270p | 4528 85p
220p| 745287  228p | 4529 100p
370p| 745288  200p | 4531 59
300p| 745289 228p | 4532 85p
320p| 745299  550p | 4534 380p
200p| 745373 400p | 4536 250p
120p| 745374  400p | 4538 75p
120p| 745387  225p | 4539 %p
210p 4541 90p
180p 4543 70p
Bt oo es 1PN
S0p 4553 240p
sop| 4000 20p | 4565 36p
sop| 4001 24p | 4556 sop
S0p{ 4002 28p | 4557 240p
90p| 4006 70p | 4560 140p
90p| 4007 23p | 4566 140p
78p} 4008 60p | 4568 240p
130p! 4009 43p | 4569 1709
98p| 4010 60p { 4572 45p
130p| 4011 24p | 4583 9op
4850p| 4012 25p | 4584 48p
328p| 4013 38p | 4585 60p
60p! 4014 60p | 4724 150p
100p| 4015 70p | 14411 750p
100p| 4016 38p | 14412 750p
140p| 4017 55p | 14418 300p
180p | 4018 eop | 14419 260p
120p| 4019 60p | 14490 4200
120p | 4020 80p | 14495 450p
150p | 4021 60p | 14500 650p
100p | 4022 70p | 14599
100p | 4023 30p | 22100
700p | 4024 48p [ 22101
1800p | 4025 24p | 22102
1900p | 4026 80p | 40014/4584
350p | 2027 40p | 40108
228p | 4028 60p
228p| 4029 75p | 40085
125p | 4030 35p | 40097
200p | 4031 125p | 40098
4032 100p [ 40100
300p | 4033 125p 40101
150p | 4034 250p {40102
4035 70p [40103 200p
300p | 4036 70p [40104 120p
250p | 4037 110p |40105 150p
4038 100p | 40106 48p
300p | 4039 250p [40107  s8p
3850p | 4040 60p (40108 320p
200p { 4041 58p (40108 20p
4042 80p |40110 225p
400p1 4043 80p |40114
o0p| 4044 60p [40147
90p | 4045 100p |40183 1
170p | 4046 60p |40173/4067
250p | 4047 sop
350p | 4048 88p (40174
350p | 404 38p 40175
350p | 4050 38p |a0192
5 86p {40244
80p 140245
80p {40257
80p {40373
4055 80p {40374
sp [80C95
400p [80CE7
7op |80C98
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AD7581 £18 LM 38ep
1190p| LMI4CH 30p
AMTOIODC ees] LM708 up
AN103 da00p] LM710 ap
AY-1-5060  100p| LM711 100p
AY3-1360  stap| LM723 “p
AY-3.8010  489p| LMTZ5CN 200p
AY-3-8510 400p| LM733 *p
AY-3-8912 “oop| LM741 =p|
CA019A 100p|. LM747. Top.
CA3028A 110p|; LM748 Xop
CA3048 70p| LM011 A80p
CA3058 atsp| LM1014 180p
CA3060 80pj. LM1801 300p
CA30B0E 70p/, LM1830 200p
GA008 sopi| LM1871 300p
GAJ0BSE 210p|| LM1872 00p
CAJE0AQ  378p| LM1888 s80p
CA3130E o0p|| LM1880 )
CA3130T 130p || LM2917 00p
CA3140E a8p| LM3302 0p
CA3140T 100p || LMat00 T op
CA3160E sop| LM3908 100p
CAS1B1E 200p | LM30TY 190p
CA3182E 800p | LM3914 380p
CA1BOE 7Op § LMI16 40p
CAJ240E 180p | LM18 340p
CA3280G 270p | LM13600 150p
D7002 ze| M51513L 1%p
DAC1406-3  300p | M51516L as0p
DAC0800 S00p | MB3712 $00p
DAC0808 005 | MC1310P 180p
DG30s 300p| MC1413 Tt
HA1388 190p | MC1458 a8p
L7108 878p | MC14a5L 00p
ICL7611 98p | MC1406 op
cL7650 4oop | MC330P 200p
ICL7660 280p | MC3401 b d
1CLB038 aoop | MC3403 “p
ICM72168 222 | MF10CN 00p
IcM7217 780p | MKS0240 $00p
ICMT7565 90p | MK50396 T80p
ICM7858 140p | MLE20 800p
LC7120 300p | ML822 400p
LCT130 300p | MME221A 300p
LCT137 350p | NES3t 120
LF347 120p | NES44 1%0p
LF38% 0p | NE5S5 0y
LF353 90p | NESSS 0p
LF355 #0p | NESG4 400p
LF358N 110p | NE585 120p
LF357 100p | NESE8 150p
LM10G 4B0p | NESE7 1280
LMA01A 30p | NESTO 400p
LM307 agp | NEST1 Wop
LM308CN 78p | NESO2 op
LM310 228p | NES632P 180p
LM311 e0p | NESS33P 100p
a8 150p | NES5334P 120p
LM319 100p | NESS34AP  180p
LMa24 a8p | OPOTEP s00p
LM334Z 118p | PLLO2A 800p
LM3357 130p | RC4136 5o
LM338 1e0p | RC4161 2000
LM338 a0p | RCA558 s8p
LM348 o0p | 55668 220p
LM3seP 80p | SAA1800 216
LM77 300p | SFFO6384 so0p
LM380N-8 180p | SL490 200p
LM380 180p | BN78033N 300y
LM3B1AN 170p | SN78489 400p
LM3s? 200p | SN76495 400p
LM383 328 | BPO28BAL2  700p
LM384 220 | TA7120 1209
LM38BN-1 100p | TA7130 140p
LMag? 270p | TAT204 180p
LM38S 190p | TA7208 0p
LM3g1 190p | TA7222 180p
LM392N 1op | TAT310 ¢ 1s0p
FIXED PLASTIC
1A +ve
5V 7805
v
LM323L 5V
78HOSKC 6A 5V
78H12 5A 12v
78P05 10A 5V
Variable ators
LM305AM
LM317T T0-220
TO3
10A+VAR
10A+VAR
S5A+VAR
SA+VAR
1A4VAR
1A+VAR

§

T

]

I

i

3§§§§§§

§

8§ &3s8s888

il

TP H T PP T FEF T T P T PO F TTTTEINT

sgaillal 5
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COMPUTER COMPONENTS =

280CTC 250
280ACTC  778p GENERATORS

Electrically  pro-
grammable and

1802CE  850p | erasable PROMS
2650A  1080p| 2816-30 €18
6502 480p | 9306 as0p u
85024
] crove | B ™ croonno
65028 00p TMS9902  B0Op
6800 250p | 26164+5v  350p 290p | ZBODMA  T00p |AY 8 2378 118dp
6802 00p | 2516-35  S80p 190p | ZBOADMA 780 (AY 6 3600 780p
88032 £12) 2532 as0p 180p | ZBOASIO-0/1/2
6809 850p | 2532-30  BEOP 10pi /9
o 210 floses 500p op ' BAUD RATE
£ SR oo oo QENERATORS
€8BOSE  £12) 2716+5v  360p 120p
68000-LE  £36{ 2716-35  880p »0p
8035 350p | 2732 as0p 160
8039 420p| 27324-2 9009 1209
20C39  T00p| 2732A-35 S0P 140p
8080A  420p( 278425  200p 140p
B0BSA  M0p | 27C64-25  £10 140p
500p 140p
800p 1200
s00p | 7" 120p
220p
S00p
380p
400p
00p

(OMOS 280}

MCBB458P

I H

850p
850p

] MCB847 70p
_SUPPORT  [PYvoNviinas 4 180
VICES TMS9918 €15 s5p
T™MSP928  £10 1::
£12 28 1600 |,
! 1 Y
m INTERFACE: 1:: iﬁ: 2
300p iCs 120p 280 X
As0p | ADSS8CY  778p 120p 00p |-
880p | AD561S £20 120l o422 gs0p)S;
as0p | AD7581 £18 140p | oo oo #oop ]
s80p | ADCDS0S  1190p 140p -
150p | AM26S10  350p bpsd mOMS/PROMS aop
280p | AM251.52521 140p - o
£12.80 3s0p 300p | o9 2p 000 |4 1000
8840 a75p | AM25L82538 300p 24510 280p [ 2500
63840 #00p 160p 200p | 2000
6850 160p | AM26LS31 180p 200 oo
68850 80 - Il < 190p 190p g, 7
6852 260p | AM26LS32 380p horad x
6854 S0p 120p 350p 10p o
£8B54 #00p | D7002 ] 600p 20
6875 500p | DACB0-CB1-V asop 1500 175p
8154 us0p £28} ZN 210p Bye 180p
8156 380p | DMB131  600p 900p 17%p
8156 380p | DPB3D4  380p. 300p 280p
8205 228p| DS3691  380p s00p § 180p
8212 200p| DS8830  140p POA Y 200p
8216 “180p | DSBB31  180p ©29 180p
8224 s00p | DSES32  180p £ 175p
8226 428p| DSBS33  208p 80p 160p
8228 s50p| DSB835  200p as0p 280p
8243 280p | DSB836  160p 0p 200p
8250 950p 22sp 3] 200p
8251A nsp o0p £ 1rp
8253056  380p| M s0p 500p :Mp
8265AC-5 250p 800p ‘::
220p 450p 1
8256 £18 a78p) i
825765 400 950p (6t 8p
e W % Z80BPIO WD2143  £12{ PXO1000 €12

TELETEXT
DECODER

700p
£16

900p

We aiso stock a large
range of Transistors,
Diodes, Bridge Rectifiers
Triacs Plastic, Thyristors
and Zeners. Please call for
detalls.

C6818P
MMB58174AN
MSME832RS

350

SAA5030
SAAS5041
SAA5050

DL707 Red
FND357
FNDS00/TILT30
FNDSOT/TIL728
MANT4DL704
MAN71/DL707
MAN3640

TIL730

MANBS10
TiL78
TIL81 120p

18pin 40p
20pin  4Sp
22pin 50p
24pin | 5%
28 pin  85p
16 pin 40pin  90p

PLEASE NOTE

g

?§$§§ 8

Flad Array(10)
MV54164 Green
Amay (10) 22%p
Rect Lods

RGY 30p

Componen( DI‘ICBS are sub;ec\ 453 change

vmhout ‘notice. " you do not find your com-
cnentrequirement listad in our advertise

‘mant please:. phore .us. -Our slock 15 .

constsn(ly updated.

For gasl, efhasnlsndcompamwn <erwce B

call Technomatic.

&’l‘mmm ) 100p
T,
TIL220Red 18p

2816-30 2KX8 9306 256 bits
g6 (16X16)] £4.50

PLEASE ADD 505 p&p & 15%
(Export 00, VAT, p&p at Cosl)

List on request.
3 ov.k items arc normall by return of post
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READ/WRIT

Holey Filing System
Dear Sir,

It is now over a year since |
submitted an item for your Tech
Tips feature. I can only presume it
is.among the lost. I shall not
moan on about not hearing from
you, etc — let him with the
perfect filing system cast the first
stone. But please, please, let me
hear from you soon. | can even
take a rejection letter. Of course,
I would much rather take a
cheque for | am only a poor
preacher (as you would realise if
you had heard me).

Yours sincerely,

Alan Sharp (Rev.)

Aberdeen

Fear not, Reverend Alan, for that
which was lost has been found and is
even now among the chosen, in that
heavenly place which men doth call
the ETI Tech Tips feature. And great
shall be your reward (well, almost) for
your name is written in the book (in
our accounts department) and a small
slice of mammon will shortly be
winging its way to you.

Thinking Along The Right
Lines

Dear Sir,

Further to the article Trains of
Thought in the September issue,
I find Roger Amos’ dual controller
intriguing.

I'would like to experiment
along these lines and would
appreciate a sight of his circuit,
Perhaps we could have a further
article on the subject?.

Yours faithfully

.C.W. Davies

Cardiff

¥m sure a lot of readers would
like to experiment along these lines,
so as soon as we track down Roger
we'll pass on your comments.

Some Cases For john
Linsley Hood

Dear Sir,
I read Dr P.A. Joiners letter in
the August edition of ETI with
reat interest, because | have
een trying since February to get
a copy of Newrad’s well
advertised catalogue.

16

I have written on three
seperate occasions sending a
large stamped addressed
envelope as instructed. | have
also made countless phone calls
only to be answered by a phone
answering system. I left my name
and address and a message. On
one occasion the phone was
actually answered by a human
being and I was told “ our
catalogues are being printed and
you will receive one in two

weeks” that was two months ago.

Do these people want any
customers?
Yours faithfully
M.B. Blight
Basingstoke

Dear Sir.

| greatly enjoyed reading john
Linsley Hood'’s constructional
series on his 80W amplifier
design. However, for those of us
who can’t afford to build this
design (or who do not require
the power output), would it not
be possible to persuade him to
resurrect and up-date his simple
Class-A design?

If the design could be uprated
to 15 or 20 watts and the high
sensitivity input of the 80W
design retained, life would be
wonderful.

Yours faithfully

Colin Shelbourn

Windermere

The Class A amplifier (a design
which was not originally I‘)ublis edin
this magazine, incidentally) would
require significant modification
betore it could offer the sort of
power levels you are talking about
and even then the increase in volume
level would be negligible. We will
pass your comments on to JLLH, of
course, but he may not have much
time to consider them since he is
busy working on his next ETI design!

Dear Sir,

I have recently built the
Linsley Hood 80 watt amplifier,
not from a kit but by etching my
own boards and buying in
components from suitable
suppliers. | am generally pleased
with the results and can confirm
the claims for the quality of the

' sound. The treble is more open
. and free from the ‘tinselly’ sound

of my previous amplifier, and the

« overall sound is more detailed.

I do feel that | must take issue
with Mr Linsley Hood on his
choice of input sensitivity. The
amplifier seems to be too
sensitive and | have found it
impossible to get rid of the hum
induced from the input leads. |
feel certain that this problem
could be overcome by reducing
the sensitivity to 774mV into

"600R for full output.

I have tried to do this using a
potential divider at the input in
place of the volume control (I
have a volume control in my pre-
amplifier) but the hum problem
remains. The most obvious
solution would be to increase the
negative feedback but | do not
have the experience to do this.
Would it be possible to prevail
Uf)on the designer to produce an
alternative input arrangement,
with a sensitivity tailored to
774mV at 600R?

I think that, if you consider
the sources available today, this
is a more realistic input
requirement. Compact disc
players have a standard output of
about 2 volts, and | am sure that
anybody who has one will agree
that they are the highest quality
source available. Radio sources
can quite easily be amplified up
to the level, and with the passage
of time we may well see tuners
produced which match the
output of CD. The poor old vinyl
disc section won't suffer from a
bit of extra amplification, the
quality being so obviously inferior
anyway!

Yours faithfully

D.l. Field

Bath

It seems unlikely that hum

. problems should arise from JLLH's

choice of input sensitivity and
impedance. After all, if the input is
too sensitive, simply turn the volume
control down. If you still suffer from
hum problems when the system is
used at normal listening levels, the
problem is not one of excessive
sensitivity.

Too high an impedance can lead
to hum pick-up, but the Audio Design
amplifier has input impedances of

- approximately 47k into the disc stage

and 100k into the main buffer stage,
and both of these figures are perfectly
standard. The 600R professional
standard does have distinct
advantages in the electronically noisy
environment of a stage or recording
studio (particularly when, as is usual,

ETI OCTOBER 1985



the lines are also balanced to ground),
but its advantages in a domestic
environment are minimal and
changing to the system is most
unlikely to cure your hum problem.
And even were a change of input
impedance and reduced sensitivity
likely to produce a solution,
increasing the negative feedback
would not be the best way of going
about it. Changing the level oF
negative feedback in a carefully
designed amﬂlifier is guaranteed to
have far-reaching and almost certainly
unpleasant effects.

It seems more probable that your
problem is caused by a hum loop or
some similar wiring problem. If in
doubt, why not send our Auntie Static
a few more details of the problem
with a diagram of the present wiring
arrangements?

International Electronics

Dear Sir,

Greetings to all Electronics
Today magazine staff. Please
allow me to say something about
myself. My name is Rodne
Dulce and I’'m 16 years old. I'm
studying to be an electronics
technician here in the Philippines.

| really like to read Electronics
Today because it helps me with
the school work. | have used the
magazine as a reference for my
school assignments and |
consider it to be the best of its
kind. It's very educational.

Unfortunately, most of the
copies of ETI that | see are long
out of date and are onl
borrowed. | would realry like to
have my own copy each month
but I just cannot afford to buy it.
My country has been facing an
economic crisis for more than a
year now and we are great!
affected by it. | don’t even have
enough to spend on basic needs
and am just hoping that | can
continue to attend the school.

The reason | am writing to you
is that | would like to ask a
favour. If possible | would like to
have some back numbers of your
magazine because | believe they
would really help me. Even better
would be to have a free
subscription. I'm really ashamed
at having to ask this but | do
believe your magazine could help
me a lot. | ask for your kindness
and understanding.

FEATURE

Thank you so much and all
power to the magazine.

Very respectfully yours,

Rodney Dulce

Cebu City

Philippines

We have sent a parcel of back
issues off to Rodney, but we are
unable to help him with a free
subscription. As you mi%ht imagine,
we get a lot of requests for such :
favours and we cannot afford to help
all of them, nor have we the time or
the ability to determine which are
deserving cases and which are not.

Instead, it occurred to us that
some of our readers might like to
help. If anyone is interested in writing
to Rodney and sending him their old
copies on a regular basis, we would
like to hear from them. It might be
best if a group of individuals got
together, or perhaps an electronics
class in a school or college, and
shared the postage costs.

Rather than risk having Rodney
buried under a mountain of letters
which he might then feel obliged to
reply to, we have not printed his
address but ask readers to write to us
in the first instance. We will then sort
through the responses and pass on
his address to those who seem best
placed to help him. — Ed.

NEWRAD INSTRUMENT CASES LTD
Unit 19, Industrial Estate, Gore Road

- New Milton, Hants BH25 6SJ
Tel: New Milton 0425 621195’

HEIGHT DEPTH  PRICE

19 inch Rack Mounting enclosures
complete with chassis and top and bot-
tom covers. Front, Side and Rear panels
are aluminium and fiat for easy machin-
ing. These panels are located with
heavy duty aluminium extrusions.
Front and Rear panels are satin ano-
dised. Covers are finished in cream.

1U
1U

4 heights and depths of 400mm are|
available in minimum quantities of 10.

PRICES ARE EXCLUSIVE OF VAT. P&P £2.50.

250 £18.84
300 21.35
250 22.05

AL 1540 - At 15W/8ohm medium power module
ggg gggg c\(::'?arsgrr:trl‘gg Z%Y:&}l.)éd protection. Operating
30 27.99

Please call or write:

.02%.

£3.85 + VAT

‘ £4.15 + VAT

AL 2550 (AL60) - Compact.25W/8ohm module for
domestic applications with a distortian figure of
.06%, operating voltage range 28-50V.

Q.u.ss + VAT

AL 5070 {AL120) - Top class 50W'8ohm module
with self-contained heat sink and built-in
protection circuitry, produces really 1st class
sound with a distortion leve! at an incredible

£12.45 + VAT

AUDIO MODULES AT THE LOWEST PRICES
S Now Distributed by Riscomp .
POWER AMPLIFIERS

AL 1030 (AL30) - Low cost genaral purpose 10W/
8ohm module, supply voltage range 18-30V.

PRE-AMPLIFIERS & MIXERS
PA 207 - A quality sterao pre-amplifier and tone
control unit suitable for driving any of the above
amplifiers. Operates from a supply rail of 40-70V.

£13.95 + VAT

MM 100 - 3 input mixer featuring individual level
controls, master volume, treble & base controls,
with inputs for microphone, magnetic pick-up
and tape or second pick-up {selectable). Operates
from 45-70V. J

" £12.40 + VAT

MM 100G - As MM 100 except inputs are for 2
guitar + microphone. £12.40 + VAT

POWER SUPPLY

SPMS0/45/55/65 - A stabiliser module available
in 3 voltages, 45/55 & 65V providing a stabilised
output of up to 2A and providing a superior
performance especially with the higher power
audio modules. {Requires an appropriate

SME Limited, Steyning, Sussex, BN4 3GY
Telephone: 0903 814321 Telex: 877808 G

precision pick-up arms

ETI OCTOBER 1985

AL 12580 (AL250) - A rugged tap of the range
module providing output powers of up to 125W
into 4ohms which employs 4 heavy duty output
transistors to ensure a stable and reliable
performance. Currently used in disco units, public
address systems, juka boxes and even domestic

i £14.70 + VAT

Order by post, order b; ‘phone E

. . Add 15% V. A T. to all prices - .

‘UK. orders and 70p post & packing -

Export orders -'post & packing stcost .

transformer + reservoir capacitor).

 £6.85 + VAT

comprehensive Data Sheet.

’ All modules supplied with a ’

RISCOMP 350 Rissorouan.

BUCKS | Dept £T1 25 |
; LiMiTED Tel: (oédmeazs
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READ/WRITE

Remembering that today’s bog
: EM.CORNER 2rt, enintedten Jeart agh wulg
AUNTIE STATIC'S PROBL e have fogund relays \);ery trogublesom'e.
One answer that seems to have been
used V\;ats t:)happlyta DtC ’wsttting’
current to the contacts and to
Dear Auntie, rather high. Would using superimpose the audio signal on top
| am at present building a hi-fi individual FETs or DIL relays be of this. You can imagine tﬁe thumps
pre-amplifier which | hope to more advantageous? and other noises that would be heard
make remote-controllable, using 2) Can you suggest an from the speakers any time the relar
the Plessey ML920 remote appropriate IC to decode the 5- contactso gretlotclosed; phaally
control receiver. Since | would bit binary program selection enoiu :vehays wergb ense r: ty
like the amplifier to be the hi-est output of the M1920? _ ia::teaed of k:';gi?uss:npev'vit; T
of fi | would appreciate your . 3) Is the Mullard TDA1074 of technology, the idea that relays are
advice on the following: high enough quality to be used no good Fgr audio systems has
. 1) What would be the best as a volume and balance control? entered hi-fi mythology as a rule to
means of input selection? | had Yours sincerely. be followed come what may.
thought of using a pair of David Tilch, _1 am assured that a modern sealed
LM1037 audio switches, but the Sandton, :ﬁla'atyh:;“t:epgsfilg;‘isg:leedt?!)fg?gt:aclts
e = :
specified THD of 0.04% seems South Africa | sWitchir'l‘g is as good as, and often
Your letter raises all kinds of return to the best means of input ?ﬁ;ﬁ':r: :’v:?ul:-:lztyast ﬁosx:ches.
interesting questions. On your first switching. As it happens, the i detmanding applications such as
point, | can’t tell you whether or not distortion figures forAWe"ENATT oo 4 v:\\.‘.'- ocouple switching where the
a THD figure of 0.04% will be suitable fairly constant fro 02 REaulis likely to be a few mV at
for your purposes — that is foryouto | 100kHz, and fouin ' 2 0tioN ‘) of a uA and no thermal
decide — but a few general RMS to 5V RMS. For good signal-tox, -73.\\*;4‘ the relay’s own contact
comments may help you to make up noise figures/very small signals from matetialtan be tolerated. In a
your mind. record cartyidges and'y ; nutg !‘\"} jou buy any old relay the
If you look at the data sheet for of course; he gmplffi g h: 3 J&% you'll have problems. If
the LM107 you will find that 0.04% is applied tg'thi§ switch, ; pu Buy &ne designed for signal
a ’txpical' distortion figure measured The L1087 ig a bi Ch, W fyau won't,
with a 1kHz 1V RMS input-signal. the circuif sciematic i . Now to yolir second question.
Now, we all know that audio 1t consjsis'ota lopg-tail ThelML920 is pne of a series of
components tend to perform better input, the switaliingheing ==rerfiote-ganisdl ICs from Plessey. The

turning the tail curren®sot
off. Youim

towards the middle of the audio

transpaitter, SL490, responds to a
frequency range than at either end — gt (EER

switch matrix by generating one of

distortion at 10Hz or 10kHz could better distortion figures b 32 pdssible output codes according
well be much higher — but ‘ FETs, or the type of analggme switch_ to tgn ¢ switch pressed. These codes
something even more misleading has consisting of FETs and switching logic are transmitted via an infra-red or
crept in. What on earth is a typical all in one package. The r '

distortion? If you buy an LM1037, can will achieve with this typ

you be sure that the distortion will be will depend a
0.004% even at 1kHz? No, of course skills as or
you can’t

Look again at the data and you'll
find a maximum distortianfigure of
0.1% quoted (again at;

ts you ultraspnic link,
device Attthe receiving end, the ML920

uch on yolir design is angof a number of possible
device itsetf'as the

; ?Rv Rrogram selection’ refers

0] y . ’
B Uepends toagreat— b ‘!r D by the way, as these
(s are oigise in TV remote

w it will interact with Csiafe e
ireui ot pateyou can get

\‘\\ itis generally frowngd | M (f(?:{f#

RMhS)ifThis i;a etter fig D nnecessary a 5¢hit b|h gtlec
with. If you design anfanty of witching i Epa the switch présse
expecting results basegl an A Tigt P an@ddios ig ',;' B ah-bit code, t
the chances are you'll do {ha where-gesighers sct d some confe
you expected, but if yol1is ‘ eir owfi p ori #L922), aNll various
g'pica figure you couldes} \ e.of differe _ : omhbin;
isappointed. It is just a fEani thall te | putputs.
number which helps the manofacturer” |  atte Any furthl deco
to sell ICs. There is not even a i) s isd g ! ! depend on th@ detz
standard way of calculatini’typica g8 - The digital outputs\a
performance figures. Is it the mean &t; ense - d compatible (b@t no§TTL) 50 an
a batch of measurements? The | al.-After speaking ICs can be usefl. Yo mnﬁ'o ;
median? Or just a figure chosen a i to ten line dec@der ulefudWith the

engineers, the picture seams to
like this. First of all, new relays ddn’t
cause problems. If you use chea
cheerful relays, however, odd this
san happen as they age. Silver

rbandom? | know where I’d place iy
ets.

You man think I’'m rather
labouring the point, but ‘typical’
performance figures are creeping in

ML922, for inskance. T can’t really be
more specific than that.

o’ Now for thé TDA1074. Not having
any data o€ I1C, | did the obvious
things#@ phoned Mullard. The

all over the place, so be on your con een:end up with a coating of sfdimed that it is indeed suitable for
guard! Engineers will always work silver sulphid¢ a Isealed type fii-fi, and since they were honest
with worst case figures — if they can will gatheg dnist And @hkinds oT'g enough to say that some of their
achieve their aims on that basis, any from. the“atthosphereon their f~oher 1Cs were not up to the mark,
additional performance is a bonus. c ts. The.result is that if very / ﬂ iPmay choose to believe them.
Takinf ‘typical’ figures is just taking a J s are applied, the contddf! «Otherwise, | suggest you get hold of
gamble on whether or not the { canrectify to some extent, afi a data sheet and judge for yourself —
equipment will ﬁerform adequately. have a high resistance, or g§&t Auntie,

Having got that off my chest I will .| conduct at all. ETI
18 ' ETI OCTOBER 1985
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' ‘v HARDWARE

A SOFTWARE
MDEX disc O/S + BASIC £95 -
MDEX Professional Dev. Sys. £275
CORTEX POWER-BASIC disc extensions ; £43
MDEX Extensicns
Editor £35
Relocating Assembiler/linker £35
FORTH — screen editor, assembler £55

— graphics — better than BASIC £35
PASCAL — by Pre Brinch Hansen £35
QBASIC — fast BASIC compiler £150
UCSD Pascal, SPL, META, WINDOW, SPELL
CORTEX tape software
Pengo — fast machine code action £6
Golf — excellent animation £6
Micropede — rampant caterpillar £6
Space Bugs, Pontoon, Breakout each £6
Cassette/CDOS word processor £13
Add £2 for software on CDOS disc
Disc Drives
80 track double-sided double-density £190
40 track single-sided doubie density £120
E-BUS Floppy/Winchester Controller £135
E-BUS 64/128 Kbytes DRAM card £145/£245
E-BUS Joystick * centronics blakcboard £13
80*24 Character video blank card £48
State disc format and add VAT to all prices

MICRO PROCESSOR ENG LTD

21 HANLEY ROAD SHIRLEY

SOUTHAMPTON P

SO1 5AP

TEL: 0703 775482 )

01-405 4017

adults have been helped
toread and write better.

If you want help look for

"FREE CAREER BOOKLET

Train for success, for a better job, better pay!
Enjoy all the advantages of an ICS Diploma Course, training you
ready for a new, higher paid, more exciting career.

Learn in your own home, in your own time, at your own pace,
through ICS home study, used by over 8 million already!

Look at the wide range of opportunities awaiting you. Whatever
your interest or skill, there's an ICS Diploma Course there for
you to use.

Send for your FREE CAREER BOOKLET today — at no cost or
: obligation at ail.

—— — S —— ——— N -mEE EE——— — ————

' choose from over 40
GCE ‘0" and ‘A’ ievel subjects. r_—l
COMPUTER ' CAR
PROGRAMMING [ | MECHANICS O
BOOK-KEEPING & INTERIOR
ACCOUNTANCY DESIGN Ul
POLICE HOTEL
ENTRANCE []]MANAGEMENT (I
COMMERCIAL
ELECTRONICS 01| ARt O

Please send FREE DETAILS for the courses ticked above.

Name
Address
; P. Code
Dept. EBSAS, 312/314 High Street, sutton,
surrey SM1 1PR. Tel: 01-643 9568/9 or
041-221 2926 (both 24 hours) J

fiting

this sign.
For further information

Adult Literacy & Basic Skills Unit

PO Box 213 London WCIV 7ET
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THE REAL
COMPO

ENT

John Linsley Hood brings his series to a close with a look at .

digital logic ICs.

he world of electronics is becoming dominated,
T increasingly, by digital devices and techniques. |

suspect that some of my fellow electronics
engineers, brought up in a far off time when all things
were — more or less — linear, feel a little like
medieval knights, beleaguered in their castles and
surrounded by a sea of advancing black plastic
caterpillars.

For myself, | do not complain. There seems
nowadays to be a certain scarcity value in understand-
ing how to handle signals that change gradually and
irregularly from one voltage to another. However, |
think that it is essential to understand the competi-
tion, if only so that it may be made to work for oneself
as well. One can, even, make digital ICs function in a
linear mode — not marvellously, perhaps, but they are
certainly inexpensive. Such are the economies of scale
for devices made in very large numbers.

However, to begin at the beginning.

Evolution

From their earliest days — and | can remember
when a logic gate was a flip-flop made up from a 65N7
valve — the desirable qualities of logic gates have
been the same. A good gate should operate at high
speed, have low current consumption and power

issipation, a good speed/power product, the ability
to source and sink a reasonable amount of current,
equality of output rise and fall times, good fan-out

(the ability to drive many other similar gates), low"

noise susceptibility, and low noise generation. They
should also be cheap!

Resistor-transistor logic (RTL) was one of the
earliest forms of IC logic element and derived from
the:days when such devices were hard wired from
discrete components. RTL ICs were created by the
simple process of transferring the whole circuit on to
the surface of a silicon slice. | have shown a typical
circuit block which will operate as a 3-input NOR
gate in Fig. 1. :

The snags are that it is slow, has poor input noise
immunity in the sense of being able to decide when
the input signal is a 0 and when itis a 1, and the on-chip
resistors are of such a value that they occupy a large
chip area. This is now an obsolete system.

Diode-transistor logic (DTL) represents an
improvement over RTL in that the number of resistors
has been reduced and the input signal selection is
performed by diodes, which don’t occupy nearly as
-much space on the chip.

20

- +VE
R4
— —0O OUTPUT
> ov'
R3§
3

Fig. 1 A three input NOR gate using RTL (resistor-transistor

SYMBOL

INPUTS

logic) circuitry.

A typical 3-input NOR gate circuit of this type is
shown in Fig. 2.

This style of logic gate is still pretty slow and ineffi-
cient in terms of power consumed. This is because the
maximum pull-up speed at the output, referred to in
the data books as T, is limited by the presence of
inevitable output stray (PCB) capacitances, usually in
the range 15-50pF. Their effect can be minimised by
making R3 very small, but this uses a lot of current in
the ‘on’ condition. They do have a reasonable noise

Q OUTPUT

1
INPUTS {2 0
3C

Fig. 2 A three input NOR gate using DTL (diode-transistor

v

logic) circuitry.

immunity, however, and although obsolescent are still
available for direct replacement purposes.

High noise immunity logic (HNIL) is also known as
high threshold logic (or HTL), and is of the form shown
in Fig. 3. This is a version of DTL in which the input ‘on’
threshold has been lifted by the inclusion of the zener
diode, ZD1. Since there are better ways of achieving
the threshold requirement, this type of circuit is also
obsolete.

Transistor-transistor logic (TTL) in its 54 (military

ETI OCTOBER 1985
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+VE

OuUTPUT

1
INPUT§ < 20
3

Fig. 3 A three input NOR gate using HNIL (high noise

immunity logic) circuitry.

temperature range) and 74 (commercial temperature

range) versions, is, or was, the mainstay of low complex- |

ity logic I1Cs. | have shown a typical circuit, again fora 3-
input NOR gate, in Fig. 4.

This is quite fast, and avoids the use of an output
transistor collector load resistor (R4 in Fig. 1 or R3 in
Fig. 2) by replacing it with another transistor (Q3). The
output stage has what is described as a totem pole
layout, in which, when Q2 is on, Q4 is on and Q3 is
off. The only reason R4 is there at all is because the
output has to charge stray capacitance in the load and
also because, for hole storage reasons, Q4 can be

INPUTS

i

= w- e == CIRCUIT ADDITIONS FOR TRI-STATE CONTROL

Fig. 4 A three input NOR gate using contemporary TTL
(transistor-transistor logic) circuitry.

turned on very much faster than Q3 can be turned off.

Therefore, in the absence of R4, the peak current
on switching transitions could be verK high, which
would lead to very high dissipations. This brings one
immediately up against the fact that there has to be a
trade-off between speed and dissipation, and leads to
the manufacturers offering several alternative logic
forms for different applications. For example, tie
74HOO0 series offers higher speed than the standard
7400 series but has higher current consumption.

Schottky TTL

This is a modification to the standard TTL circuit
which includes a Schottky diode, based on a metal-
silicon junction of the type shown in Fig. 5, connected

e GOLD BEAD
— e THIN NiCr METAL LAYER

{ f———-5i0, PASSIVATION

s e 7 1

Fig. 5 Cross-section through a Schottky (metal
semiconductor) diode.

ETI OCTOBER 1985

between the case and collector junctions of each of

the TTL transistors. This has the effect of greatly
speeding uﬁ the switching times by eliminating hole
?:t.orzge in the transistors. The process is illustrated in
ig. 6.

‘When a bipolar junction transistor is driven very
hard into conduction, the collector voltage will fall to
a very low forward value which is normally much
below the voltage actually applied to the base junc-
tion. In this condition, the transistor is said to be
driven into saturation. Its recovery time, the amount of

1V -

SCHOTTKY DIODE
CLAMPING LEVEL

SATURATION REGION
0

COLLECTOR VOLTAGE

A

v
BASE VOLTAGE

Fig. 6 The relationship between base-emitter voltage and
collector-emitter voltage in a switching transistor.

time it will take to turn off again, is limited by the
need for the electron-hole pairs generated in the
depletion region to recombine or be swept out of the
junction zone.

This process is greatly assisted by the inclusion of
the Schottky diode, as shown in Fig. 7. The diode is
very fast in operation, and has a forward voltage in the
‘on’ state which can be as low as 0.2V. This means that
if the transistor of Fig. 7 is turned on by a positive
input signal and if the collector voltage seeks to fall
0.2V lower than the applied base potential, the
Schottky diode will conduct and feed the base drive
current straight through to the collector which pre-
vents the transistor from saturating. Also, while the

SCHOTTKY
DIOOE

&)

CIRCUIT
SYMBOL

Fig. 7 A Schottky diode clamped transistor and its circuit
symbol.

diode is conducting in the brief period after turn-off, it
prr‘ovides a low impedance return path for the stored
charge.

Emitter Coupled Logic

ECL takes the form shown in Fig. 8, and is the
fastest commercially available logic system. The out-
put signals are taken from the emitters of transistors
and developed across relatively low value emitter
resistors.

Because the transistors act as emitter followers
they are, by definition, non-saturating. In addition,
because the output impedance of an emitter follower
is very low as a result of the internal negative feed-’
back, the switching transition times are very fast.
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4 < OR
QUTPUTS
&——O NOR

%HG %R7
INPUTS

Fig. 8 A three input OR/NOR gate using ECL (emitter-
coupled logic) circuitry. .

—VE

Its disadvantages are its relatively slow switching
speed and its susceptibility to unwanted signal pick-
up due to its high input impedance gate characteris-
tics. However, unless you are in the world of main-
frame computers, its relatively slow propagation
speed is unlikely to be a major problem. The CMOS
gate inputs are, however, a little static sensitive,
though often the makers protect them by the incor-
poration of the diodes D1-4 shown in Fig. 12.

In the 18 or so years since these devices became
available, | do not know that | have ever damaged one:
by careless handlinﬁ—— though | wouldn’t go so far as
to say that none have ever given up the struggle
bécause | inadvertently wired them up in some par-
ticularly idiotic fashion.

In the particular circuit shown, a 3-input OR/NOR,
the input transistors Q1-3 act with Q4 as an input
long-tailed pair, in which, if the input goes positive,
Q1-3 collectors will fall in potential and that of Q4
will rise. Q5 and diodes D1-2 just act to hold the base
of Q4 at a fixed potential. It is fairly typical of ECL that
both inverting and non-inverting outputs are
provided.

ECL also has the distinction of being the logic
system which uses the largest amount of power per
gate of all the normal t\ﬁpes, and also requires a nega-
tivepowerSlg)Blyline.T e symbol forthis type of logicis
distinguished by the arrows on input and output, as
shown in Fig. 9. The commonly used logic units have
the symbols shown in Fig, 10. ;

Complementary MOS

CMOS is one of the most useful and versatile of all
the logic types, and is as much liked by the manufac-
turers as it is by me. One of its advantages is a very
high input impedance, which means that there are no

2-INPUT 3-INPUT 4-INPUT 2-INPUT 3-INPUT 4-INPUT

AND GATES

OUTPUT LOW UNLESS
ALL INPUTS ARE HIGH

NAND GATES

QUTPUT HIGH UNLESS
ALL INPUTS ARE HIGH

1>-3>-3 > >3 >3 >

2-INPUT 3-INPUT 4-INPUT 2-INPUT 3-INPUT 4-INPUT

OR GATES

DUTPUT HIGH IF ANY
INPUTS ARE HIGH

IN : oUT N i : ouT IN 1: ouT

NON-INVERTING INVERTING INVERTING
SCHMITT

NOR GATES

OUTPUT LOW IF ANY
INPUTS ARE HIGH

oL o—

EXCLUSIVE OR

QUTPUT HIGH WHEN DNE
INPUT ONLY IS HIGH

BUFFER GATES
Fig. 10 Standard symbols for logic gates. More complex
digital devices such as flip-flops, counters, registers, etc are
shown as rectangular boxes.

OUTPUTS
1 INVERTING
INPUTS 2
3 NON-INVERTING
(3 INPUT OR/NOR}

Fig. 9 The circuit symbol for an ECL three input OR/NOR
gate.

problems over input drive capability from other logic
elements or from outside signal sources. It requires
very little operating power — static values of the order
of 0.01uW/gate are quoted — and it is also quite
tolerant about the supply line voltage. It will accept a
supply anywhere in the range +3V to +15V, and |
have occasionally had circuits survive careless applica-
tion of 20-25V!

As with any other logic IC, it is prudent to lessen
the possibility of unwanted gate triggering from
spurious voltage spikes on the DC supply lines. This is

one by liberally strewing small? non-inductive
capacitors (ceramic disc or similar) along the +ve rail
to decouple this to the ground plane, as close as
possible to the supply input to the IC.

Its popularity with the manufacturers is due to the
fact that CMQOS gates are very easy to fabricate, and
use nothing other than P-channel and N-channel MOS
transistors. No diodes, no zeners, no resistors! As an
example | have shown a simple inverter stage in Fig,
11, and a 2-input NOR in Fig. 12.

22

Construction Methods

To illustrate the advantage of the CMOS structure, |
have shown in Fig. 13a some cross sections of a
bipolar IC (eg. TTL), showing three of the various cir-
cuit elements. At least nine of these would probably
be needed to make a functioning gate. In Fig. 13b, for
comparison, | have shown the cross section of a com-
plete CMOS inverting buffer,

The more elements there are in an IC, the largher
the chip area and the more costly it will be. Also, the
more complex the IC is, the greater will be the failure
rate for that IC type. Because of this it is understand-
able that a lot of effort has been put into developing
further the simple and compact CMOS structure,
which gives good yields and high profits.

+VE

P.CHANNEL MOS

INPUT Oty <) OUTPUT

N-CHANNEL MOS

o

Fig. 11 An inverting buffer using CMOS (complementary
metal oxide silicon) circuitry.
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Both Schottky TTL and CMOS

types have benefitted from a lot of
recent development work. In the
case of Schottky, the first stage was
to reduce the power consumption
to something nearer the 1TmW/gate
figure oflow powerTTL(74L00), but
without the slow response of the
74L00 types (33ns/gate transition).
In the event the 74LS00 (Low-
power Schottky) types achieve
some 9-13ns/gate with a 1TmW
power outlay.

A further development, alon
these lines has been the Advance
Low Power Schottky types (known
as ALS or Fast), which achieve
3-4ns transition speeds and
yet only consume 1-2mW/gate,
Meanwhile, the Advanced Schottky
(AS) types have attained an
operating speed approaching that of
or 200MHz clock speed) without the associated
problem of awkwardness in use. They have a gate
dissipation of 20mW, as compared witha 25-60mW/gate
dissipation for ECL.

On the CMOS front, development has involved
replacing the aluminium metallising of the gate elec-

ECL (1.5ns/gate

P-CHANNEL
TRANSISTORS

D1
PRI ooEs A a
o D3 ! ouTPUT

o

N-CHANNEL

INPUTS TRANSISTORS

ov

Fig. 12 A two input NOR gate using CMOS circuitry.

trode with polycrystalline silicon. This can be more
precisely deposited, in narrower regions, which allows
a considerable reduction in the parasitic gate
capacitances. The resulting gate propagation delar is
of the order of 7-10ns, which is very similar to low
power Schottky and faster than the standard 7400 TTL.
The pOIK gate CMOS (74HCO0) is specified for opera-
tion in the 4,75-5.25V TTL supply range.

Performance Data

| have summarised the performance characteris-
tics in terms of speed and current consumption in
Tables 1 and 2, and | have provided a pecking order
list for the various types in Table 3. However, there
are some things which must be borne in mind when
reading such data, mainly related to the gentle art of
specification writing.

| think the statistics quoted for digital ICs are pre-
tty honest (well, relatively so!). This may have someth-
ing to do with the fact that the digital circuit fraternity
tend to be young, and the writers are, perhaps, not yet
steeped in guile. Certainly in the field of linear ICs |

TO OV LINE
W

Si0, $i0,)

O GATE

/ Siozlg l??] 510, \

TO +V LINE

P+
ouT

N-CHANNE{

N-SUBSTRATE |

s L]Jul o

HANNEL

T \ = o]

N EPITAXIAL LAYER

BURIED N+ LAYER

P+
{SOLATING
CONTACTS WELLS

P—

P-SUBSTRATE

NPN TRANSISTOR

Fig. 13 Cross-sections through a), a CMOS chip and b), a TTL chip.
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sometimes get the feeling that the specifications are
written by temporarily unemployed science fiction
authors. ; :
With regard to the CMOS ICs, the main thing to
remember Is that the gate propagation delay will be
worse at the lower voltages, so the specifications will
usually quote the gate delay at 10 or 15V where it is
better. There are two types of CMOS IC, the 7400 pin
compatible 74C (and now 74HC) varieties, and the
generally non-compatible 4000 series. The 4000
series devices will usually be specififed for an output
(stray capacitance) load value of 15pF, whereas, in
practice, 20-40pF is probably nearer the truth. The

Device Type Series Code Maximum

Frequency
Low power TTL 74100 3MHz
Standard CMOS (5V) 4000 5MHz
Standard CMOS (15V) 74C00 15MHz
Standard TTL 7400 35MHz
Low power Schottky 74L500 45MHz
High speed TTL 74HO00 50MHz
High speed CMOS (5V) 74HCO00 50MHz
Standard Schottky 74500 125MHz
Advanced low power Schottky 74ALS00 60MHz
Advanced Schottky 74AS00 200MHz
Emitter coupled logic MC10100 500MHz

Table 1 Contemporary logic IC types ranked according to
maximum operating frequency. .

75—

o
=3
1

Cioad = 50

DELAY (ns}

Coad = 209

) 1 T i
0 3 10 15 v

SUPPLY VOLTAGE

Fig. 14 The propagation delay through a CMOS gate for
differing values of load capacitance and supply voltage.

Device Type . Gate Propagation Power

Delay (per gate) Consumption

(per gate)

Low power TTL 33ns 50pF Tmw
26ns 15pF

Low power Schottky 13ns . 50pF 2mw
9ns 15pF

Advanced Low power 3-4ns 50pF 1-2 mW

Schottky

Standard TTL 15ns 50pF 10 mW
10ns 15pF

Standard Schottky 4.5ns 50pF 20mw
3ns 15pF

Advanced Schottky 1.5ns 50pF 20 mW

Standard CMOS (10V) 20ns 50pF Negligible

15ns 15pF atLF

High speed CMOS (5V) 10ns 50pF  Negligible

i 7.5ns 15pF atLF

Table 2, Comparison of the speed and power

consumption of contemporary logic IC types. Note that

5ulffere devices will always have greater propagation
elays.

74C types are a bit faster, and are specifided for a
50pF output load, but usually at 10V supply voltage.

‘Another factor which must be remembered is that
one gate does not make a logic IC (with the exception
perhaps of an inverting buffer). So, IC types quoted at
15ns/gate, such as the 4000 series, may still introduce
a considerable delay. For example, the delay from
data to output in a CD4013 dual D-type flip-flop
operated from 5V is 200ns. The 74C74 is marginally
faster at 180ns. The 10V figures are better, at 80ns and
70ns respectively.

The way in which CMOS propagation delay varies
with output capacitance and supply voltage is shown
in Fig. 14. There will be no significant effects inside
the device because the internal circuit capacitances
will only be 1-2pF. | have also shown the input/output
voltage transfer characteristics of a typical CMOS

Noise Noise
Immunity Generation

Power Fan

Logic Family Speed
Dissipation Out

DTL 6 4 3 4 2
TTL 5 4 3 3 3
S 3 5 3 3 3
LS 4 2 3 3 3
ALS 4 2 3 3 3
AS 2 5 3 3 3
ECL 1 6 2 3 1
NMOS 5 2 2 2 2
CMOS 6 1 1 1 2
HCMOS 4 1 1 1 2

Table 3 A league table of logic IC performance. A ‘1’

~'LINEAR’ REGION

€D4009/74C04

QUTPUT VOLTAGE

) I T I 1
0 25 5 75 10 125 15
INPUT VOLTAGE

Fig. 15 Transfer characteristics for a CMOS inverting buffer,

R2

5M0
™

o

%CD4009 HEX INVERTER

-~ OUT

R1
50k
IN C}—'”-—-—’\/V\/‘

Fig. 16 Using a CMOS inverting buffer as a linear amplifier
with a gain of 100. If R1 is removed, the circuit will function
as a squarer.

indicates the best performance and a ‘6’ the poorest.
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FEATURE: Real Components

inverter, such as the CD4009 or 74C04, in Fig. 15. As
these characteristics suggest, it is possible to use the
device in a linear amplifier mode, as shown in Fig. 16.
This particular kind of circuit is useful in amplifying
and squaring-off input AC signals of up to T0MHz or
so, although the output waveform won’t be very
square above a few ﬁundred kilohertz due to the
absence of the higher harmonics.

A point which must be watched in all CMOS logic
ICs is that unused gate inputs must not be left to float.
All unwanted inputs should be tied either to the OV
or the +Vcc line. Unless this point is remembered,
endless problems can arise.

Also, while CMOS dissipates very little power
when used in static or low frequency switchin
applications, as the clock frequency rises more an

10mA |

TmA —
74L800

100uA —

SUPPLY CURRENT

Tl 7aHC00

TuA T T T T -
10kHz 100k 1MHz 10MHz 100MHz
CLOCK FREQUENCY

Fifg. 17 Supply current demand per CMOS gate as a function
of operating frequency. -

Device Type Series Cost (1 off) 1985
CMOS CD 4011 34-88p
LS 741500 40-80p
HCMOS 74HCO0 40-123p
74HCTO0O
ALS 74ALS00 49-70p
74F00
TTL 7400 57-111p
CMOS 74C00 60-110p
AS 74AS00 71p
ECL MC10104 160p
s 74500 176p
Table 4 Comparative cost of different types of quad two
input NAND gate.

more power will be required to charge and discharge
the output load (stray) capacitance, so the gate dissipa-
tion will also increase. | have shown a graph of dissipa-
tion versus clock frequency fora CMOS gate in Fig. 17.
Other logic systems will follow a similar pattern at the
“higher frequency end of the curve,

Cost

This is a major factor in the use and choice of ICs
and is influenced, to a dramatic extent, by the pop-
ularity of the IC in question.

This means that if an IC has been overtaken in per-
formance by a competitive type, not only will the. cost
of the competitive IC decrease as more are made or
as a promotional ploy by the makers, but the price of
the 1C which it replaces will now increase as the num-
bers sold decline. So, although | have listed the rela-
tive costs of various forms of the same logic IC (a quad

are changing as time gasses. In a year's time, the
dearest may no longer be available and the cheapest
may no longer be the cheapest.

Large Scale Integration

LS| is the great success story in the digital IC field,
allowing very complex functions to be achieved on a
single IC chip by joining together very large numbers
of relatively simple logic gates.

LSl derives largely from developments in MOS
technology, although bipolar Integrated Injection
Logic which uses simplified transistor circuitry of the
type shown in Fig. 18 has had some success in com-
Futer work. However, the main need was for simple,
ow chip area circuitry with very low power dissipation
per gate, and this was provided most effectively by
MOS technology, either as NMOS with further NMOS
céixiées acting as load resistors, or, more recently, with

S.

Many small personal computers, such as the one
on which | am typing this article, are based on NMOS
L3 +5V
LOW GAIN
LATERAL PNP
TRANSISTOR
Qa1
,I: z%OUTPUTS
INPUT (b 5 2 I\/’——O
—J—-—Oov
Fig. 18 An integrated injection logic (1°L) gate.

LSI single chip microprocessor ICs, like the Z80 and the
8080A. However, advanced poly silicon gate CMOS
offers higher operating speeds and reduced power
consumption, often as little as 5% of that for the
equivalent NMOS circuitry.

| have listed some of the current applications of
LSI ICs of the CPU/RAM/ROM types in Table 5, in

2-input NAND gate) in Table 4, these relative costs increasing order of chip complexity. ETI
Calculators Process controllers Smart terminals Minicomputers
Controllers Automatic instruments Billing/Accounting Advanced instruments
Printers Data loggers Point of sale hardware Intelligent terminals
Sequence timers Games Automotive Personal Computers
ROM 1-2K 1-4K 2-16K 8K+
RAM 32-128 64-256 128-64K 4K++
/0O Lines 10-32 20-64 32-200 128+
Peripherals 0-1 0-3 1-8 5+
Table 5 Typical applications for single-chip LSI (large scale integration) devices ranked according to degree of complexity.
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POWER AMPLIFIER MODULES

After years of extensive tests and empirical research, All of these modules now incorporate the following:
Crimson have developed the ultimate in Bipolar Power * HP Protection — Automatic shutdown to prevent
Ampilifier Modules, making Crimson Power Amplifiers damage from unstable signal source. .

the most sophisticated and , * Thermal Protection — A Thermal Sensor which again
highly protected modules i causes the amplifier to enter the Shutdown Mode
available today. before any danger is reached.

® Power Supply Protection — Diodes have been added
to the P.C.B. to prevent reverse polarity damage.

~- e Full details of our complete range including
PRICE INC. Power Supplies, Preamps,

MODULE POWER/LOAD V.A.T. P&P Mosfets etc available on large sae or contact

CE608 60 8Q2 £21.00 our agents:

CE1004 100 40 £24.50 BRADLEY MARSHALL WILMSLOW AUDIOS
CE1008 100 82 £27.50 382-386 EDGWARE RD 35-39 CHURCH ST
CE1704 170 42 £35.00 . LONDON WILMSLOW

CE1708 170 882 £35.00 W2 1EB CHESHIRE

CRIMSON ELEKTRIK STOKE

PHOENIX WORKS, 500 KING ST, LONGTON,

to supply the fine /j
range of test & ff

HIGH QUALITY ELECTRONIC MODULES

* 100W Monc & Stereo professional ampiifiers shown in last months
issue £98 & £140.

® Disco Lighting Module 750 watts per chan, 4 chan, forward reverse
chase £15.40.

* Disco Sequencer Moduel 1024 sequnces, 1000 watts per chan % chan
(selectable), zero cross and inductive load. £40.65.

* Amplifier Modules Mos-fet Low distortion 008%, on board protection

fuses and power supply requires only transformer & heatsinks,
saves £££'s.
Amplifier chassis from 100W Mono to 250W Stereo. Professional Mos-
fet for O.E.M. from £36.95. All amplifiers are fitted with redpoint black
onHeatsinks for reliability. Inputimpedance 47K ohm, Input sensitivity
0.775 volts, Total harmonic distortion .008%, Damp factor > 400, fre-
quency response DC - 40KHZ & Slew rate 70 v/us.

® Heatsinks Ex Stock. 2.1 ¢/w redpoint heatsinks £2.50.

» Send 20p and a large S.A.E. for specifications & price list on above
products and morell!

Send to:

TECHNOCROWN LTD

42 Fallowfield, Luton, Bedfordshire LU3 1PX

Tel: 0582-598167

Mail order only.
Postal charges per order £1. Welcome schools, colleges, and -
Trade. - Securicor £10.00 delivery.

ELECTROVALUE LTD 28 St Jude's Road, Englefield Green, Egham,
Surrey TW20 OHB Phone Egham (0784) 33603. Telex 264475
North Branch, 680 Burnage Lane, Manchester M19 tNA
Telephone 061 432 4945
Please mention this publication when replying
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THE SAMPLE LIFE

Paul Chappell tests the water and gives some samples of the
problems and solutions facing the designer of a low-cost digital

sound sampler.

everal years ago | remember seeing a
S Tomorrow’s World which featured a new kind of
musical instrument. It looked like an ordinary
electronic organ, but instead of generating its own
sounds it borrowed them from the outside world. The
sound of a violin, say, would be recorded into the
instrument’s memory through a microphone. Pressing
a note on the keyboard would then give the sound of
a violin at the appropriate pitch, by varying the speed
at which the sampled sound was played back.

Commercial Sound Samplers

Leaving aside instruments such as the Fairlight,
which will set you back more than £20,000, and the
Emulator at around £7,000, you can now buy a self
contained sampler and keyboard, the Ensoniq Mirage,
foramere £1700. To get anything chealper, you'll have
to supply some odds and ends yourself. For instance,
the Akai $S612 polyphonic sampler at £800 or so has
no keyboard, you'll have to provide one, and if you
want to store the sounds you've sampled you'll also
need a disc drive. Powertran’s MCS1 costs around
£600 as a kit, but is only monophonic. The MCS1 and
$612 can be controlied by a BBC micro, or any com-
puter with a MIDI interface.

At the budget end of the market there are some
very low cost devices. The sound quality and features
you can expect from these bear very little relation to
the price tag, so it's worth taking a good look at the
spec sheets to see just what you'll be getting before
breaking open your'piggy bank. One possibility is the
Logitech sampler at £200, a low budget sampler with
a low budget sound if the reviews are to be believed.
Then there is the Greengate DS3, an add-on for the
Apple computer. The sampler box and software will
cost you £280 and the music keyboard (as opposed to
tEe computer keyboard) is another £280 on top of
this.

The main differences, apart from how many extras
you will have to buy, are in sound quality, sound
manipulation and editing facilities, and the number of
notes you can play at once. The simplest devices, such
as the Logitech, use 8-bit linear sampling which
implies poor dynamic range and high quantisation
noise. They can only play one note at a time. The DS3
also uses linear sampling, but has good editing
facilities and is 4-note polyphonic. If ‘dynamic range’
and ‘quantisation noise’ are mysterious concepts to
you, hold your breath a moment.

Build Your Own

These days it is not particularly difficult to build
your own sampler as an add-on for a home computer.
A very basic design for the Spectrum appeared in a
music magaxine not so long ago. it consisted of four
ICs for A-D and D-A conversion and address decod-
ing. The Spectrum RAM was used to store the sample,
There was no filtering of any kind and the sound
would hardly have been super-fi, but no doubt it was
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fun to experiment with, which.was all it was really
intended for.

So what is the ETI design to be? A single chip add-
on for the ZX81 or a Fairlight look alike that will still
leave you with some change from a second hand Ford
Cortina? After much debate (‘What do you think we
should do, Alf?’ ‘Search mel’) we eventually decided
on a Spectrum add-on. At the moment you can pick
up a brand new Spectrum for the price of a cup of cof-
fee, so there’s no excuse for saying you haven’t got
one. As for the circuit itself, our efforts have been

directed towards getting the sound right rather than

The Greengate sound sampler (bottom right) and all the
other necessary bits and pieces,

adding extra gadgets. Constructional details will begin
next month, all being well, so have your soldering
irons warmed up and ready for action.

General Principles

The hardware used to translate analogue signals to
digital form and back again has recently been
described in the pages of ET! (August, 1985), so |
won't go over the same ground again, What this fea-
ture on A-to-D and D-to-A conversion didn’t mention,
however, were the practical consequences of per-
forming the translation. The waveform that is
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recovered from a digital sampling process is never
quite the same as the waveform that went in. Sampl-
ing, by its very nature, breaks continuous waveforms
into discontinuous elements. The trick is to get it as
close as possible to the original. Without taking any
special precautions, you will certainly end up with a
sound that is recognisable, but it will be noisy and
distorted. Why does it happen, and what can be done
about it? :

First of all, we have the problem that a fixed num-
ber of 'quantisation levels’ are available according to
the number of bits that will represent the sample
digitally. We would like each sample to equal the
exact value of the analogue signal at the time. Instead,
we must round it up or down to the nearest level for
which a d(ijgital code is available. A 2V signal, for exam-
ple, would be okay for an 8-bit sampler, but 2.005V
would not.

ATTENUATED  AMPLIFIED
-

|
:
|
|

T

SIGNAL ABOVE THIS
AMPLITUDE WILL BE
ATTENUATED; BELOW
THIS AMPLITUDE WILL
BE AMPLIFIEO

Fig. 1 (a) Input to compressor, (b) Output from
compressor

The result of the rounding process is known as
quantisation noise and sounds very much like the
kind of thermal noise hiss that any audio equipment
will make to a greater or lesser extent. Intuitively, you
can see why it sounds like noise by thinking of the dif-
ference between the true value of the audio signal
and its quantised value as an extra and unwanted
signal that is superimposed on the input.

For an arbitrary input, the value of this extra signal
at each sampling will be random, in the sense that it
will not be related in any obvious way to the harmonic
structure of the input, will not repeat, and so on.
There are certain inputs for which this will not be the
case, but for general audio signals it's a reasonable
way to look at the situation. The main difference bet-
ween quantisation noise and thermal noise is that
quantisation noise is only present when the sound is
being reproduced, while thermal noise is there in the
background all the time. :

For an 8-bit word length, which we are more or less
stuck with if we want to make use of Spectrum’s
memory for storing the samples, the signal-to-noise
ratio will be 48dB for a signal which is large enough to
make use of all 256 available quantisation levels. This
is certainly not hi-fi, but could be tolerated; a cheap
domestic tape recorder will give similar results.

Unfortunately, the signal-to-noise ratio degrades
very quickly as the amplitude of the input signal
drops. For an input 20dB below the overload point
(the point at which ithe A-D converter runs out of
codes) the S/N ratio is a mere 28dB. Not too good.
The reason fo the degradation is fairly obvious; in the
extreme case the input may be so small that it only
alters the least significant bit in the binary code. The

resulting variation between two possible output
levels would not track all the nuances of the input
with any degree of precision.

Companding

The simplest solution to this problem is to ask the'
user to adjust the input so that the ADC is operated as
close as possible to its overload level without actually
exceeding it. Not very practical, you think? Just take a
II010k at tEe Greengate sampler, which does exactly
this.

Assuming that the sound to be sampled can be
repeated a few times to allow the input level to be
adjusted, we are still left with the problem that as the
sound decays the noise will increase. A piano note, for
example, will begin with a high -amplitude as the ham-
mer strikes the string. The amplitude will then drop
away quickly to a much lower sustain level. A sampler
adjusted to accept the initial level would not give very
good results during the sustain period.

Another possibility is to adjust the sound level
electronically. Devices which do this are called com-
panders (compressor/expanders) and are available
ready made in the form of ICs. In essence, the com-
pressor section will reduce the amplitude of signals
that are above a certain pre:defined level and
increase the amplitude of small signals, so that the
range of amplitudes is close to a constant level (Fig.
1). Thus output will have a substantially reduced, or
compressed, dynamic range and the signal can be
kept close to the overload point of the sampler at all
times. The expander secton returns the dynamic range
to normal after the signal has been translated back
into the analogue form.

1 OUTPUT
NCA O CONTROL

,< VOLTAGE
A CONTROL
VOLTAGE \:‘J\/\/\\/\
\ \ \ \
BT R

\ X
RECTIFIED— ] / ! /
) weor 4y NN

SIGNAL ! ¥ Y \
RECTIFIER
ANO PEAK
DETECTION

INPUT
O—

TIME CONSTANT TOO SHORT,

SO RiPPLE ON CONTROL VOLTAGE
(b}

GAIN STILL LOW |

INPUT oUTPUT

I<——>
IGA]N HAS
GAIN SET LOW |SETTLED
FOR HIGH i
AMPLITUDE /

SIGNAL GAIN INCREASES
TO FINAL VALUE

d)
b s o
|

Fig. 2 There is a compromise between choosing too small
a time constant, as in (b), and too long a time constant, as
in (¢) and (d).

This is all very well in theory, but companders work
by taking an average of the signal level and using this
average to control a VCA which modifies the output
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level. The averaging process involves rectifying the
input and integrating the result. A short time constant
on the integrator wil %ive an accurate average but will
result in a good deal of ripple on the VCA control
signal , while a long time constant gets rid of the ripple
but will make the circuit slow to respond to amplitude
changes (FEF. 2). :

As rapid changes of gain in the VCA cause con-
siderable distortion, compander circuits tend to err on
the side of a slightly longer time constant, The result-
ing amplitude changes cause an effect often
described as ‘breathing’.

OUTPUT OUTPUT
VOLTAGE VOLTAGE

Jl INPUT /{ INPUT
{a) {b)

VOLTAGE VOLTAGE
Fig. 3 INPUT OUTPUT

(a) ‘S'~law transfer characteristic.

(b) The characteristic needed to restore the original
signal. = ;

The waveforms show a triangular wave of diminishing
amplitude before and after processing by (a). Note that
the output changes far less in amplitude than the input.

Instead of modifying the signal envelope, as is the
case with companders, another possibility is to modify
the waveform itself. Imagine we have a circuit with a
kind of ‘s-law’ characteristic as in Fig. 3. Any input to
the circuit would be amplified much more around the
zero-crossing part than it would be at its peaks. An
input of varying amplitude would still be compressed,
but this time the comﬁression would be achieved by
alterinﬁthe shape of the wave rather than shrinking it
as a whole. The waveform would end up very distor-
ted, but could be restored to its original glory by a cir-
cuit with the inverse characteristic.

Vout

= » \/in

Y

Fig. 4 Making an ‘S’-law function from long curves. Note
that if transistor junctions are used, the curves are offset
along the V;, axis and will actually pass through the origin.
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A circuit of this nature is not easy to construct as
the inverse circuit must be a very precise match to the
compressor. | have a feeling that something along
these lines could be made by missing out the
integrating capacitors on a compander IC, but |
haven't really looked into it. If anyone would care to
try,lflease write in and let me know how it turns out.

circuit | have tried involves using the base-
emitter junctions of a pair of transistors to simulate
the curved sections (Fig. 4) with a bit of trickery to
carry the function across the centre. The results were
encouraging, but much more difficult to compensate
for thé temperature variations than | had anticipated.
Log amplifiers exist in IC form (with temperature com-
pensation!) but they only work in two quadrants: you
get the right hand side of Fig. 4 or the left, but not
oth. Perhaps something could be done with two of

- them? If you have a hot soldering iron and time on

your hands .. ..

However, all this is short-circuited by the fact that
a similar kind of compression can be performed by
the ADC. Just tuck the previous ideas away in the
back of your mind for a moment because I'd like to
anroach the idea of ‘digital companding’ from a
slightly different angle. :

Short but Sample

The obvious way to increase the dynamic range of
the samplin%process is to use a high resolution ADC.
A 12-bit ADC will give 4096 quantisation levels and a
S/N of 72dB at best; for a 16-bit ADC we have over
65,000 levels and a maximum S/N ratio of 96dB. If
we're using 8-bit words to store the data we can’t use
a 12 or 16-bit ADC (assuming we could afford to buy
one in the first place in the case of the 16-bit devices
and using two words for each sample would halve our
sample time. Bearing in mind that we want to avoid
the degraded S/N for low signal levels, suppose we do
this instead:

Around the 0V level, we pretend we've got a 12-bit
ADC and space the quantisation levels accordingly so
that they are 0.025% of full scale apart. After the first
eight levels, 0.05% of full sale apart. The next eight
levels will be 0.1% FS apart, the next eight 0.2% FS,
and so on. The resolution around OV is now excellent.
The penalty is that in the final section which takes
care of the wave peaks the resolution is only
equivalent to a 5-bit ADC. There are two very strong
points in favour of this as opposed to linear conver-
sion, First of all, audio signals generally have an
amplitude spectrum concentrated in small signals
rather than large ones and will often have crest factors
(the ratio of peak to RMS amplitude) of five or more.
Secondly, the human ear is much more sensitive to
any inaccuracies of the wave around the zero-crossing
point than it is to slight variations in the peaks. At the
end of the day, the justification for this type of conver-
sion is that it sounds so much better!

In IC form, there are two versions of the compand-
ing DAC. The first follows a law known as u255,
developed by Bell Laboratories, The idealised law is:

Y=0.18 1n(1+uX)
where p has the value 255 for an 8-bit converter.
This law is approximated by seven ‘chords’ which dou-
ble in step size as described above. The rival system,
the A-law, approximates the function:

Y + 0.18 (1+1nAX) for 1/AKXK1

Y + 0.18 AX for 0KX<1/A ’

Where A has the value 87.6 for an 8-bit converter.



In both these cases, X is the analogue signal level
as a fraction of full-scale. The formulae give the
magnitude of the signal levels; a sign bit in the DAC is
used to say whether they are above or below zero.

The main difference between the two laws is that
the approximation of the A-law results in the first two
‘chords’ having the same step size, so the maximum
resolution is only equivalent to an 11-bit linear DAC.

INPUT

SAMPLE
QUTPUT
FROM DAC

Fig. 5 Alias distortion. A case of mistaken identity?

. To tie in with the earlier idea of modifying the
waveform with an ‘s-law’ analogue circuit, just imagine
that the sample in memory from the variable-steﬁ
ADC was fed out through an ordinary DAC. Wit
allowances for the chord "approximation, the
waveform would look just as if it had been processed
by the analogue ‘s-law’ circuit!

The advantage of companding during A-D and D-A
conversion is that the technology required is just the
same as that needed to produce a 12-bit DAC, which
is not very difficult these days. To get the same degree
of precision in a non-linear analogue circuit would be
virtually impossible.

Sampling Rates

A well known rule of thumb is the need to sample
at more than twice the rate of the highest frequency
component of any waveform that is to be reproduced
— the famous Nyquist theorem. If you disobey the
rule, you let yourself in for a dose of the dreaded alias
distortion.

Alias distortion is often presented as a kind of
‘mistaken identity of the sampled waveform (Fig. 5).

M\

= : 15kHz
FREQUENCY

T IR
~,
~
&

: g l
20kHz 40kHz 50kHz

T
10kHz

30kHz
SAMPLING RATE

Fig. 6 The frequency spectrum of the input signal (a) and
the output from the DAC, (b), showing the additional
frequency components generated by sampling.
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This is OK for explaining how it might occur, but not
much good for deciding what to do about it. A more
enlightening view of the situation is to consider the
frequency spectrum of the sampled wave, or the out-
put from the DAC,

Two points before we start. First of all, the follow-.
ing discussion assumes that the output from the DAC
represents the exact level of the input at the time of
sampling. Any practical inaccuracies we have already
put into the ‘noise’ pigeon-hole, and there they can
stay for the time being. Secondly, it doesn’t matter a
damn whether we use linear or log conversion. What
we are getting out of the DAC is a stream of voltage
levels representing the instantaneous value of the
sampled wave, no matter what black magic was used
to stuff it into the memory in between.

we'll start off with an analogue input which has a
frequency spectrum.as shown in Fig. 6a. After sampl-
ing at 30kHz, the output from the DAC will have a fre-
quency spectrum as shown in Fig. 6b. No doubt you've
seen similar diagrams before. To get a feel for why it
should be so, take a look at Fig. 7.

L

STREAM OF PULSES, REPETITION RATE 30kHz

UL

3
30 60 - 90 120 150 180 210 240 270

A

FREQUENCY
(kHz)
FREQUENCY SPECTRUM OF PULSE STREAM

Fig. 7 A stream of sampling pulses and their frequency
- spectrum, which extends indefinitely.

First of all we have a series of sampling pulses of
zero duration. Not very practical? OK, | admit it, it's a
mathematical fudge. But bear with me fora moment.|t
so happens that a string of pulses like that has a fre-
quency spectrum consisting of evenly-spaced sine
waves all with the same amplitude. Now, if | took just
one of these sine waves and amplitude modulated it,
remembering your AM theory, you'd expect to see
sidebands on either side, right? And varying the
amplitude of the sample pulses in accordance with
the amplitude of the input is ﬁretty much like
amplitude modulation. So Fig. 6b shows all the ‘side-
bands’. The argument has as many holes as a string
vest, but the conclusions are OK.

So what happens when the DAC output consists of
real pulses that have a finite width? Well, if | can lean
on tﬁe previous rickety argument a little more, the
unmodulated output spectrum from the DAC will now
be a series of sine waves which diminish in amplitude
as their frequency increases. So what we'd expect to
see is the amplitude of the higher frequency ‘side-
bands’ of the modulated spectrum decreasing in
amplitude, too, as their frequency increases. This is
exactly what happens.

The original spectrum of Fig. 6a is all we want to
end up with, so it won't cause us any great sadness
that the upper frequencies diminish in amplitude.
We're going to filter them out anyway. What would
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cause us concern would be any alteration to the
amplitude of the original spectrum, the part we want
to keep.

At pthis point the intuitive argument collapses
under the strain and we must take account of the
results of a full mathematical analysis. Yes, the
amplitude of frequency components of the part of the
spectrum we want to keep will diminish. The wider
the output pulses from the DAC, the more significant
this effect becomes. With a stair-step output from the
DAC, which retains the previous output until another
digital code comes along, the frequency response will
gently roll off until, at half the sampling frequency, the
output will be down by about 4dB. No need to panic,
but it should be taken into account. Remember that
this has got nothin% to do with any filterin§ or
whatever, we're just looking at the raw output from
the DAC,

It seems sensible that if we're looking for perfec-
tion, the best thing to do would be to return the DAC
output to zero in between samﬁle outputs. Sad to say,
this can cause more problems than it solves.

We've been looking at nice clean sterilized theory
up to now. Unwanted odds and ends creep in, but
they stay in their proper place and behave themselves
and we ¥<now just what to do about them. When you
actually come to build a circuit in real life, the results
are much less predictable. For instance, DACs don’t
instantly jump to a new output level when a digital
code is applied, they have a certain settling time and
what happens at the output during that settling time is
anybody’'s guess. Additional frequency components
will be generated and they won't be in predictable
places.

The answer is to make them small in comparison
with the spectrum we want, which in essence means
making the output hold time long in comparison with
the settling time. In general, it is often better to put
up with a predictable fall in performance that can be
compensated for rather than to try correcting it at the
expense of introducing factors that can’t be removed.

To return to Fig. 6, although there is no frequency
component at the input which is above half the
sampling frequency, there are already unwanted fre-
quencies from the DAC which occur within the audio
range. If we could block off all frquencies above
10kHz at the input, the unwanted frequency spectrum
would at least be above 10kHz. This is not very sensi-
ble. The unwanted frequencies could burn out
tweeters or beat with the bias oscillator of a tape
recorder and produce audible products, for
instance. There is the more obvious problem of losing
bandwidth for no particular reaoson. Output filtering
is the answer here,

Figure 8 shows the situation when frequencies
above half the sampling frequency are present at the
input. The overlap of wanted and unwanted frequen-
cies is our alias distortion. The practical result is a kind
of harshness or coarseness in the reproduced sound.
These frequencies could also be eliminated by filter-
ing at the output, at the expense of a good deal of
usable bandwidth, Far better to have a filter at the
input to prevent frequencies above half the sample
rate entering the system in the first place.

The result of all this is that although we could, at a
pinch, get away with filters just at the input or.output,
the maximum system bandwidth and best possible
sound will be achieved by filtering both. Obvious, you
think? Well, maybe, but a design for a fairly expensive
self-contained unit was recently published with no
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Fig. 8 The frequency spectrum of an input signal
containing components above half the sampling
frequency and the corresponding spectrum of the DAC
output.

input filtering whatsoever and a pathetic and totally
inadequate 2-pole filter on the output. The author
claims it can ‘also be used as a treble control.
Surprisingly often, designers of commercial equip-
ment, who really ought to know better, try to get away
with inadequate filtering or even no filters at all.

So, how much practical difference does it make?
The answer is that it depends very much on the
sampling frequency. At sample rates of 15 to 20 kHz,
which are often used in ‘sample stretch’ or ‘double
time’ commercial devices, the distortion will be very
noticeable indeed. We're talking about the potential
sound quality of good AM radio as opposed to the
achieved quality of a noisy telephone line. At higher
sampling freguencies the distortion is 'still present,
however, and is quite obvious when the sampled
sound is compared with the original. To extend the
previous analogy, you would be settling for AM radio
quality without adequate filtering when the system is
capable of FM quality sound. The resuits with a fairly
high sample rate can, in some circumstances, sound
quite acceptable, but will have as much in common
with the original sound as a banana milk shake has in
common with bananas.

Pre-emphasis

Yet another way to improve sound quality is to
apply pre-emphasis to the input signal. The theory is
much the same as that employed in Dolby systems
and the like. The higher frequencies of the passband
are selectivelry amplified before A-D conversion, then
attenuated after D-A conversion, taking a portion of
the noise spectrum with them.

Circuits for this purpose are frequently tacked on
to samplers almost as an afterthought. Often the
degree of pre-emphasis is limited because the
designer has realised that it will mess up the anti-alias
filtering. The designer has gone to a lot of trouble to
give a nice sharp cut-off to higher frequencies, and
here’s a circuit amplifying them all up again! There’s
no doubt that pre-emphasis can be effective, but it
must be a part of the overall frequency tailoring, not
an add-on. ; .

These are a few of the considerations that led to
the design of the ETI sampler. Will it be a revolution in
sound sampling, or just another variation on the
theme? You'll have to wait and see. ‘What do you
think, Alf?’ ‘Dunno.” Well, that about sums it up. ETI

31



ETI SORCERER

RING

SYNTHESIZER

Having unravelled the circuit diagrams, Graeme Durant wraps up
the project and ties up the loose ends.

onstruction of Sorcerer
' should prove to be quite
straightforward, especially
if the suggested PCB layouts are
used. ‘
Each board requires a number
of wire links to be fitted, so these
should be tackled first. If you are
Ianing safe and using IC sockets,
it these next. Sockets are
recommended for the MOS
devices, especially the expensive
delay-line chips. Now you can
solder in the passive components,
remembering that all 213 diodes
must go in the correct way round!
Note also that some resistors must
be mounted vertically. Finally,
insert the presets and the panel
mounting potentiometers. Since
the latter are PC mounting, ensure
that ther are all straight, so that
they will go into the front panel
cutouts first time.
After scrubbing off all that nasty
flux on the backs of the PCBs,
with meths, it is time to fit the
boards into the main case, which
has by now been drilled and
punched to accept them. Note
that the VCO board and the
envelope board are fixed in only
by their front panel
otentiometers; they require no
urther fixing, unlike the other
PCBs, which must be bolted into
the case. It is recommended that
the boards are fitted with veropins
or similar terminals, prior to
encasing them, to ease the job of
interwiring in situ.
All power connections should
be made from each board to a
common point at the power
supply board. If power
connections are strung from board
to board, all manner of nasty noise
will be the end result. The power
supply itself should be connected
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to mains via a suitable panel on/off
switch and a 500maA fuse. Be
careful to insulate all points at
mains voltages with sleeving. If a
metal case is being used, a
connection should be made
between it and earth, using a bolt
and solder.tag,

Interconnections must be
made between the two chorus
boards using tinned copper wire
(Fig. 10). Connections to the
power supply should be made as
shown, using Veropins, but with
the interconnection wires still
soldered underneath. The chorus
boards are stacked and bolted, but

plastic spacers must be used to
avoid accidentai short circuits
occuring across the closely spaced
tracks on the boards. As a last
resort (and | mean a last resort!)
use empty plastic biro tubes,

Connections to the front panel
switches should be made from the
various boards (Fig. 11). The front
panel ‘Attack LED" is wired
between OV (cathode) and the
attack LED pin on the envelope
board. Note that none of the
connections in Sorcerer are critical
and they can all be safely made
usmiordlnary hook up wire.

The keyboard is built on two
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Fig. 10 Interconnecting the two chorus boards.
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Fig. 11 Connections to front panel switches and pots.
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boards. The keyboard interface
PCB is the small one, and when
complete is stacked about 12mm
above the copper side of the main
keYboard PCB using spacers and
bolts with its copper side up, too.
Connections are made to the large
board using eleven vertical tinned
copper wire links, as on the chorus
boards. If the keyboard is to be
housed separately to the main
electronics, five connections (+5V,
0V, gate, trigger and key voltage)
must be made between it and the
main unit. In the prototype a five
pin DIN lead was used with
corresponding DIN sockets, but
any suitable method could be
employed.

The actual insertion of
components is similar to the rest
of the boards apart from resistors
R60 to R96 and diodes D3 to
D39 on the main board. These are
soldered together in pairs, in series
before insertion into thePCB. (Fig.
12). This was necessary for space
reasons.

The keyboard case for the
prototype was made from wood
and required only simple
carpentry skills. The
reverse side of the actual
keyboard surface of the main PCB
was glued, using a contact
adhesive, to a strip of chipboard
some 12mm thick, the full depth
of the keys. From this base, simple
wooden ends were glued on, to
form the case sides; then a thin
strip to form a front edge, to cover
up the chipboard, and a rear wider
strip to form a back panel, were
added. Another thin strip formed
the back edge of the keys
themselves, then two painted
aluminium plates were used as a
top and bottom panel. These were
fixed using wood screws to allow -
later removal and access to the
circuits inside. Finally, four rubber
feet were added to make a stable
construction. So, the case is
actually built around the main
PCB, and should be done carefully
after inserting the components.

Modifications

The more serious musician
aiming to use the Sorcerer string
synthesiser will no doubt prefer to
use a real keyboard with moving
keys. This will enable the musician
to play faster and more reliably, as
well as giving a familiar feel.

Such a modification would be
quite straightforward. 1IC9 to IC18
would no longer be required.
Instead, a three octave keyboard
unit, fitted with single pole ‘make’
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contacts, would be used. One
connection to each switch should
be commoned to all the other
similar ones, and connected to OV.
Each of the other connections to
each switch should be soldered to
the appropriate key on the solid-
state keyboard PCB. Then, to
bypass the spaces left by IC9 to
IC18, wire links should be
inserted, connecting the tracks
which originally went to the og-
amp non-inverting inputs, to the

tracks which went to their outputs.

The result is that each row in the
diode matrix can be effectively
grounded by pressing a key, thus
setting up the keycodes as before.
Resistors R20 to R56 pull each
row up to five volts when that ke
is unpressed. These resistors cou?,d
be reduced in value to 100K, for
less susceptability to noise and
faster matrix switching,

The rest of the keyboard
circuitry could remain as before,
with perhaps a couple of
component value changes. R97 to
R112 and C7 to C14 can stay, to
debounce the mechanical
contacts. IC19a and IC19b detect
the presence of more than one
key being pressed, and having
altered the type of keyboard
switching, the sensitivity of this
detection circuit must be altered
to suit. Simply alter the value of
R58 until the output of IC19b
goes low for two or more keys
pressed, but high otherwise — this
could be achieved by fitting a
220k potentiometer. The
setting could be measured using a

multimeter on the ohms range,
and a fixed resistor then putin its
place.

Finally, the value of R122 could
be experimentally reduced, to
allow faster keyboard response.
Now that the square pulse signals
of the touch detectors have been
removed, the reaction delay can
be safely reduced whilst still
maintainting a reliable response to
keys pressed.

Setting Up And Use

Sorcerer contains seven preset
potentiometers, so requires a little
setting up. Although no test gear is
essential, access to an oscilloscope
is useful. After having built up all
the PCBs, checked for faults and
wired up everything except the
connections to the power supply
outputs, it is time to plug the PSU
in to the mains. Check that the
PSU outputs are at the correct
voltages, then make the final
connections between each PCB
and the power supply.

Connect the keyboard unit to
the main box of tricks and a pair of
headphones or an amplifier,
speaker set at low volume to the
output. Ensure all seven presets
are set to their midway positions.
Select the middle octave range on
the switches, turn off the.chorus
effect and apply the power. A
sound of some kind may be
audible, if it is, do not worry. Press
a key. The Attack LED should light,
and the sound should get louder

90d GHYOdAI
NIV OL Sl\jEJI.I.DENNOO

NI V1va A3

ot + 5\
KV OUT
p—met- OV

TRIGGER
ouT

g
avi1I NI NId § VIA
1INA NIVA OL

(— GATE OUT
J

Fig. 12a Component overlay for the keyboard interface PCB.
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B 87 OUT

<% 8' SWITCH

OCTAVE QUTPUTS
TO CHORUS BOARDS
AND SIGNAL CONTROL
LINES TO FRONT
PANEL SWITCHES

#- 16’ SWITCH

< 16' OUT

RV4 RV3
FINE TUNE VIBRATO DEPTH

Fig. 13 Component overlay for the VCO board

RV2
VIBRATO SPEED

with an envelope according to the
attack and release control settings.
If not, turn off. Check your wiring,
Check to see if a signal is being

roduced by the VCO. Check the
Eeyboard output voltage and
timing pulses.

If alFis OK, try the other octave
switches. Try the sustain on/off
switch, and different setting of the
attack and release controls. Check

the vibrato controls work, and the
glide and tune functions. Finally,
see that the chorus mode has at
least some effect (but do not
worry about the din it is probably
making!).

Once you are convinced that
all the functions have some effect,
it is time to set the presets. Switch
off the chorus effect, and set the
attack and release controls to

minimum. Turn up the amplifier

‘volume control until you can hear

the signal breaking through the
envelope shaper, then adjust RV8
on the envelope board until the
minimum signal is heard.

Switch out all the octave
ranges, then, with the sustain set
to off, press a key. A sharp click
will probably be heard. Turn RV9
also on the envelope board, until

NOTES:
D3/R60-D39/R96 = STARRED!?)
D40-D186 = SINGLE DIODES IN MATRIX

S —

R60-R96 AND D3-D39
MUST BE SOLDERED
TOGETHER AS SHOWN
BEFORE INSERTION
INTO THE MAIN PCB

Fig. 12b Component
overlay for the keyboard.
Note that it is shown here
at considerably less than
its full size.
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oV

ATTACK .4
cige. SIGNAL IN
i FROM CHORUS
GATE IN s
o — 5\
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SWITCH a :

HOLD it

TRIGGER IN sl ot HEADPHONE

RVE RvV7
ATTACK RELEASE

Fig. 14 Component m)erlay for the envelope board.

pressing a key produces the board should, at one extreme, fuzz | out some of the high frequency
minimum effect. The envelope the sound and, at the other, stop clock signals imprinted onto the
shaper is now set up. the signal. RV10 sets the operating | outputs of the delay line devices.
Now, reduce the amplifier point of the delay-line chips and If an oscilloscope is to hand,
volume to a reasonable level, and should be in the middle of its connect its input to the slider of
set the attack and release controls undistorted range of travel. Finally, | RV11, and adjust until the
about midway. Switch in all the we setup RV11,12,and 13 on the | minimum hi%~| frequency noise
octave ranges, Select the chorus top chorus board. If an appears on the signal. This may be
mode, and hold down a note on  oscilloscope is unavailable, set easier to see with all the octave
the keyboard. Turning RV10 these midway — they are not too ranges switched off. Repeat for
through the hole in the top chorus | critical. Their function is to cancel RV12 and RV13. This completes
* D3/R60-D39/R86. ’ ) ] T %
% §

Ms § #* i SN & ﬁ : 3 : " 3
e e e e e e e
kI s, LI L. B I % . ¥ g}» I I ‘3’ 13 *ﬁ}‘ i s MY 13

..... i 2 B — - i — 41 . 71 - \Tz, " __ﬁwi«u‘
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the setting up of the chorus board.
The last preset to deal with is
RV5, on the VCO board. This -
simply acts as a coarse tuning g
- control. Set the front panel tune 3% 9
control to its central position, then T
turn RV5 until the instrument is in M- Wi w S bl If
tune with a known reference, & ABiL 4
The line output is about one | oo
volt peak-to-peak and so should FROMVEO | ©
drive most amplifiers, but if it is ¥
too high, fit an attenuator. The
touch keyboard should work in
most environments, provided
there is enough mains hum around |
the place. If problems are 2
encountered, try planting both
feet firmly on the floor (I am
serious, it does work!). If the
problems persist, try removing the
TOMohm input resistors on the |
keyboard, to increase its
sensitivity. Also check earth
continuity and connection to the

WIRE LINKS TO TOP CHORUS BOARD

T
oV

T

OV line. |
Fig. 15 Component overlay for the chorus clock board.
BUYLINES .
o PARTS LIST ) Most of the parts used in Sorcerer can electronics is one of the Modular 5
| be found in any suppliers catalogue, range of enclosures available from
VCO SECTION but there are a few more-difficult-to West Hyde Developments Limited, 9/
g find parts required. The MN 3010 delay 10, Park Street Industrial Estate, Ayles-
~ line ch‘iips are available from Digisound bury, Bucks, HP20 1ET. The model
Limited, 14/16, Queen Street, Black- used was the MD5 AFL and costs
RESISTORS (all %W, 5% unless pool, Lancs FY1 1PQ at a cost of £17.33 including postage, packing and
otherwise stated) £18.98 for the three all inclusive. The VAT. The encapsulated transformer
MN3010 delay line chips are available used in the prototype — Clairtronic
R1,8 1k0 . from Maplin, as is the ZN428 keyboard type 9641 — can Le obtained from
R2,3,4,7,12 100k ’ D-to-A converter. The particular sub- Verospeed, Stansted Road, Bovyatt
R5 47k miniature single ended electrolytic Wood, Eastleigh, Hants SO5 42Y (tel:
R6,9 390k capacitors used on the chorus PCBs, 0703 644555). The price is £3.89 and
R10,11,15,17,18,1910k . and the PC mounting potentiometers, the order code, 89-35985D. The PCBs
13,16 6k8 1% metal film were also from Maplin. The case used are available from the ETI PCB Service,
| R14 2k2 in the prototype to house the main but see the note in News Digest.
Rv1 100k log. PC - .
) mountin
RvV2 10k lin. PC .
mountin IR : = ) WIRE LINKS TO BOTTOM CHORUS BOARD f
RV3 47k lin, PC - = ¥
mountin 2 z :
RV4 2k2 lin, PC &zongd ez 5 nad £ 5
mounting | ;
| RV5 4k7 Cermet preset T T T T T T T T T :
SEACIEORS en G |
C1 3u3 16V tantalum TO ERONT [ CHORUS ON
@ ‘ :Jts)?yr::arbonale it |cnonus orr et
c3 ' “ 10u 16V tantalum
c4 4n7 mylar
G 2n2 polycarbonate
SEMICONDUCTORS
iC1,4 LF351
1C2 741
1C3 LM331 or RC4151
IC5 LM324
1C6 4024
1C7 4011
1C8 4081
D1 1N4001
| MISCELLANEOUS

.| PCB; solid tinned copper wire; control
; k“°65i veropins. Fig. 16 Component overlay for the chorus audio board.
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- ~ PARTS LIST. -
CAPACITORS C37,40,43 1u polycarbonate
KEYBOARD a3 33n polycarbonate 45,46’ 196u 6.3V submin
n electr
RESISTORS (all AW 5%) polycarbonate C47,49,50,52, 10eu 160\}’ts:b-min
C35 2u2 16V tantalum 53,55,67,68 electrolytic
R20 to 56 10M 75,76:78:79:
R57,123 470k SEMICONDUCTORS 81,82,86,87,
R58,60 to 104,113 100k 1C23 4093 90,91,94,95,
R59 330k 1C24 iM324 96,97,99,100
R105 to 112 820k 1C25 4066 €48,51,54 100p polystyrene
R114to 121 2M2 1C26 CA3080 €60,61,74,7,80  47n polyester
R122 390k 1C27,28 741 C62 ’ 22n polyester
R124 10k Q1 BC557 C63 10n polyester
R125 390R Q2 25;04% ST 864 - ‘11n; po}ycarl;bnate
y4») myy zener 69,70 n5 polycarbonate
CAPACITORS e — ﬂ:gf“ C;;,72,73,84.88, 1n0 polycarbonate
C6,23,24 220n LED1 to choice €85.89,93 330p polystyrene
polycarbonate MISCELLANEOUS o
C7 t0 22,25 100n PCB; solid tinned copper wire; control SEMICONDUCTORS
poly EREbonEte knob; veropins. 1C29,34 LM1458
C26 1?‘%“'?;:' 1C30 LM324
electrolytic
C7 1n0 polycarbonate CHORUS CIRCUITS :8;’32’33 mgm
RESISTORS (all AW, 5%) 1C38.39 40,41 741
SEMICONDUCTORS 1CH8, 39,40 A
1C9-18 LM324 R148,155,160 680k
can e Mt
150,1 :
wacHREo
° e e oo PCBs; solid tinned copper wire; IC
;8?;32’;8;’%2:{ sockets; plastic spacers; veropins. '
MISCELLANEOUS R237:238:239:240' ' PSU CIRCUIT
: 153,154,159 150
PCBs; solid tinned copper wire; IC R162,163,185,188, 100R RCU
sockets; spacers; bolts; five way con- 198,201,204,207, CAPACITORS
nector for keyboard connection to 210,213,241,242 \
main unit, R165,166,167,168, 1k0 C28,29 1000u 16V axial
169,170,177,178, electrolytic
187,200,206,212, €30,31,32 10n mylar
219,221,225,227
ENVELOPE SHAPER 231,233,235,236 SEMICONDUCTORS , ‘
R172,174,176 2M2 BR1 WO05 or similar 1A
RESISTORS (all 4w, 5%) R179,180,181 2k2 50V bridge rectifier |
R126,128,130,134, R186,192,216,217, 22k 1C43 7805
137, o 222,223,228,229 ICa4 79105
R127,129,131,132, R189,191,193,194, 10k IC45 78L05
135,143,144 10k 195 D205 1N4148
TN
R199,205,211 15k '
R1 33'145' 7 R214/234 47k MISCELLANEOUS
R218,224,230 27k
R142’ ™ R220,226,232 120k T 9V-0-9V, 8VA PC
R146 82k Rv10 22k horizontal mounting
R147 100R miniature preset transformer,
RV6 1M0 log. PC RV11,12,13 10k horizontal PCB; solid tinned com:er wire; mains
mounting miniature preset ?n/off swlt(:h;b Ifusehdo er argl SQOmA :
RvV7 1M0 log. PC use; case; cable and connectors to go |
mounti% between Iéeyboard and main unit; five
RV8 10k minigture RSO single pole changeover switches |
horizontal preset C36,38,39,41,42, 100n polyester (chorus, sustain, three octave select); |
RV9 100k miniature 44,56,57,58,59 65, hook up wire; mains lead; nuts,
horizontal preset 66,83,98 bolts,etc. i
o — 4 . (3 ’ ﬂ
POWER
QUTPUTS
Fig, 17 Component overlay for the PSU, ETI
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MODULAR TEST

EQ

IPMENT

Mike Meakin considers the curious case of the expensive
electronics project and suggests a solution.

look at the average home
A constructor's workbench

will usually reveal a motley
collection of test equipment, built
as necessity dictated and often in
the obligatory biscuit tin with
pencilled calibrations! Low cost
test equipment is available but

often contains little more than an

industry standard IC used in the
manufacturers’ application circuit,
and the cost of acquiring a
complete system can be daunting,

But where does the cost come
from? Have you noticed when
budgeting for new projects that
the electronics cost very little but
the cases, front panels, knobs,
hardware and power supplies all
add up to a horrifying sum? If
these costs could be dispensed
with, more money could be spent
on the electronics witha
consequent improvement in the
performance and hence the
usefulness of the equipment.

The ET! Workstation has no

case, no front panel, and no knobs,

It consists of a series of printed
circuit boards, each carrying one
test instrument and designed to
interconnect to form a complete
system. The modules include a
bench power supply, a pulse

generator, a universal counter-
timer and a logic probe cum
analogue indicator, and as well as
providing voltages for equif)ment
under test the power supply also
drives the other modules. This
removes the need for individual
power supplies on each board and .

| so helps keep costs down.

The constructor can choose to
build any or all of the modules as
required, if necessary assembling
the system over a period of time as
finances allow. In theory, the
gower supply has to be built

efore any of the other modules
can be used, but there is no reason
why an existing power supply
could not be pressed into service,
or even batteries as a temporary
measure if one of the other
modaules is to be buiit first and the
power supply later.

The boards all have a depth of
100mm (or just over 200mm in
the case of the power supply)
which allows a neat finished unit
to be assembled using plastic
guides. To avoid the need for
external controls and panels, all of
the potentiometers mount directly
onto the PCB and are of the
enclosed preset type with integral

| knob. PCB mounting switches

38

have been used throughout and
the counter-timer display and
power supply LEDs are also
mounted directly onto the board.
The only part of the system not
mounted on a board is the mains
transformer, which for safety
reasons is housed in a small metal
case with only the low voltage AC
output fed to the power supply
PCB.

Since the power supply is the
logical starting point in this
project, its design and
construction will be dealt with in
this first article. The other modules
will form the subject of further

articles in subsequent issues.

Power Supply Board

The power supply board is of
conventional design and provides
both fixed voltage supplies for the
modules and variable supplies for
bench use. Additionally a voltage
reference of 10.00V and a
constant current source of 10.00mA
are available. The voltage
reference can be used whilst
prototyping circuits and even
checking DVMs whilst the current
source is most useful for checking
LEDs and zeners and can of
course be used for ramp
generators during breadboarding.

A 4BA screw mounted on the
board provides a OV reference
point and something handy to
which crocodile clips can be
attached. Connection to the fixed
supplies for the modules is made
by soldering to the underside of
the board on the thick bus bars.
This may not be particularly
elegantr)ut itis simple and above
all cheap. '

The mains transformer is
housed in a small metal case alon
with a fuse, mains on-off switch an
neon.indicator. The low voltage
AC is taken via a DIN connector to
the power supply PCB. Housing
the mains transformer separately

ETI OCTOBER 1985
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_HOW IT WORKS

>} — icz
D1
c5
=~100n
sK2
+15V @1A ()
e d A | cs +1,2-15V
@250mA
R1
1ko
e C2 47%3 -
== =]
PL1 crt 00n C4'!'- L
oV 4700u == ouT- .
17V, 17V SVT s o0
= lout 1000
oV 9V EEDiE 10mé
O [ov
LED3
C134] =
4700u =2 L
25V | c1a| c15 m NOTE: —
=~ 100n) 470n =T IC1=7815 €19
IC2 = 78L15 o0n
- IC3 = LM317L
K0 IC4 = 3140 or TL091
IC5,9 = LM317M
IC6'= 7915
. . IC7 = LM337M 1.2V-15V
) IC8 = 7805 @250m
 ice = D1-10 = 1N4gO1 =/ €250ma
ZD1=2N423
>
LED1,2 = RED LED sKs
5V @14 LED3,4 = GREEN LED () +1.26v
ic8 —0 .LED5,6 = YELLOW LED @500mA
BR12 = KBLO2 OR OTHER
3A, 200V BRIDGE RECTIFIER
R11
390R
e C21 | c22 L C2gr
c204| "T100n{ 470n=r 470n™T =
47000 == LEDS c26
25V 1
. \1\ 100n
ov
o/

Fig. 1 (above) Circuit diagram of the power supply and Fig. 2 (below) the circuitry inside the transformer box.

The 8V AC supply from T1 is bridge rec-
tified and fed to reservoir capacitor C20.

A 5V regulator provides the fixed 5V
| supply at a maximum current of 1A for
the modules and an LED indicates that
the supply is present.

The unregulated supply is also fed to
1C9, a variable voltage regulator which
has additional components around it to
provide protection against misuse. The
supply can be set to voltages within the
range 1.2V to 6.0V by variable resistor
RV5. Capacitor C24 provides additional
| ripple rejection while capacitors C23,
C25 and C36 stabilize the ICand improve
transient load response. Diode D8 pro-
vides a discharge path for any large
capacitors that may be hunF on the out-
put when the input supply voltage is bl
removed. Diode D9 discharges C24 on OV‘? ov
switch off and D10 protects the regula- - y

77777 METALWORK OF CASE

120v

T1CAN BE EITHER A SINGLE TRANSFORMER
WITH SEPARATE SECONDARY WINDINGS OR
TWO TRANSFORMERS CONNECTED AS SHOWN

120v ov ov :AY

oV 20va
120v

torifreverse voltages are fed intoits out-
put. An LED again indicates when the
supply is present, The:input voltage and
heatsinking allow this regulator to

ECH

supply up to 500mA before thermal
shutdown. )

The operation of both the fixed and
variable plus and minus 15V supplies is
similar to that of the 5V supplies
described above. However the current
drawn from the variable supplies should
be limited to about 250mA (dependant
on the output voltage) because of heat-
sinking limitations.

The unregulated positive supplyis also
fed via D1 to an additional smoothing
capacitor C4 to provide supplies for the
constant current source and the voltage
reference. This arrangement gives some
isolation of transient loads on the main
15V supply. A low Rower 15V regulator
supplies 1C4 which is configured in a
classic buffered zener arrangement, The

bandgap voltage is amplified to give an

adjustable 10.00V reference voltage at
1IC4 output. As both output and
reference voltages are fixed a constant
current flows through the reference
voltage. The inputs of 1C4 operate at
1.2V above 0V and a 3140 or TL0O91 op-
ampmustbe used in this position. A317L
regulatoris used for the cosntant current
source and is set to 10.00mA under short
circuit conditions by RV1.

_»
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Fig. 2 Component overlay for the power supply PCB.
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PROJECT: Test Gear

PARTS LIST
RESISTORS (all AW 5%)
R1,5,8 1ko0
R2 100R
R3 1k5
R4 8k2
R6, 9,11, 13 390R
1 R7,10 820R
R12 270R
RV1 50R, 20-turn, %"
cermet preset
i RV2 500R, 20-turn, 3"
i cermet preset
RV3, 4 4k7 carbon track
reset with integral
nob
RV5 1k0 Carbon track
reset with integral
nob
CAPACITORS
C1,13,20 4700u 25V axial
electrolytic
C2,5,7,12, 14,19, 100n 100V multi-
21,26 layer polyester
C3,9,15,16,22, 470n 100V multi-
23 layer polyester
| C4 470u 25V axial
] electrolytic
Ce6,11,18, 25 10u 35V tantalum
or radial electrolytic
cs8 1u0 35V tantalum
or radial electrolytic
C10,17, 24 10u 16V tantalum

or radial electrolytic

SEMICONDUCTORS

15V — see text)
50VA plus 9V 20VA
mains transformer

| PCB; case for transformer; 8-pin DIL IC
socket; heatsinks, 6 off; four-core

screened cable, heavy duty, for AC

| connections to power supply board

1| from transformer; mains plug, cable

bolts and washers for heatsinks; 4BA
| nut, bolt and washer for 0V tag.

IC1 7815

IC2 78115

1C3 LM317L (100mA)

IC4 3140 or TLO91

1C5, 9 LM317M (500mA)

1Cé 7915

1C7 LM337M

1C8 7805

D1-10 1N4001

D1 ZN423

LED1, 2 red LED

| LED3, 4 green LED

LED5, 6 yellow LED

BR1, 2 KBLO2 or other 3A,
200V bridge
rectifier

| MISCELLANEOUS

FS1 500mA anti-surge
fuse and panel-
mounting holder

LP1 mains neon, panel
mounting

| PL1 6-pin DIN plu

SK1 6-pin DIN socket

SK2-4 4-way 10A PCB-
mounting screw
terminals

SW1 DPDT mains toggle
switch |

T 17-0-17V (or 15-0-

and strain relief bush to suit; 6BA nuts, |

b
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and feeding only low voltages to
the boards is an essential safety
requirement if the system is to be
used, as intended, without a case.

Construction

Whilst care has been taken to
make the modules easy to
construct, the usual precautions
are necessary. Frequent reference
should be made to the PCB layout
diagram and attention to the
polarity of diodes, LEDs capacitors
and ICs is very important. A socket
is recommended for |C4 and LEDs
should be spaced away from the
surface of the board before
soldering. It is not necessary to fit
insulating kits on the heatsinks but
a little thermal grease should be
smeared around each IC tab
before mounting to ensure
efficient heat transfer.

The mains transformer should
be installed in a small metal case,

the exact size of which will be
determined by the transformer or
transformers you choose. Ideally a
single transformer with separate 0-
9V and 17-0-17V windings should
be used, but these are not widely
available. Two separate
transformers will work just as well
but will, of course, require more
space. If 217-0-17V transformer
cannot be found a 15-0-15V one
can be used in its place, but this
will lead to a loss of regulation if
theJ)ower supply is used at full
load.

Take care with the mains wiring
inside the box and make sure that
the incoming mains cable is
secured by a good strain relief
bush. Solder ieads from the
secondary of the transformer to a
six-pin DIN socket mounted in the
opposite end of the box to the
mains wiring. In view of the
exposed nature of the test
equipment boards, it is most
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PROJECT: Test Gear

important that there is a good
earth connection to the boards. To
this end, make sure that the
incoming mains earth, the
transformer screen (if present), the
box metalwork and the DIN
socket OV pin are all reliably
connected together. Similar
attention should be paid to the
DIN plug and lead which carry the
transformer output to the power
supply board.

Testing

The transformer box should be
tested on its own before plugging
in the board. Double check the
earthing arrangements and then
switch on. If all is well, connect to
the power supply board and
switch on again. You should be
rewarded either by twinkling LED's
or smoke! If the latter then rapid
disconnection of power is
recommended. Otherwise, check
that the fixed supply voltages are
correct to within plus or minus 5%,
then check the variable supplies.
Finally, adjust the voltage
reference against the best DVM
you can borrow and adjust the
current source under short circuit

for 10.00mA. :
BUYLINES

The resistors and capacitors are all RS arealso the only source weknowof - of toroidal transformers claim that their
widely available and so are most of the- for the moulded presets with integral products can be used with the secon-
semiconductors. The exception is I1C3, knob used in the RV3/4 and 5 positions dariesin parallel, in which case a 0-9 + 0-
the LM317L 100mA variable voltage (stock no.s 184-344 and 184-322 res- 9 30VA toroid could be used, However,
regulator. The only supplier we know of pectively). Different gges from other we have our doubts about this practice,
for these is RS components (stock no. suppliers could be used but the PCB may so unless it is specifically recommended
303-179), who will only accept orders have to he modified slightly to accept by the manufacturer we advise against
from trade and professional customers. them, it.
Crew-Allan & Co of 51 Scrutton Street, We do not know of anyone who stocks The PCBs will be available from our.
London EC2 will obtain RS parts for you a single transformer offering the PCB Service, for details of which see
on payment of a small hancllaling charge, required voltages, but Maplin have a the note in News Digest. Please note
but you may prefer to use another multi-tapped type which gives 17-0-17v that, to save costs, theywill notbe screen
LM317M instead. There is no harm in at2Aand RS can suEpIya4.5+4.5Vt pe printed as are the prototypes shown in
using the higher-rated device and it rated at 2.2A (stock no. 207-122), E?Iec- this article.
should not be too difficult to bend the trovalue have a 9V 2A type which could
pins to fit, be used at a pinch. Some manufacturers ET
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FEATURE

AUTOMATIC TEST
EQUIPMENT

Love it or ‘ate it, automatic test equipment is here to stay.
W.P. Bond begins a short series in which all will be revealed.

one form or another for nearly three decades.

In recent years, the introduction of LS| and VLSI
circuits has totally changed the requirements for ATE,
especially since the equipment and procedures must
meet the needs of volume production. Cost is
perhaps the most important consideration today, and
this must be understood in relation to the two general
types of test .procedure: functional and in-circuit

a utomatic test equipment has been around in

testing, :
Functional testing looks at ali the functions of a cir-
cuit — taken in isolation from a whole system of
INPUTS
1 Qe
2 Qmm——
3 Omr———

4 Oee———{ GATE DR OU"”’,U'T
5G] NETWORK 01

Fig. 1 In the simple case, 256 test patterns would be needed
to cover every input combination.

which the circuit may be a part. The circuits involved
(and, of course, the test Frocedures) can be digital or
analogue. Digital — or logic — circuits are simpler
than analogue circuits from the viewpoint of
automatic functional testing. There are simple ‘go/no-
go' resuits obtainable with logic circuits, while
analogue devices need to be tested within a broad
range of acceptable performances. It makes sense to
begin an examination of ATE with logic circuits.

Some Logical Steps

There are four main categories of logic circuit:

% Combinational Logic (outputs are dependent
solely on the present inputs).

Sequential Logic (outputs are dependent on
present inputs and on previous outputs: circuits with
memory or feedback).

% Bus Structured Logic (combined circuitry of the
above types on MPU-type boards with components
connécted by a bus-structure).

Random Logic (combined circuitry without a
bus-structure).

The testing procedure for any given circuit or cir-
cuit assembly will depend on the category it belongs
to.

There are a number of other considerations that
have to be borne in mind when devising test pro-
cedures, apart from the categorisation of the circuit
concerned. Even in simple cases, functional testing
may have to be uneconomically elaborate in order to
detect all possible faults. The 8-in[3ut gate in Fig. 1
would require 256 test patterns if all input conditions
were to be covered. In general, a combinational logic
circuit with n-inputs requires 2N test patterns for
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100% truth-testing. Such ‘exhaustive testing’ (ET) very
quickly becomes unwieldy — even with straightfor-
ward combinational circuits.

INPUTS
KO

OUTPUT
(f}

Fig. 2 Redundant gates can result in fault-masking.

Most circuits are not straightforward. One par-
ticular problem is caused by the presence of redun-
dant logic, often built-in for reliability. The circuit in
Fi}g‘. 2, for example, includes a redundant gate (G2) —
which can be shown by simplifying the output func-
tion, A.C+B.C+A.B, using Boolean algebra or
Karnaugh mapping. In this case, a fault in the redun-
dant gate may ‘mask’ faults in the non-redundant cir-
cuit elements. For example, in this case if the output
from the redundant gate is permanently low (‘stuck at

0’ or SA0), it will have no effect on the network out-

put. But if it is permanently high (‘stuck at 1’ or SA1),
then the network output will be permanently high
reﬁardless of what's happening on the other gates. In
effect, the SA1 condition on the redundant gate masks
any faults on either of the other gates.

The typical test points are shown in Fig. 3 for a
sample circuit. From Fif' 4, it should be clear that the
same symptoms can follow from a variety of faults. An
SAO pin fault on the B input to the NAND gate in the
figure will be indistinguishable at the output from an
SA1 node fault —the same input test patterns will
result in the same outputs. To locate faults
successfully, it is important to test the circuit in ques-
tion at more points than its inputs and outputs. Figure
5 shows a small logic circuit with redundancy in which

—

CONNECTOR CONNECTOR
1= OUTPUT FAULT

2= INPUT FAULT

3= NODE FAULT

4=PIN FAULT

Fig. 3 Test points in a typical circuit section. P
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an SA1 pin fault would go undetected if the circuit
were tested at inputs and outputs only. This sort of
fault would be seen where an open circuit existed at
the pin, since open circuit inputs float high. Because
of this, inputs tied to V. are sometimes. classified as
‘undetectable’ for fauit-finding purposes.

A B 1 f2

o lo—
> {f1)
BO—X /

SAQ

AC .
x—»(fz»
BO SA1

Fig. 4 Different fault, same truth table.

It's worth noting that there are two kinds of redun-
dancy in circuits: fault-masking and self-checking, In
the first, faults are masked by multiple circuits
performing the same task. In the second, faulty cir-
cuits are switched out of the system and good circuits
switched in to take their places.

N =)
=
PN

o
1
P
1

B
@
=

ouTPUT
INPUT ) (f

-
-l
- - 2

Fig. 5 The fault here is undetectable.

Sequential logic presents the test procedure with
yet more problems. Figure 6 shows a circuit configura-
tion in which there is no direct path between the fault
(SAO at input 1) and any output. Here again, the impor-
tance of good ‘test-pointing’ becomes obvious. This
kind of fault is described as latent and its detection
requires a series of test-patterns to ‘walk’ it to an out-
put pin. The example shown would require three con-
secutive test-patterns to clock it through gates G2 and
G3. With less than three test-patterns, the fault would
simply notappearatanyoutput. The numberof patterns
required to propagate the fault tothe outputis called the
degree of latency.

L S
A N
CLK —PLLK
G2 G3
X I g L l 9]
L] L
Fig. 6 A latent fault.

Changing inputs can give rise to their own pro-
blems. The commonest is called racing, Race hazards
take the form of unwanted transients (signal spikes)
caused at the output to a logic circuit when two or
more inputs change at the same time, These are often
known as glitches. In Fig. 7, for example, inputs A and
B are meant to change simultaneously from 1 and O,
respectively to 0 and 1. If B reaches the 1 state slightly
before A reaches the 0 state, then the output will
display the negative-going spike shown. (Such glitches
often occur in latching circuits with feedback —
dividers, for example). Testing at the output can lead
to spurious results in this situation. The simplest solu-
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tion is to build-in a time delay at the output test point
greater than the propagation delay of the gate.
Untestability Is Detestible

Testability must be designed into electronic mod-
ules if they are to be properly tested in the first place.
Obvious though this sounds, it is all too often
overlooked by circuit designers — perhaps because
‘testability’ itself is an awkward and ill-understood
notion,

STATIC STATES

B .
e ¢ o
o { = o alle o

:3 o il

|
‘ .
t . i 1

Fig. 7 Generating glitches in a NAND gate.

Testability implies not only the possibility of test-
ing a module or circuit but also the existence of a set
of guidelines aimed at maximising test efficiency.
Because of the specialized nature of individual com-
plex analogue designs, | will limit the present discus-
sion to functional testing of static digital circuits —
although the principles do not lose in generality. (it's
worth noting that functional testing, aItI%ough perhaps
more easily understandable, is actually more rigorous
than in-circuit testing and as much as ten times more
costly).

Test procedures can be considered to have three
main aspects: initialisinF, observing and controlling.
For a circuit to be testable, each of these aspects must
be catered for.

% Initialising. This is the process by which all
nodes of the unit under test (UUT) are set to known
states after power-up and before test patterns are
applied. Initialising (Fc))r initialisation) is essential for
reliable and meaningful testing.

% Observing. In the context of ATE, this means
minimising the amount of human intervention needed
to identify faulty components. Observing entails the
correct monitoring of a circuit and involves the provi-
sion of suitable ‘test points’ in the design. Obser-
vability is the key to maximising the effectiveness of
ATE.

% Controlling. For proper functional testing, the
ATE must be capable of controlling the UUT — usually
by means of an edge-connector. If all functions of the
UUT cannot be exercised, then testing will be
inadequate.

In The Beginning

LSI designs are most commonly sequential and the
failure to initialise can mean testing circuits in forbid-
den or indefinite states. There are four main factors
in designing-in the ability to initialise a circuit:

% There should be access to deep sequential cir-
cuits — which is a criterion of observability.

There should be a means of
or breaking feedback-loops.

There should be access to reset and preset
lines in memory elements,

In certain cases (for example, VLS| devices
where there is no access to reset or preset lines), it
should be possible to use ‘software initialisation’.

Figure 8 shows a simple sequential circuit — a
counter or shift register, for example — without and
with testability built-in. If appropriate test points have
not been provided on power-up all the memory ele-
ments, f(1§)to f(n), will be in an unknown state Zan X-
state). The output will also be in an x-state. Without
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access to reset or preset, a ‘homing sequence’ would
have to be provided by the tester. Further, if a fault
existed the failure could be observed at the output,
but without the use of a guided probe routine and
suitable test points fault isolation would be imposs-
ible. This is a failure of observability or diagnostic

visibility.
+BV s
s CLR
H/P Qmmsicnment §(1) | (25 | £(3) | (4) o
('.:LKO-————-—--|

NON-PREFERRED METHOD

b TEST POINTS TO ATE FOR

DIAGNOSTIC SENSING

[PEE—
s ittt
RESET CLR
{/P Qe £(1) | £(2) | #(3) | £14) f(n) o/P

PREFFERED METHOD FOR FAULT

CLKO———-—J
ISOLATION AND INITIALISATION

Fig. 8 Sequential circuit in non-preferred and preferred
configuration for testing.

in the lower diagram, test points and a reset line
have been provided. Since the reset line, in particular,
is no longer hard-wired to V. we need only apply a
clear signal to initialise the circuit rather than ‘go
through the elaborate motions of a homing sequence.

In Fig. 9, a feedback loop has been introduced in
to the sequential circuit. Even if test points and the
reset line are accessible, so that initialisation — at
least — does not require a homing sequence, the pro-
blem of fault diagnosis remains. Because of the feed-
back loop, a fault may be propagated to all points
around the loop. To overcome this, the loop must be
breakable. The lower diagram shows how this is done
— when the control point goes low, the loop is
broken.

NON-PREFERRED CONFIGURATION

|11t

RESET O ﬂ‘l)’ ftzy | £(3) | f(4) #{n}
1/P O

» O/P

ATE CONTROL
POINT {DISABLES
FEEDBACK WHEN LOW)

CLR 1
RESE T Qe £(1) | 1(2) | H3) | F(4) f{n)
R

»0/P

PREFERRED CONFIGURATION

Fig. 9 Breaking a feedback loop.

In Fig. 10, a typical cross-coupled latch is shown.
By itself, this poses no initialisation problem, even
though the circuit will power-up into an x-state.
However, if such latches are deeply embedded in a
circuit and if component gates are from different
chips, there may be a serious test problem, The pre-
ferred method of control, shown in the lower diagram,
is to use three-input gates as components so that
access points exist to break the feedback loops.

In general, initialising combinational ciruits pre-
sents no problems, since outputs are purely depen-
dent on inputs. The first test pattern to be applied will
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set all nodes to a predetermined state. Initialising
sequential circuits is always more complicated since
such circuits contain x-states after power-up, These
must be flushed out of the system before testing can
begin. Since ATE programs must themselves be tested
by means of a computer simulation or model circuit, a
further problem is encountered. The model circuit will
almost certainly power-up into a different state from
any other — model or real — circuit.

+5V

RO

TYPICAL CROSS-COUPLED LATCH,
NON-PREFERRRED CONFIGURATION

80O

Fig. 10 Breaking the feedback
loops in a latch.

. PREFFERED CONFIGURATION

A set of test patterns needs to be devised which,
when applied to the UUT, will set it to a known state,
regardless of its initial condition. This is known as a
synchronizing sequence. In a simulation test, the
model is then put into the same condition using the
same synchronizing sequence before testing
proceeds. s

The synchronizing sequence can act as a homing
sequence in the absence of a reset line. A simple
example might involve a synchronous counter — for
example, a 74163 — in which all data inputs are set
low, the parallel load is enabled and the clock pulsed.
Obviously, access to the reset would achieve the
same object at a lower overhead.

The difference between a synchronizing sequence
and a homing sequence, in general, is that the
synchronizing sequence is always the same in each
particular, while the homing sequence involves an
algorithm to modify its stages in the light of the circuit
behaviour. Homing sequences are, in effect, programs
with loops and branches and are commonly known by
the abbreviation AHS which stands for ‘adaptive hom-
ing sequence’.

CL K Oormmrne] CLK Oty
RST_G]
l*Vcc
NON-PREFFERED
CONFIGURATION R2 co&;\lﬁFﬁEf}ERRAET%N

+Vee

Fig. 11. Homing sequence versus synchronised sequence. I’
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Figure 11 shows a standard divide-by-two circuit.
While the right diagram illustrates a simpler arrange-
ment — from a test point-of-view — in which initialisa-
tion would require only a single-step synchronizing
sequence (reset or preset directly), the left diagram

shows a simpler circuit which can be handled by use

of an AHS.

The following algorithm would provide a suitable
sequence:
1.Set CLKto O
2.SetCLKto 1
3. 1f Qis 0, then go to step 1
4. Return to test (output Q, known to be 1).

Bad design is the bane of the tester's life. An exam-
ple of unhelrful design is shown in Fig. 12 — a section
of an actual circuit used in a currently operational
ship’s navigation system. Basic principles should
immediately suggest that it was bad practice to tie J, K
and the preset inputs on IC1 (the 7476). Even though
the reset lines are available to the tester, close
examination reveals another problem. Reset on the
7476 is asynchronous — which is to say, it works
independently of the clock — while reset on
the 74163 is synchronous — which is to say that it
needs an appropriate clock pulse to operate.

+5V

) - QoF—
2] 2 01L>
4 n oHe LK =
Q 1c2 Q22—
1 74163 1
JL o t>CLK A Q3P
76 L
' L 14
16l ‘& o

piso<tR !

Fig. 12 An actual unhelpful design.

. Since the clock pulse for the 74163 is derived from
th 7476's Q output, the ‘163 will never receive a clock
pulse when the ‘76’s reset line is low. In other words,
in this design configuration it is impossible to reset
both ICs at the same time. To make matters worse,
there were no direct outputs available from the ‘163.
All of which makes it very difficult toinitialise the circuit.

Now You See It

As has been suggested, the observability aspect of
testing and the agllity to initialise circuits are not
totally separable. Observability is really a way of talk-
ing about the effectiveness of ATE, which is clearly
influenced by the position with respect to initialisa-
tion. It's already been shown how feedback loops and
the lack of circuit isolation can make it impossible to
achieve the desired degree of diagnostic resolution —
to use the jargon.
There are three waYs' in which the circuit designer
can improve observability:
By partitioning circuitry (for example, by
function). :
% By providing ways to break feedback loops.
By providing means of isolating faults (for exam-
ple, the inclusion of suitable test points).

Walking The Dog

Functional testers are, in Fractice, ‘edge connector
oriented’ and good controllability demands careful
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attention to the board design of any circuit. Effective
ATE must be able to readily and properly exercise
every component on the board. Good design, from
the test point-of-view, will reduce the number of steps.
Fhalt need to be taken in order to cover all detectable.
aults.

The control functions that need to be available to
the ATE can be grouped under five headings:

1) Reset and preset inputs.

2) Tri-state contol lines, enable and disable
signals.

% 3) Feedback disable.

4) lIsolation and control inputs for free-running
devices, in particular clocks.

5) Synchronization signals, especially where
microprocessor based modules are being tested, so
that the UUT and the ATE may be synchronized.

Reset and preset lines should never be tied
together or hard-wired to V. or GND. They should
be ‘soft-wired’ by use of pull-down or pull-up resis-
tors, to which test-points are connected. CMOS input
can be pulled high or low through an appropriate
resistor, because CMOS requires only a very small
bias current (about 1pA) to establish logic high or low
states. TTL, however, can only be successfully pullied
high through a resistor, because it requires quite a
high sink current (about 2mA) to establish a logic low
state Active pull-downs should be used, if over-.
driving is required, as illustrated in Fig. 13. Passive
resistors would have to be of too low a value for the
ATFE's drivers to source a high on to the input. For
example, pulling four TTL inputs low would demand a
resistor passing 8mA across a maximum potential drop
of 0.8V. 1t would have to be approximately 100ohms.

PREFFERED METHOD FOR PULLIMG-UP TTL 4

CONT%E N
POINT ’ EN
PREFFERED METHOD FOR PULLING-DOWN
TTL USING ACTIVE CIRCUITRY

Fig. 13 Pulling down and pulling up TTL.

Access to tri-state control lines is particularly
important when testing memory boards or bit-slice
processors in which circuit operation depends on
ROM contents. Without access to the tri-state lines, it
may be very difficult to control the circuit since the
ROM contents may make it impossible to exercise all
the circuit nodes. The ATE must be able to override
such memory-based constraints.

Feedback loops have been dealt with above and
the preferred method, shown in Fig. 9, requires no
operator intervention but can be handled entirely by
the ATE software. Of course, switches or links could
be used instead.

Control of free-running devices and synchroniza-
tion can be treated as two sides of the same probiem,
since one relates to situations in which the ATE must
control the UUT — perhaps, to single-step through a
sequence of states — and the other to situations in
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which the ATE must simply proceed in step with the
UUT.

In the first case, serious synchronization problems
will in any case occur where a clock-controlled circuit
is operating at a greater rate than the fastest operation
of the ATE. Figure 14 shows one way of controlling
free-running devices. Under normal operating condi-
tions G1 and G2 would both be enabled allowing the
clock pulse through. Under test, control point 1 would
disable the clock when taken low by the ATE, allowin
an ATE controlled clock to be injected in to contro
point 2, This is the preferred method, although the
same effect could be achieved manually by the use of
switches or links.

|
|
I
|
| CONTROL
L

|
|
|
[ RZ
|
controL | i — QT2
POINT |l ‘ oI
DIS O _| |
W e |
| ITo REST OF
FREE
| |RUNNING CIRCUIT
i | DevicE i
| 04,
| [Locoex 1
TN N B B - J

Fig. 14 Asynchronous circuit control.

Synchronization itself is best achieved if the use of
multiple clocks is avoided whenever possible. This
subject will be dealt with more fully later in this series,
when we come to the topic of ‘signature analysis’.
Multiple-phase clocks present no problems, but mul-
tiple clocks cannot be synchronized with. If a multiple
clock system cannot be avoided, it should derive each
clock signal from a master clock, divided down. This
allows a common sync point for the ATE to latch on to.

On The Buses

When testing bus-structured circuits, synchroniza-
tion alone is not enough. The ATE must be able to
force the circuit’s controlling microprocessor to relin-
quish control of its address and data buses.

If an MPU is used in conjunction with a ‘direct
memory access’' (DMA) device, the DMA device must
be capable of instructing the MPU to release its buses
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so that 1/O or memory block transfers can take place
without involving the MPU. Suitable control signals
are available on many common MPUs which enable
them to put their bus outputs into a high impedance
state. Normally, a DMA controller would be used to
handle the procedures involved. o

The Z80, for example, features a bus request line,
BUSRQ, and the 8085 features a similar HOLD line
which are used to flag the MPU when the DMA
device is about to make a data transfer. On the next
cycle, the MPU will finish its present task and flag the
DMA device that it has released its buses using — in
the above examples — the BUSAK or HOLDKL lines.
The DMA device then takes control of the buses.
MPUs that do not contain built-in tri-state buffers on
the bus lines (for example, the 6502) must be
augmented by external tri-state devices if they are to
be used with DMA devices or, indeed, with ATE.

$500.00

$50.00

$5.00

$0.50

T S0.05
Incoming  in-circuit Functional Final in
Inspection Testing Testing Assembly Field

Cost comparison for|various testing procedures.

In the case of MPU-controlled bus-structured cir-
cuits, effective testing can only be achieved if the
ATE has direct memory access either through control
lines on the MPU itself or through enable/disable
lines on external tri-state buffers,

The Story So Far...

The requirements for testability apply equally to
manual and automatic testing. While manual testing
can proceed even with a badly thought-out and laid-
out module or circuit by the application of a little
ingenuity, automatic testing is often impossible with
inadequate circuit design. In essence, the circuit
designer’s responsibility is to provide all the necessary
test-points and control lines to enable the ATE to track
down all possible faults.

So far, we have only dealt specifically with the
functional testing of digital boards. This makes the
most rigorous demands on the circuit designer. In
subsequent issues, we will turn our attention to in-
circuit testing and to analogue circuits and, most
importantly of all, to actual test techniques and
procedures,

The author and ETI would like to thank the following ATE manufac-
turers for their help and co-operation in the preparation of these;arti-
cles. Factron-Schlumberger provided us with the cartoons used in
the series and with some valuable information. Zehntel Performance
Systems, Genrad Inc., and Hewlett Packard have given permission to
re-print details of products and software — Zehntel's Columbia
2000 and their ‘timing emulation’ technique; Genrad’'s ‘memory
emulation’ technique; and HP’s DTS-70 and 3065 machines, simula-
tion techniques and ‘Safeguard’ in-circuit software package. ETI
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Do you ever get the feeling that rising would be a lot easier if it

weren't for the shine? Margaret Blake describes a project to lighten
your mornings — gradually!

am on a cold and dark Mon-

day morning in winter. The
previous evening you were out
celebrating with friends and are a
bit under the weather. The radio
alarm clock switches on and you
are awakened gently by its
melodic outpourings. All is well
until a lone hand ventures from
beneath the warm blankets to
switch on the table lamp....
AAAAAARG !

The advent of the clock-radio
removed the sudden noisy start to
the morning, but what about the
switch-on of the bedroom light?
Couldn’t something be done to
remove that shock too?

This article describes the con-
strution of a wunit which will
gradually illuminate a mains-

P icture the scene: it is 7.30

Eowered lamp when it is triggered
y an alarm clock or other input.
The lamp will take several minutes
to progress from darkness to full
brightness and will then remain on
for either 16, 32, 64 or 128
minutes as desired or until the
mains supply is switched off. The
circuit is so arranged that the lamp
can still be switched on at full
brightness in the normal way when
required.

The control circuitry is com-
pletely isolated form the mains
and operation is triggered by a
1.5V pulse to an Enab%e input. This

allows the unit to be used in other

applications, for example, in an

| animal hutch, with a simple switch

being used to trigger the lamp
brightening process. With a few
simple modifications the circuit

can also be arranged to dim pro-
gressively when triggered instead
of brightening,

If the unit is to be built as a
self-contained alarm clock, some
sort of timing circuitry and display
will be required. Rather than use
separate timing ICs or a single
clock chip which would then have
to be interfaced to a display, the
prototype was built around a com-
plete clock module, This consists
of a liquid crystal display with an
integral clock circuit and comes
complete with a mountinF bezel.
It costs around £16.00 pius VAT
but this is probably not a lot more
than the cost of using individual
components and construction is
made a lot simpler.

The module requires a supply
of 1.5V DC. It is advisable to

The Sunrise Alarm: not at it's brightest first thing in the mornings. . . .
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3 470u
T 25V
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NOTE.
IC1 = 4093
1C2,3=741

o
ENABLE

Q1-4 =BC109
SCR1 = TIC246D
D1-3 = 1N4001
D4 = 1N4143

Fig. 1 Complete circuit diagram of the Sunrise lamp brightener.

1C4 = MC3020 OPTO-ISOLATOR

switch off the lamp brightener
when not in use, so, to avoid hav-
ing to re-set the clock each time
the unit is switched on, a 1.5V dry-
cell battery is used. A separate
mains power supply could be
incorporated but the clock con-
sumes so little current that it
would be a very long time before
the supply paid for itself in saved
battery costs.

The clock module includes an
incandescent back-light to
illuminate the display. This also
operates at 1.5V but draws rather
more current than the clock. Since
the lamp brightener would nor-
mally be plugged in overnight
ready for the morning, the back
light could be connected to the
lamp brightener’s supply via a suit-
able dropper arrangement. The

‘nents all

light would then also operate at
night when it is most needed. This
facility was not included on the
protothe but should be simple
enough to add.

Construction

The lamp brightener compo-
mount onto the PCB
with the exception of the mains
transformer, the LED and, of:

HOW IT WORKS _

The incoming mains is stepped down by
T1 and then full-wave rectified by D2 and
D3 before being applied to the voltage
divider chain, R1 and R2, The voltage at
this-point consists of a series of positive
half cycles at the mains frequency. A
proportion of this voltage is fed from
the divider chain to the Schmitt trigger,
1C1a, which squares-off and inverts the
signal to produce a positive pulse each
time the applied mains goes through
zero. The full-wave rectified voltage,
meanwhile, is fed to C1 which produces
a smooth DC cutput while D3 prevents
the action of this capacitor affecting the
voltage on the divider chain.

The pulses from ICla are fed via
diode D4 to the network consisting of
C2, R3 and RV1. At switch on, the DC
supply voltage will appear across R3 and
RV1andthe junctionof C2 and D4 will be
more or less at the same potential as the
supply rail. As C2 charges, however,

more and more of the voltage will appear
across the capacitorinstead of the resis-
tors and the voltage at the junction will
drop towards 0V. When the mains next
passes through zero and a pulse is
delivered by 1C1a, the capacitor will be
discharged and the process will be
repeated. The voltage appearing at the
inverting input of 1C3 will therefore be a
series of ramps synchronised with the
mains frequency.

R5, R6, C3 and 1C2 form anintegrator
whose voltage will rise linearly with time
over a period of several minutes.
When the Enable input is taken above
about a volt or so, Q4 will start conduct-
ing and pull down the input of IC1c. The
output of this Schmitt will then go high
and illuminate LED1. The input of 1C1d
will also be taken high causingits output
to go low and this will turn off Q1. The
output of 1C2 will then start torise.

IC3 acts asa comparator of the signals
from 1C2 and the ramp signal from IC1a

—|
and D4. The output of this 1C will go high
when the voltage coming from D4 is
below the voltage from1C2. IC3’s output
will be mostly low at first, but as the
voltage from IC2 rises steadily 1C3 will

o high earlier in each mains cycle. IC1b
is another Schmitt trigger and acts to
sharpen up the transient of I1C3, its out-
put switching cleanly between the posi-
tive supply rail and ground.

R8, R9, Q2, Q3 and R10 provide the
_drive for the LED which is contained
within the opto-isolator, IC4. The other
half of the opto-isolator is a small triac
which, when triggered by a current
through the LED, conducts and causes
current to flow from R11 and R12 into
the Eate of the main triac, SCR1. Thus,
as the voltage from IC2 rises steadily,
the triacwill conduct for alarger percen-
tage of each hali-cycle and the lamp will
slowly brighten. Swopping over the two

inputs to [C3 will cause the lamp to dim
gradually instead. J»

ETI OCTOBER 1985
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. ———PARTS LIST —

| RESISTORS (@ll %W, 5%)
R1,9,14 10k
R2, 3,13 100k
R4, 8 4k7
E RS 1M0
R6 3M3
R7,10,15 1k0
R11 47R
R12 - 100R
RV1 1M0
CAPACITORS
cl 470u 25V
electrolytic
c2 10n
C3 47u 25V
i electrolytic
SEMICONDUCTORS
IC1 4093
1C2, 3 741
ic4 MC3020 opto-
1 isolator
Q1-4 BC109
| D1-3 1N4001
D4 TN4148
LED1 . red LED with
anel-mounting
ush
SCR1 TiC246D
MISCELLANEOUS
FSt1 1.5A fuse and PCB-
mounting holder
Swi1 : DPDT mains toggle
switch
T 9-0-9V 100mA

chassis-mounting
! mains transformer
PCB; case; IC sockets if desired, 1 off

" LIGHT BRIGHTENER |

14 pin and 3 off 8 pin DIL; four-core
mains cable and either four-pole plug
and socket or strain relief bush to suit;
| three-core mains cable and strain relief
| bush to suit; heatsink for triac (used
only if heavy load is being driven); nuts
| and bolts; veropins; PCB stand-off
pillars; connecting wire, etc,

— BUYLINE

Most of the parts are widely available
from our advertisers and the usual
mail-order suppliers and few of the
component values are critical anyway.
The opto-isolator is available from
Watford Electronics and Maplin stock
four-core mains cable and plugs and
sockets to suit. The clock module is an
RS part and can only be obtained
directly by trade and professional
customers, but Crewe-Allan of 51
Scrutton Street, London EC2 can

obtain it for you on ;l:ayment of a smail
handling charge. Other clock modules
which offer similar functions and
operate from a 1.5V supply should be
suitable,"and there is no reason why a
unit buift up from individual parts or an
existing electronic alarm could not be
used provided a 1.5V signal can be
obtained from them to drive the
brightener circuit. The PCB will be
available from our PCB Service, for
details of which see the note in News
Digest.

CATHODE

MAINS LIVE
(SOLDERED T
UNDERSIDE
OF BOARD)

P ———

TO sW1 LIVE OUT
TO LAMP

Fig. 2 Component overlay for the lamp brightener PCB.
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PROJECT:

Light Brightener

course, the on-off switch. The triac
is run well within its rating and
doesn’t need a heatsink so it too is
mounted directly onto the PCB.

Begin assembly by soldering
.into place the hardware items
-such as the circuit board pins, the
fuse holder and the IC sockets (if
you are using them), then install
the passive components (resistors,
capacitors, etc) and finally the
semiconductors (the diodes, tran-
sistors, triac and ICs). Secure the
triac to the board with a nut and
bolt and include a solder tag
ready for the connection from SW1.
If 1C sockets have been used, the
1Cs should be placed in them only
when all of the soldering is
complete.

Install the PCB in the case,
making sure that the end which
carries the mains circuitry is well
clear of the switches and any other
projections with which it might
come into contact. If you are
using a metal case it should be
well earthed, and you should take

articular care to ensure that the
ive end of the board is well clear
of the case sides.

Bolt the transformer into place
and then install the on-off switch

.

and the mains wiring. Use a four-

core mains cable for the output to -

the table lamp and route it
through a grommet and some kind
of strain relief arrangement in the
rear panel. Alternatively, if you
don’t want the table Iamﬁ to be
Eermanently attached to the lamp

rightener, a four-pole socket can
be used on the rear panel and the
table lamp fitted with a matching

plug. Wire up the LED on the front |

anel and temporarily. attach a

ayonet lampholder and bulb to
' the end of the four-core cable. :

Temporarily short the two pins
at the timer input on the PCB and
then connect the unit to the mains
and switch on. The LED should
light up to show that the circuit
has triggered and the light bulb
should come on slowly over the
next few minutes. Don’t get too
worried if nothing seems to be
happening early on — even after
two minutes the lamp should still
only be glowing faintly and it

should take a further five minutes

to reach full brightness. If that
seems a long time, remember that
Murphy’s law states that five

minutes in the morning is longer
‘than five minutes at any other time

of the day! If all is well, switch off
to reset the circuit then switch on
again and set the initial brightness
as desired by adjusting RV1.

Disconnect the unit from the
mains and install the clock mad-
ule, the battery and the push but-
tons which select the clock
functions. SW2, SW3 and SW4
should be mounted on the rear
panel and SW5 and SW6 should
be on the front panel. The connec-
tions to the clock module are
shown in Fig. 3.

Break the temporary short cir-
{cuit across the PCB timer pins and:
connect the CNT lead from the
module to the Enable pin. Don’t
forget to provide a connection
from the negative side of the clock
battery to the negative rail of the
brightener circuit and the mains
earth. The parts all fitted fairly
tightly into the case used for the
prototype, so if a similar case is
used a degree of care is essential if
the wiring is not to become a real
mess.

The final stage in the construc-
tion is to re-wire your table lamp
with a four-core lead. The connec-
tion arrangement is shown in Fig.
1. The only mains rated four-core
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—.PARTS LIST — CLOCK_.
| R1-4 100k
SW2,3,5,6 momentary action ||
' push-to-make
switches
Sw4 latching push but-
ton switch
B1 1.5V AA battery
and holder
| Clock module LCD clock
module RS type

304-841 or similar

cables we know of are all 8.5mm
diameter or more — rather larger

than the three-core leads fitted to

many table lamps. Because of this
you may have to enlarge the cable
entry on the lamp and provide a
new strain relief bush. Don’t be
tempted to use any thinner four-
core cables you might happen to
have in the junk-box; many of
these are only intended for signal
applications and are rated at 60V
Or sO maximum. .
With all the wiring complete,
begin the final tests by setting the
time on the clock moduie. SW2
sets the minutes and SW3 the
hours, and SW4 must be switched
on while the setting is taking place.

R1 —{ TST SLP
Sw2 - FS coL
—0 O I‘MN Y=t £ V] CcoMm
=0 Onemegp FH AL
SW3 Lv\/v DuT
13 R2 p—STW
swa / > ALS
- VAAN SEC
R3
SWa, 15N2  Rs mobuLe

o | ACS 304-841
O=N0; —{SCi
e LAAMA—{ |am
CNT

—2—16/3
SEE TABLE 1 {_,_ -
VDD
p—ri VSS
|5 LMP
! LMP

-

B1
1.6v

et} ALARM OUTPUT

FM = ADVANCE MINUTES

FH = ADVANCE HOURS

ALS = SHOW ALARM TIME
* SCI=START TIMER

CNT = TIMER OUTPUT

ACS = CANCEL TIMER

Fig.3 Connection details for the
clock module.

PROJECT: Light Brig

The inclusion of this switch pre-
vents the time being accidentally
altered if either of the other but-
tons are knocked.

Set the mains switch at off, plug
in the lamp brightener and check

htener

that the table lamp can be
switched on and off in the normal
way using its own switch. Now
switch on the brightener and press
SW6 until the LED comes on. The
table lamp should come on at the
previously-set minimum and then
progressively brighten until it is
fully on.

6/3 6/12 Timing Period
+1.5V  +1.5V 16 minutes
+1.5V 0oV 32 minutes
ov ov 64 minutes
ov +1.5V 128 minutes

Table 1 Connectingthe 6/3 and 6/12
pins on the clock module to select
the lamp ‘on’ period.

In use, the alarm time is set by
pressing SW5 and then using SW2,
SW3 and SW4 in the normal
way. Pressing SW5 at any other
time will display the alarm time
set. The brightener should be
plugged in before retiring at night
and will then operate at the pre-
set time in the morning. Pressing
SWS5 will cancel the alarm.

ETI

Introducing...

ROBOTS
for
EDUCATION
TRAINING
and

INDUSTRY ™ \W/ITH ‘PERSPEX’

SEE-THROUGH
CYLINDERS!

COMPLETE SYSTEM "gX #3

featured in
Practical Electronics

UNDER
£10001!
including software!

SERPENT
System from
£1515

d water nymph)

Extensive software Is supplled free with
each robot.

Leads available for connection to BBC,
ZX Spectrum, Apple fle, Commodore 64

MENTOR DC servo desktop robot; 8 bit
control system; 300gm capacity; 420 reach.

NEPTUNE I/1I 6/7 axes 8/12 bit control
system 2.5kg capacity. 1120mm reach.

NAIAD

SERPENT I/ 5 axes 12 bit control system andViIc20, M ICRO ELECTROHYD RA U L'C ROBOT
2 kg capacity 400/650mm reach. chg ?;ggrts micros are also easily usable with

Robots programmed from keyboard or hand- BEING FEATURED IN WIRELESS WORLD November Issue

held simulator {model robot}.

Robots may also be taught by “lead by the
nose’ method.

Robots available as kits or ready buiit. ’
FMS (Fiexible Manufacturing System] work

cell additions aiso avaitable.
Piease phone for brochure: 0264 50093. Please phone for brochure: 0264 50093
West Portway Industrial Estate, Andover SP10 3ETI,

West Portway Industrial Estate, Andover SP10 3ET, H ybsrne En , /
::l.I:::ll:s A private and independent company giving prompt, ‘ pplicatlans A private and independent company giving prompt, personal service

personal service.
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COLUMN
LOUDSPEAKER
DESIGN

Rev. A. Sharp

Aberdeen

Column loudspeakers consist of a
number of individual loudspeaker
units arranged in a vertical line.
They are igﬂghly_ directional and
when used in a PA system can be
pointed away from the microphone
to reduce the risk of feedback. The
directional  characteristics are
enhanced if the units are wired so
that the central loudspeaker gives
the highest output power and the
level tapers off towards the ends.
The principle was described in an
article by David Hornsby in ETI
November 1982.

This arrangement uses seven 5
watt loudspeakers instead of the
five 10 watt ones suggested in the
article. This allows cheap 16R car
radio loudspeakers to be used and,
because of the extra ‘speakers and
the increased efficiency, still gives
almost as much output as the
original arrangement. The total
impedance of the network is 11.8R.
The circuit has proved very effec-
tive in a church PA system.

NOVEL INPUT STAGE
AND GAIN CONTROL
P. Day

Newcastle

The circuit shown can be used as a
general purpose input stage and
enables a number of apparently
conflicting requirements to be met.
It can handle in?ut signals with a
wide range of voltage levels
without suffering from the noise
and overload problems usually
encountered.

The potentiometer acts as two
rheostats, controlling both the

input level and the negative feed-
back. When the slider is near A the
input is heavily attenuated, allow-
ing high signal levels to be handled
without running into overload. The
feedback is high so the circuit noise
level is low.

When the slider is at B the input
signal _suffers negligible attenua-
tion. The op-amp has a high gain
and the impedance is also high.
With the component values given
the maximum gain is 30 dB.

| have built and tested a number
of these circuits. and have been
using them as the input stages of a
mixer.

220k A

F Mo
33k

B

Mo

——0

ADVANTAGES:

HANDLES HIGH INPUT LEVELS WITHOUT OVERLOAD
LOW NOISE QUTPUT AT MAXIMUM GAIN

HIGH MAXIMUM GAIN

HIGH INPUT IMPEDANCE AT MAXIMUM GAIN

DISADVANTAGES OF SOME
CONVENTIONAL INPUT STAGES

. ool

+
4

n

LOW INPUT IMPEDANCE IF R IS LOW
LOW GAIN IF R IS HIGH

o

i

NOISY AT MINIMUM SETTING

(]

OVERLOADS ON HIGH LEVEL SIGNALS

ETI
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AN ARGUS SPECIALIST PUBLICATION

INTERNATIONAL C

/

The Memory Scope Display
An add-on unit for any oscilloscope which uses
digital techniques to slow down the trace and lets
?/ou freeze the display. Slow-changing waveforms
ike sound envelopes and charge-discharge charac-
teristics of capacitors can now be captured and
examined without the need to resort to expensive
storage devices or long-persistence phosphors.

1 " ter's coming back again.”
’meig'n"/‘tngotice it had ever gone away.
‘Oh, you can always tell.

‘How?’ ,

‘The weather...

:/YA?IS(}“the days get longer in the summer...

e hange.’

: of the months chang
’?)nk(;;hx?oze\czec%nvinced me. But how do you know
it’s coming back? '
"Wecl?tmh'enghmes of the months change...

Switch Mode Regulator

The first project in a series intended to demonstrate
the_ virtues of discrete circuitry, this regulator
delivers 5V at up to 1A and hardly gets warm. A per-

fect reﬁlacement for any 7805 with a heat sink large
enough and hot enough to fry an-egg on.

Yes...” )
‘And the days get shorter...

es...’ ) |

:C\;’Igytgg y‘fcl)euaizzr;;.going on about the weather? It's

terrible.’ o eutit! |

! ! keep goingon a n

’gfaé;uv::g: 'thereesganother way of telling when

winter’s on it’s; vz/;y.' |

"ev';uw ?ﬁt;tfbﬁshes an issue that’s absolutely jam-
€ i jects.’ ¢ -

’?Sﬁkegsw#eprzocivember Ten Project Spectngi.o keep

’Thétys ti'ne one. Gives you enough pro;eeg iy

you occupied all yeatr a; ﬁ/ ;aﬁfo%ftgg?npa o

i W

’rl?r!gv(\)/?h;?g%ayrgu know that, but whatever you

do don't tell ETI’

Rhythm Chip |
This canny device uses an EPROM as a metronome
or to measure beat-rates directly. All you need to

do is tap out a rhythm and the Rhythm Chip will tell
you how many beats per minute there are.

‘Wh not?’ thi WhO’e TE

ifthey find out, they/llhave to have R Millifaradometer

page printe TgEN pRO‘ECT SPEC‘AL A voltage window detector, a simple clock and an
THE

electro-mechanical counterare the ingredients of this
ingenious instrument which will give reliable read-

. iet .
This year, the November issue offers more variety outs of the actual value of large capacitors.

ore. ) A
?r?\gre\;etrhze:en projects lined-up for your delect
tion are:

PLUS:

Digital Sound Sampler . . . Electron Interface . . .
Chorus Unit. .. Exposure Meter and more.

Oh, we nearly forgot to mention the features,
but perhaps we'll leave them until next month.

NOVEMBER TEN PROJECT SPECIAL EDITION OF ETI.
ON SALE OCTOBER 4TH.
SO YOU KNOW WHAT SEASON IT IS.

Articles described here are at an advanced stage of preparation, However, tircumstances beyound our control may dictate changes to the list of contents.
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PCB FOILPATTERNS

M.ll.‘:b |




The foil pattern for the Sorcerer
envelope board.

The foil pattern for the Sorcerer keyboard interface
board. :

The foil pattern for the Sorcerer keyboard is too large
to print here (it measures about 500 x 230 mm). it is
also too large for us to photocopy. We can prepare
clear film copies photographically but the cost is likely
to be between £15.00 and £20.00. All in all, it will
probably be easier for you to purchase a ready made
board from our PCB Service (when it becomes
available!)

ETi OCTOBER 1985



PCB FOIL PATTERNS

POWER
SUPPLY

The foil pattern for the modular test gear PSU board. ETI
ETI OCTOBER 1985 ) 57



SERVICE SHEET

. .
Enquiries
Wereceiveavery largenumberofenquiries. Would
prospective enguirers please note the following
points:
® We undertake to do our best to answer en-
quiries relating to difficulties with ETt projects, in
particular non-working projects, difficulties in ob-
taining components, and errors that you think we
may have made. We do not have the resources to
adapt or design projects for readers (other than for
publication), nor can we predict the outcome if our
projects are used beyond their specifications;
® Where a project has apparently been construc-
ted correctly but does not work, we will need a des-
cription of its behaviour and some sensible test
readings and drawings of oscillograms if approp-
riate, With a bit of luck, by taking these measure-
ments you'll discover what's wrong yourself. Please
do not send us any hardware (except as a gift!);
® Other than through our letters page, Read/
Write, we will notreplyto enquiries relatingto other
types of article in ETI. We may make some excep-
tions where the enquiry is very straightforward or
where it is important to electronics as a whole;
® Wereceivealarge number of letters askingifwe
have published projects for particular items of
equipment. Whilst some of these can be answered
simply and quickly, others would seem to demand
the compiling of alongand detailed list of past pro-
jects. To help both you and us, we have made afull
index of past ETI projects and features available
(see under Backnumbers, below) and we trust that,
wherever possible, readers will refer to this before
getting in touch with us.
® We will not reply to queries that are not accom-
panied by a stamped addressed envelope (or inter-
national reply coupon). We are not able to answer
queries over the telephone, We try to answer
promptly, but we receive so many enquiries that
this cannot be guaranteed.
@ Bebrief and tothe pointinyourenquiries. Much
as we enjoy reading your apinions on world affairs,
the state of the electronics industry, and so on, it
doesr't help our already overloaded enquiries ser-
vice to have to plough through several pages to find
exactly what information you want.

Subscriptions

The prices of ETI subscriptions are as follows:
UK: £16.30

£18.30 Surface Malil
$24.00 Surface Mail (USA)

£43.30 Air Mail
Send your order and money to: ET1 Subscriptions

Department, Infonet Ltd, Times House, 179 The
Marlowes, Hemel Hempstead, Hertfordshire, HP1
1BB (cheques should be made payable to ASP Ltd).
Note that we run special offers on subscriptions
from time to time (though usually only for UK sub-
sctiptions, sorry).

ETl should be available through newsagents, and
if readers have difficulty in obtaining issues, we'd
like to hear about it

Backnumbers

Backnumbers of ETI are held for one yearonly from
the date of issue. The cost of each Is the current
cover price of ET| plus 50p, and orders should be
sentto: ET! Backnumbers Department, Infonet Ltd,
Times House, 179 The Marlowes, Hemel Hemp-
stead, Hertfordshire HP1 1BB. Cheques, postal
orders, etc should be made payable to ASP Ltd. We
suggest that you telephone first to make sure there
are still stocks of the issue you require: the number
is (0442) 48432, Please allow 28 days for delivery.

We would normally expect to have ample stocks
of each of the last twelve issues, but obviously, we
cannot guarantee this. Where a backnumber pro-
ves to be unavailable, orwhere theissue yourequire
appeared more than a year ago, photocopies of

Overseas;

individual articles can be ordered instead. These
cost £1.50 (UK or overseas surface mail), irrespec-
tive of article length, but note that where an arti-
cle appeared in several parts each part will be
charged as one article. Your request should state
clearly the title of the article you require and the
monthandyearinwhichitappeared. Wherean arti-
cle appeared in several parts you should list these
individually. An index listing projects only from
1972 to September 1984 was published in the

October1984 issue and can beordered inthe same -

way as any other photocopy. If youare interested in
features as well as projects you will haveto orderan
index covering the period you require only. A full
index for the period from 1972 to March 1977 was
published in the April 1977 issue, an index for April
1977 through to the end of 1978 was published in
the December 1978 issue, the index for 1979 was
published in January 1980, the 1980/81 index in
January 1982, the 1982 index in December 1982,
the 1983 indexin January 1984 and the 1984 index
in January 1985. Photocopies should be ordered
from: ET| Photocopies, Argus Specialist Publica-
tions Ltd, 1 Golden Square, London W1R 3AB.
Cheques, postal orders, etc should be made pay-
able to ASP Ltd,

Write For ETI

We are always looking for new contributors to the
magazine, and we pay a competitive page rate, If
you have built a project or you would like towrite a
featureonatopicthatwould interest ETi readers, let
us have adescription of your proposal, and we'll get
back to you to say whether or not we're interested
and give you all the boring details. (Don't forget to
give us your telephone number).

Trouble With Advertisers

So far as we know, all our advertisers work hard to
provide a good service to our readers. However,
problems can occur, and in this event you should:
1. Write tothe supplier, stating your complaintand
asking forareply. Quote any reference numberyou
may have (in the case of unsatisfactory or incom-
plete fulfilment of an order) and give full details of
the order you sent and when'you sent it.

2. Keep a copy of all correspondence.

3. Check your bank statement to see if the cheque
you sent has been cashed.

4. If you dor't receive a satisfactory reply from the
supplierwithin, say, twoweeks, write again, sending
your letterrecorded delivery, or telephone, and ask
what they are doing about your complaint.

If you exhaust the above procedure and still do
notobtainasatisfactoryresponse fromthe supplier,
then please drop us a line. We are not able to help
directly, because basically the dispute is between
you and the supplier, but a letter from us can some-
times help to get the matter sorted out. But please,
don’t write to us until you have taken all reasonable
steps yourself to sort out the problem.

We are a member of the mail order protection
scheme, and this means that, subjectto certain con-
ditions, if a supplier goes bankrupt or into liquida-
tion between cashing your chegue and supplying
the goods for which you have paid, then it may be
possible foryou toobtain compensation, Fromtime
to time, we publish details of the scheme near our
classified ads, and you should look there for
further details.

OOPS!

Corrections to projects are listed below and normally
appear for several months, Large corrections are
published just once, after whichanotewillbeinser-
ted to say that a correction exists and that copies
can be obtained by sending in an SAE.

Audio Design Buffer (September 1984)

There has been some confusion due to the cases of
the various transistors (Fig4, p.61).Q1and Q11 are
T092(E) (gate, source and drain for pins 1,2 and 3},
while Q2 and Q12 are T092(F) types (gate, drain
and source). Q3, Q 4, Q13 and Q14 should be ‘U
types withaT092(A) case (base, collectorand emit-
ter). The pin positions marked on the overlay are
correct, The pins themselves may need to be bent
to fit the PCB.

Spectrum Centronics Interface (December 1984)
Pin 18 of IC3 on Fig. 1a (page 57) should be marked
pin 17. The mistake seems to have been carried
overtothe PCB(p.58). Thetrackieading from pin 18
to the OV rail should be cut. A correspondent
informs us that he has had success with only this
modification — in other words, with pin 17 left
floating, too.

Single Board Controller (March 1985) -
Therewereanumberoferrorsinthe partslist. RP2 is.
listed as a 10k SIL pack but is actually four separate
resistors, and the same applies to RP3. RP4 is also
listed asa SIL pack but should consistof seven com-
moned resistors. R13 is always required, not just
when a cassette interface is used as stated.

The Real Components (May 1985)

InFig. 1 on page 20, the connections for the Texas L
and 2N transistors are incorrectly shown. They
should read B, C and E from the top.

Heat Pen (June 1985)

The instruction in the penultimate paragraph on
page 49 should read .., adjust RV2 for 2.73V.,..",
not 2,37V as stated.

Low Cost Audio Mixer (June 1985)

In Fig. 6 on page 39, the PCB foil pattern has been
incorrectly shown as though from the copper side.
The board is shown correctly from the copper side
in the foil pattern pages. In Fig. 10 on page 40, the
positive power rail at lower left should be shown
connected to pin 8 of the TLO72s, 1C1-5).

Noise About Noise (July 1985)

InFig.5 onpage 24, no connectionshould be shown
between the cathode of the diode and the negative
side of the 470u capacitor.

Printer Buffer (July 1985)

The case specified is actually larger than the one
used for the prototype. It will, of course, work per-
fectly well, but if you want to a compact unit use a
Verocase 202-21038H (180 x 120 x 65mm) rather
than a Verocase 202-21035, The regulator 1IC17
should be bolted to the back of the case to provide
heatsinking or, alternatively, fitted with a TO220
heatsink. .

Please note that the designer, Nick Sawyer, has
been in touch to inform us that the refresh problem
we mentioned last month (page 52) is dealt with in
the printer buffer software. In this case there is no
need to replace the TMS 4416 dynamic RAMs,
although as far as we know the replacement parts
mentioned (Hitachi HM48416 DRAMs) will cause
no problems, The full text of Nick Sawyer's letter
will appear next month. Meanwhile, our apologies
for any confusion caused.

Intel 8294 Data Encryption Unit (September 1985)
Itshould be apparent from the text, page 35, thatan
actual program has been omitted. This program is
for use with the SDK 8085 kit only, and copies may
be obtained from us on receipt of a stamped
addressed envelope,
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A GUIDE TO
PRINTED CIR-
CUIT BOARD
DESIGN

Book

Charles Hamilton

The Butterworth Group,
Borough Green,
Sevenoaks, Kent

TN15 8PH.

price: £7.50.

Could there be anything useful
here for our own PCB designs?
That was my first thought on
seeing this book. Let's face it, just
like you lot out there in hobby
land, we at ETI have to turn our
hand to everything from metal
bashing to screen printing and a
few tips from the experts are
always welcome,

As it turns out, the book is
aimed at those who intend to
make a career of PCB layout in a
large company drawing office

and much of the information is
not possible to apply to the
occasional PCB layout.

The first chapter is a guide to
understanding circuit diagrams,
which | sincerely hope ETI
readers can do already. Next we
have advice on how to compile a
file of component shapes and
sizes - 'useful in a company that
standardises its component
stocks, but not much good if
you're going to build a circuit
with odds and ends from your
spares box.

Chapters on the design layout
and master artwork have one or
two useful hints, but on the
whole they are geared to com-
pany procedures. For one thing,
we wouldn’t produce a design
layout (with component placing
and interconnections all on the
same artwork) in the first place.
We just plunge straight into the
master artwork, and it usually
turns out alright on the night.

Other short chapters cover
computer aided design (the
book assumes you already have
£50,000.0f CAD equipment and
explains how to provide the
input), preparing assembly draw-
ings, flow soldering (we use a
soldering iron), and so on.

By all means buy the book if
you are thinking of making a liv-
ing from PCB design, but for the
general reader | don’t think there
is enough relevant information
to make it worthwhile.

Paul Chappell

INTRODUCTION
TO MICROCOM-
PUTER EN-
GINEERING

Book

D.A. Fraser et al.

Ellis Horwood, Market
Cross House, Cooper
Street, Chichester,
West Sussex, PO19 1EB

price: £13.75
(student edition).

There are six authors credited for
this one book. Since there are
nine chapters, either some
authors worked harder than
others or they wrote 1%: chapters
each. Perhaps each author wrote
every sixth word? Anyway,. no
matter how it was written the
authors have come up with a
very useful book indeed.

There are chapters on four of
the most popular 8-bit microp-
rocessors: the 8085, Z80, 6800
and 6502. There is enough detail
for the reader to be able to use
these devices in relatively simple

systems without reference to

any other data - a point |

thoroughly approve of. Electrical

specifications and timing limits.
are not included, but unless
you're trying to squeeze every

ounce of performance from the

device you can probably do

without them.

Sixteen-bit microprocessors
are dealt with in considerably
less detail, all in one chapter.
Devices mentioned include the
8086, Z8000, 68000.and several
others. If you want to use these
devices you will certainly have to
seek further information from
manufacturers data sheets, but
the book may help you select the
best one for your purposes.

The rest of the book consists
of a mixed bag of odds and ends,
some of which are not often
included in a book of this type.
You will find descriptions of the
IEEE 488 and S100 buses, some
useful ideas on the use of
interrupts and DMA, a brief
description of fault signature
analysis, and much more. If there
is any fault in these chapters it is
lack of detail, which is understan-
dable in a book that covers so
much ground. You get a taste of
everything from video graphics
to operating systems (CP/M and
UNIX) without enough to satisfy
you once your appetite has been
whetted. However, there is a
bibliography of books for further
reading at the end...

Paul Chappell

ALF'S PUZZLE

History tells of many men of
genius who failed to achieve
recognition in their own
lifetimes. This could so easily
have been the case with Alf.
Some of you may know. of
him as the inventor of the
lithium raincoat, or perhaps
as the founder of the Snipe
Nosed Pliars Owners Club, a
very exclusive organisation
which to this day has only
one member (Alf). To many
of you he will be completely
unknown.

How can this be when he
has been beavering away in
the basement of ETI head-
quarters for the past 15
years, barely taking the time
to snatch forty winks in the
broom cupboard each night
before he's back at the
workbench again?

The great tragedy of Alf's
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lifeis that none of his designs
ever quite work. The circuit
pictured here is one of his
finest efforts. The idea is that
as soon as the switch is
turned on, an LED lights up
to remind you to turn it off
‘again. Sad to say, what

actually happens is that the
LED turns on for a few
seconds and then stays off.

We can’'t let such a
brilliantly conceived idea go
to waste, so can any of you
fathom out what's wrong
with it? If you can, please

WWW_americanradiohistorv com

don’t write in becausé it
would only upset Alf and
distract him from work on
his welly-bootstrap circuit.
We'll let you know our solu-
tion next month and you can
see if it agrees with your
own.
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PLAYBACK

Whenever some new develop-
ment comes along which might
become a money-spinner for the
makers and a fact of life for the
rest of us, it is usually launched
withvigoranddeterminationinat
least two incompatible formats.
Wehave the manyworld TV stan-
dards, thevarious cassette audio
tapes (though fortunately all
havefallen bythe waysideexcept
the now standard compact cas-
sette) and the still active three
video formats.

Now that the CCR (Camera
Cassette Recorder) has come
along to oust the cumbersome
separate camera/recorder out-
fits, a ful-scale format war is once
more under way, This has given
rise to alf the old problems, not
least of whichis indecision onthe
part of potential buyers. First-
generation CCRs used standard
VHS and Beta cassettes and were
pretty heftyto lugaround, so JVC
produced their Compact VHS
system. This uses half-inchtapein
atiny cassette, but can be played
in a standard VHS machine by
meansofanadaptershaped likea
normal VHS cassette.

Thatwasbackin 1981, the year,

after Sony announced their 8-
mm system. Sony obtained the
signatures of some 130 manufac-
turers to give them manufactur-
ing rights and thereby virtually
established it as the standard
CCR system. However, many of
these companies signed just to
avoid being left out of the actand
were not enthusiastic about the
appearance of yet another video
system.

GONE TO THE DOGS: the separate camera/recorder system
has had its day, but strife dogs its successors.

When C-VHS appeared, many
felt that the Sony system would
die. It hasn’t, and the new CCD-
V8 camera recorder from Sony
which fairly bristles with advan-
ced features will undoubtedly

" ensure that 8-mm video will at

least co-existif notsupercedethe
C-VHS system.

Metal particle tape is required
to record video on such a narrow
tape-width, There have been pro-
blems with metal tape in the past
but it seems that these are being
overcome. High-quality FM
sound is a standard feature of the
8-mm system but may or may not
be used with C-VHS, just as with
standard VHS. Cassette running
timeisup to90 minutes for8-mm
compared with 60 minutes for C-
VHS.

So what about the incom-
patibility of 8-mm? Sony have
overcome this one and at the
same time upstaged JVC adverts
by making a CCR which plugs
directlyintoany TV or video mon-
itor. you don't need another
recorder to play their tapes back.
JVC's claim that their system has
6 million advantages over 8-mm
(these being the number of com-

‘patible VHS recorders in use) is

therefore trumped by Sony's
reply that they have-15% milfion,
which is the number of colour
TV'sinthe UK. And that, theyadd,
is only counting those who pay
their licences.

Those of us who do not have
£1000 to spare, — which |
suspect is more than a few — can
just sit back and enjoy the fun.
Can't help thinking though, that
an awful lot of effort is being
wasted in these skirmishes.

Vivian Capel

oAl o e !
) VDU ' RAM

+ VAT; manuals £1 - £5)

Interak, Interak, Interak!

Greenbank

A METAL
Z80A COMPUTER

Colleges, Universities; Individuals: Build your
own modular Z80A-based metal 19” rack
and card Interak computer. Uses commonly
available chips — not a single ULA in sight
(andproudofit). Ifyou cangetyourown parts
(but we can supply if you can't) all you need
from us are the bare p.c.b.s and the manuals,

Interak 1's greatest

asset — space for é8

expansion. @"

{Up to B more, cards @‘
4% x 8" each)

EXPANSION

(P.c.bs range il price from £10.95 to £17.75

‘The Interaktion User Group has 14K BASIC,
Assembler, Fig Forth, Disassembler, Debug,
Chess and a Book Library, Newsletters etc.
No fears about this one going obsolete —
now in its fifth successful yearl Send us your
nameandaddresswitha21pstampandwe'll
send you 40 pages of details (forget the
stamp if you can't afford it!) You've already
got a plastic computer for-playing games,
now build a metal one to do some real work:.

Interak 1

b Rev. e rowen
- TAPI
BOARD d SUPPLY SPACE

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

T

OSCILLOSCOPES
TELEQUIPMENT D67. Dual Trace 50MHz.
Delay Sweep with manual................... £278
COSSOR CDU 150. Dual Trace 35MHz
Solld State. Portable. 8 x 10cm display. With
manual . £200

PROFESSIONAL 9" GREEN SCREEN
MONITORS made by KGM for REUTERS.
Gives quallty 80 x 24 line display’ Com-
posite Video In. Cased. Good Condition

only £40 each

8.E. LABS SMIl. Dual Trace 18MHz Solid
State. Portable AC or External DC Opera-
- tlon. 8 x 10cm display. With manual.. £150
TELEQUIPMENT D43. Dual Trace 15MHZ.

With manuat £100
TELEQUIPMENT 843. Single Trace 25
MHZ. With manual............cccccccoverrnnn.e. £75

EX-MINISTRY CT438. Dual Beam 6MHZ.
Size 10 x 10 x 16Ins. With manual........ £75
N1E‘\)'l PROBES AVAILABLE. Switched x1;
X ¥ £11

PHILIPS DIGITAL MULTIMETERS
4 DIGIT. AUTO RANGING. Complete with
batterles and leads (P&P £5)
TYPE PM2517E (L.E.D.).
TYPE PM 2517X (L.C.D.)

MULTIMETERS
UNBELIEVABLE — AVO 8 MKIV and AVO
9 MkIV. Complete with Batteries & Leads
for only £85
AVOTEST SET No. 1(Similarto Avos Mk3).

. Complete with batteries, leads & Carryl:g
£

Case 2

AVO Model 73. Pocket Multimeter
(Analogue) 30 ranges. Complete with bat-
teries & loads.........vuceveeeierieananas et £25
AVO 72 — Similar to above but no AC
Current range. With Batterles & Leads
£18

NEW EQUIPMENT
HAMEG OSCILLOSCOPES 605. Dual Trace
B80MHZ Delay Sweep. Component Tester
£!

515
HAMEG OSCILLOSCOPE 203.5 Dual Trace
20MHZ Compontent Tester................ £270

BLACK STAR FREQUENCY COUNTERS. |
P&P €4

Meteor 100-100MHZ
Metaor 800-600MHZ ..
Meteor 1000-1GHZ .... £175
BLACK STAR JUPITOR 500 FUNCTION
GENERATOR SIne/Square/Triangle 0.1Hz
—500KHZP&P E4.. ... ....£110

HUNG CHANG DMM 8010. 3'% digit. Hand

held 28 ranges Including 10 Amp AC/DC.

g:mplete with batteries & Ieadsr.E p&p
33

50

ADVANCE AM/FM Sig Gen type SG63 7.5
- 230 MHZ £75
AVANCE AM Sig Gen type SG62 150KHZ -
220MHZ .£35
LABGEAR COLOUR BAR GENERATOR
Type 6037. P&P £5 £60
LABGEAR CROSS
CMB004. P&P £2 ........

5%” FLOPPY DISK DRIVES
TANDON % Height. Brand New
Single Sided Double Density
Double Sided Doubie Density ... £100
MPI Double sided, Double Density 80
Track unused £100
CHERRY KEYBOARD — SERIAL/ASCII

standard QWERTY with numerlc pad. New. .
" Cased. With Circuit (P&P £4).......£15 each

MARCONI RF MILLIVOLTMETER TF2603.
50KHZ - 1500MHZ; 1mV-3V.FSD...... €175
MARCONI ELECTRONIC VOLTMETER
TF2604. 20HZ - 1500MHZ; AC/DC/OHMS
AC 300mV - 300V. FSD..........cccu.cocrn... £95
MARCONI VALVE VOLTMETER TF2600.
10HZ - 10MHZ; 1mV - 300V.FSD........... £40

THIS IS A VERY SMALL SAMPLE OF

8TOCK, SAE Or Telephone for LISTS

Please check avallabliity before ordering.
Carriage alt units £12

VAT to be added to Total of Goods &

Carriage. -

-STEWART O

) )F READING
=110 WYKEHAM ROAD, READING, BERKS RG6 1PL|

AVO TRANSISTOR TESTER TT169
Handheld. GO/NOGO for In-situ Testing.
Complete with Batteries, leads & instruc-
tlons (P&P £3)................... NOW ONLY £12
AVO TRANSISTOR ANALYSER CT448.
Suitcase style — battery operated. (Bat-
teries not supplied). Witr;"-information
0o

Telephone: 0734 68041

Callers welcome 9am to 5.30pm Monday to Saturday inclusive

WWwW americanradiohistorv.com
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TRAINS OF
THOUGHT

To the railway modeller, the
equivalent of the Holy Grail is a
system that allows independent
control of several trains simult-
aneously on the same layout. The
two most frequently encoun-
tered methods are command
control and cab control.
Command control makes the
entire layout permanently live —
normally with AC although DC
systems have been developed —
and eachlocomotiveisequipped
with a module which is effec-
tively an on-train controller. This
responds to instructions super-
imposed on the traction voltage
by a master control unit.
Probably best known s
Hornby's Zero-1 system. This
makes extensive use of Texas
Instruments TMS-1000 4-bit
microprocessors in both the
modules and the master control
units. Up to 16 trains can be con-

trolled at any of 16 speeds, for-
wards and reverse. A large
number of trackside accessories
can also be operated, drawing
both power and data require-
ments from control.codes super-
imposed on the square-wave
traction supply.

In contrast to the advanced
digital techniques employed by
Hornby's system, the Airfix MTC
(Multiple Train Control) uses
some subtle analogue circuitry.
Each on-train module is essen-
tially a radio receiver responding
to a pulsed radio-frequency car-
rier superimposed on the sine-
wave traction supply. Again up to
16 trains can be used (though
only four at a time), the 16 fre-
quencies being digitally
synthesised in the master con-
trol. Traindirection is determined
by the polarity of the traction
supply during the RF pulses and
speed by the duration of the
pulses.

Both systems are reliable and
easy to install, except that it can
be awkward finding room for the
modules in some smaller model

locomotives. A disadvantage is
thatthe system is not compatible
with conventional operation —
an unmodified locomotive will
emit real smoke in a matter of
seconds if placed on a live com-
mand control track. To adopt the
system you must make the
changeover and modify all your
locomotives at once.

Switching Cabs

The alternative is cab control.
In its simplest form this is not
electronic but simply an arrange-
ment of switches. The layout is
divided into a number of control
zones each of which can be con-
nected by switches to any of
several conventional (rheostat or
electronic) controllers. As the
trains progress around the layout
passing from zone to zone, the
switches are thrown manually so
that each train keeps the same
controller (or cab) for the whole
of its journey.

However, with the availability
of reliable train detection
systems (discussed in the second
article of this series) an auto-

mated version of cab control is
feasible. Thisis called progressive
cab control. Itsimplementationis
tedious rather than difficult,
requiring banks of logic circuitry
(the complexity is proportional
to the square of the number of
controllers), but it should be
possible to arrange for a micro-
computer to perform the bulk of
the logic. The computer would
need alarge number of inputand
output ports — an Apple lle or
BBC Micro with backplane
suggestthemselves—andalsoan
interface unit containing the train
detectors andrelays to switch the
contollers between sections.
Cab control systems, whether
manual or automatic, result in
festoons of spaghetti beneaththe
baseboard and debugging is a
nightmarel By contrast, the two-
wire command control system is
uttersimplicity. Butanadvantage
of cab control is its com-
patibility with conventional con-
trol, enabling it to be extended
across a layout zone by zone as
time and money permit.
Roger Amos

OPEN
CHANNEL

A number of press releases lan-
ded on my desk recently from
British Telecom, announcing the
launch of their advanced digital
communications service. The
service, says the press release,
sets a new standard in business
communications, with such
benefits as:

— an A4 page sent by fac-
simile in six seconds

— photographic-quality col-
our pictures on videotex

— slow-scan television

— greater reliability

The new service is called in-

tegrated digital access (shor-
tened, thankfully, to IDA). Itis part
of British Telecom’s advancing
programme of communications
technology which will eventually
lead to a digital telephone net-
work providing all these facilities
to everybusiness orhouseholdin
the nation. The complete net-
work is called the integrated
services digital network (shor-
tened, againthankfully, to ISDN),
and will be accessed by the user
throughthe IDAservice.So, you'll
have gathered, British Telecom
wants every user to have an IDA
point through which all digital
communications facilities will be
routed, in much the same way
that existing telephone points
allow facilities such as computer
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communications (via modems),
videotex services (Prestel),
answering-phones etc.

IDA will be operated initially
from the first System X exchange,
opened recently at Baynard
House in the City of London. It
will cover Euston, the West End,
the City and Southbank in Lon-
don as well as parts of Bracknell,
Bristol, Croydon, Reading and
Slough. More local exchanges, in
London, Milton Keynes, the
Midlands and South Lancashire,
are expected to be linked in to
the network by the end of the
year. By the end of 1987, British
Telecom hope to have I DA avail-
able at 190 centres throughout
Britain.

So what advantages are being
forced uponus? Well,inthe ISDN
all communications are digital,
That is, the actual telephone
which the user speaks into and
listens to converts the analogue
audio signals directly into digital
ones ready for transmission
through the network. Contrast
this with the existing telephone
network where most signals are
analogue and only some (over
main trunk routes) are digitised
for part of the journey. In theory
at least, a digital network should
provide a more reliable, higher
qualityand, bestofallfortheuser,
acheaper service.

Anyway, that's the theory.
And certainly, | for one, always
thought this to be the case. | was
looking forward to high quality
speech and data communica-
tions and was ready to apply for
an access point as soon as it

became available (I live in one of
those areas which is to get the
service by the end of the year).
I'm pretty fed up with having to
shout down my telephone
mouthpiece so that the other
party can hear what I'm saying
whenever | make anything other
than a local call. As a freelance
journalist | would also find the
data transmission aspects of the
network useful to download
copy toeditors, readyforpublica-
tion. Perhapsreaders have similar
feelings. However, the same
press release which brings the
good news about DA also gives
prices — and these aren’'t so
good.

Forexample, the cheapest IDA
access consisting of a digital
telephone with on-hook calling,
(known as version NTE1) a key-
pad, a display, and one data port
which can be configured to
supportavariety of terminals, will
beinstalled for£890. it then costs
£710peryeartorent. Andif that’s
not all, customers outside the
London, Birmingham, or
Manchester areas will be subject
to an out-of-area connection
charge of either £350 (within the
‘A’ rate call charge area) or (like
me) £700.

Excuse me for being so
pessimistic, but if British Telecom
thinks it can sell ISDN and DA to
potential customers at these
prices, 1 believe it will have to
think again. If the economic
benefits of a digital network
which British Telecom will derive
(ie, lower maintenance costs,
lower call costs etc) can't be

passed on to the customer in the
form of cheaper rentals and
reasonable installation charges,
then | can't see many potential
customers buying the service. I'll
certainly shout down a scratchy
analogue line and post my copy
to editors if it means | don’t have
to pay telephone bills of that
order. British Telecom can, as the
saying goes, stick it!

And There’s More!

If you're a typical telephone
user and use the ‘phone quite
regularly, you'll probably just dial
a number you want to contact
without thinking where the callis
goingto.Afterall, even callstothe
farend of the country have a cost
perunit of only about 5p. At stan-
dard rate times this amounts to
only about 16p per minute.
However, bear these two num-
bers in mind: 0860 and 0836. If
the numberyou'reabouttoringis
prefixed by either of these, then
consider carefully the cost of
dialling before you actually do it.
These two prefixesindicate num-
bersthatbelongtocellphones, ie,
telephones which are linked by a
radio connection on one of the
two existing cellular radio
telephone systems. The cost per
unit charge when makinga call to
a cell phone remains the same,
butthe callis charged at the same
rate as it would be if it were a call
to the Irish Republic, about 43p
per minute for standard rate
calls!

Itsforyoo-hoo. I'll justreverse
the charges!.

Keith Brindley
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SCRATCH
PAD

by Flea-Byte

==

[3]

My most profound apologies for
my unexplained absence last
month. Many of you may have
thought that, like most of the
other giants of British elec-
tronics, | too had been swept
under by the encroaching tide of
Japanese goodies, the fickle
dollar exchange rate, the
ridiculous postures that pass for
economic policies in the
Cabinet and the general sub-
terranean level of competence
among that noble breed - the
British manager. No such luck!
While the share tumbled, com-
panies teetered, the Daily Max-
well played footsie with Uncle
Clive and Sir Kenneth Corfield
topped his recent failure to win
the British Electronics Per-
sonality of the Year award by an
even more astonishing failure to
steer STC through the stormy
seas of his own chairmanship,

good ole Flea-byte was taking a
well-earned rest from the solder
and the sweat in a small but
reasonably well-appointed guest

house somewhere on the
Costa Packet.
Fortunately, the Sun jour

nalists were too busy identifying
miscreants evading the formerly
long arm of the law to recognise
me. Almost certainly, were | not
such a master of disguise, |
would have been whisked back
to the height of the English
‘summer to rescue Thorn-EMI,
STC, GEC, Acorn and Sinclair
Research - all of whom, should it
have escaped your notice, sailed
perilously close to the rocks dur-
ing the balmy July days.

Now refreshed after many
pleasant days spent discussing
tax shelters with a man who
introduced himself to me as ‘A.
Bank Robber, | have returned to
the fray. To avoid misun-
derstanding, | must make it clear
that, following Sir Kenneth'’s
untimely departure from the
helm of STC, | shall not be avail-
able to mount one of the
economic rescues for which | am
so deservedly unknown.

It's not that | have any prin-
cipled objection to helping STC
out of a scrape. On the contrary,

Sir Kenneth Corfield’s chair-
manship has resulted in this
company becoming a flagship
for British industry. Among his

more notable achievements - to-

be counted with the acquisition
of ICL and the promise that
shareholder dividends would
be maintained at a time when
share prices were going through
the floor and profits were disap-
pearing into the negative zone -
was his audacious acceptance of
a 48% pay rise in 1984. In case
you think the labourer should be
worthy of his hire, let me tell you
that Sir Kenneth's salary at that
point amounted to £297,000 a
year. Any company that pays
that sort of money is alright by
me!

No, my reason for not wishing
to shoulder the burden of STC’s
undoubted recovery is simply
that | feel it would be far too par-
tisan of me. After all, there are so
many companies in need of a
guiding hand that to devote all
my considerable talent to just
one would, | fear, be selfish.
Thorn EMI’s downturn in profits
had already led to the departure
of chairman Peter Laister before
Corfield announced his resigria-
tion. GEC have remained profit-
able, thanks largely to their

legendary cash-mountain (a
billion or more pounds just
collecting interest). Even so their
recent profit announcement
revealed disappointing figures.
Acorn and Sinclair seem to have
one foot permanently inside the
bankruptcy court.

Looking at the way all. this
news has given the entire British
electronics industry the shakes,
duty dictates that | remaip on
the side-lines, egging the teams
on to greater things. Readers can
rest assured that Flea-byte will
not take another holiday until
confidence is restored and our
electronics industry returns to
its former glory. Well....

* * *

Crystal Balls

I notice that a company in
North London. has just launched
the first all-British, electronic
time machine. Anthony Bassett
of NumberOne Electronics claims
thatthe machine generates’elec-
tromagnetic waves’ which, appar-
ently, encourage visions of the
past to spring before your ‘third
eye’ (that's the one we all have in
the middle of our foreheads, you
know!). Such machines have, of
course, been. known for some

Master
I-:lectromcs -Mlcroprocessors

- Now' The Prachcal Way'

. Electromcs - Mlcroprocessors
— Computer Technology is the

career and hobby of the
future. We can train you at
home in a simple, practical
and interesting way.

@ Recognise and handle all

current electronic components

~ and “chips’.
@ Carry out full programme of

experimental work on electronic computer circuits
including modern digital technology.

@ Build an oscilloscope and master circuit diagram.
@ Testing and servicing radio — T.V. — hi-fi and all types of
electronic/computer/industrial equipment.

FREE! COLOUR

Please send your brochure without any obligation to

| NAME

NewJob? New Career? New I-Iobby K

SEND THIS COUPON NOW..

- - S T D D D D D S SR e S an G S e G e

OR TELEPHONE'US 062 687 2698
OR TELEX 22758°(24 HR SERVICE)

| am interested in

ADDRESS

[__1MICROPROCESSORS
RADIO AMATEUR-LICENCE

I
I
__JELECTRONICS * 1
|
]
i

"] CITY & GUILDS EXAMS

Other Subjects . .. ............. .. 1

E_mwm&mscw P0.Box 7 Teignmouth, Devm'IQ14 _|
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PLAYBACK
PLUS

The British Music
Fair

The British Music Fair was open
to the public for the first time this
year, instead of being confined
to the trade. To mark this it was
held at Olympia 2, normally the
site of computer shows and the
Ideal Home Exhibition, in early
August.

- The big attraction was that
you could try out the instru-
ments. Anything from a penny
whistle it said. | think | can avoid
penny whistles.

Although there were plenty
of instruments to try, and in
some cases soundproof booths
to try them in, you had to wait
your turn, and compete with
other people using the same
demonstration room. Some
stands had thoughtfully pro-
vided headphones. A friend of
mine sensibly took a head phone
amplifier and used that all day.
The drum synthesizers in the
lower hall were definitely notina
soundproof booth! It was noisy,
so | wouldn’t make a final deci-
sion about-parting with green
stuff there unless.| had more
patience than I' actually have.

www americanradiohistorv com

Even so there were a number
of interesting new electronic
instruments and sound modify-
ing boxes there, For yonks | have
wondered why musicians on
stage don’t make more use of
radio microphones and guitar
transmitters. Maybe their pop-
ularity will increase with the
introduction of an economically
priced guitar transceiver by TOA.
They also do a more expensive
version with two receiving
antennas to remove the problem
of RF dead spots. Trantec have
produced an even lower cost
one, priced at a mere £300.

Home recording addicts are
being well looked after these
days. Up to four instruments can
be recorded at a time, it says, on
the new Teczon Multi Dub 4x4
home recorder, and up to thirty
three instruments recorded by
bouncing from one track to
another and overdudding. It
costs £492 from John Hornby
Skewes. They were also showing
off an Audio Technica machine
called the AT-RMX64, four track,
six input cassette recorder. Being
more steeply priced at £1100,
its probably aimed at pro-
fessionals or very serious home
recordists.

There were lots of new
amplifiers, but the most interest-
ing innovation is the Peavy Digi-
tal Energy Conversion Amplifiers.
Does this mean class D (switched



time - but they only used to work
duringthe summer months when
the television companies trans-
mit nothing but repeats. By the
way, Number Ones’s previous
big selleris a crystal ball or, in the
technical jargon, gas-filled light-
bulb.

L

A Knight To
Remember

The saga of Sir Clive continues
unabated, I'm afraid. Undaunted
by the Daily Maxwell's strange
will-he? won’t-he? dance routine
with Sinclair Research, unruffled
by a ‘Which?’ report on the C5
which demonstrated that it
would getyou from Ato B, as long
as B was downhill and downwind
of A and as long as the traffic
fumes and towering juggernauts
~ didn't get you first, the pert,
ginger-haired genius is reported
tohave been observed setting up
a new company. Another new
company.

Myusualreliablesourcesinthe
Goat and Feathers tell me that
this one will be different. Sinclair
Research’s Nigel Searle says that,
‘the new company will exist to
provide services to Sinclair Re-
search, which will primarily be

5

the availability of Sir Clive him-
self.’ SirClive, of whomithas been
said that availability is his strong-
estsuit, is currently reassuring the
world that the Maxwell's depar-
ture from the scene is probably a
blessing in disguise. Apparently,
several other parties are interes-
ted in the possibilities Sinclair
Research holds out for losing a
great deal of money. Dixons - the
high street store - have just
agreed a deal with Sinclair and
the Spectrum is selling well. In
the Goatand Feathers, we nibble
onsuchannouncements with our
beer — they're saltier than
crisps.

Confirmation of Sir Clive’s fore-
sight, however, can be obtained
from thegist of aspeech he made
earlierthisyeartotheRadio, Elec-
trical and Television Retailers
Association (RETRA). The assem-
bled high street dealers heard
him say they could sell as many
C5’s as video recorders, that his
pocket TV would soon be selling
over2 millionunitsayearand that
the future of the computer mar-
ket was a portable with‘a real TV
screen’. Sir Clive thinks the
Japanese have got it all wrong

with their concentration on LCD .

screens. ‘The Japanese will fail,’
he said, ‘because they have con-

tinued to back LCDs.’ At Sinclair
Research, they have big plans for
the 'no compromise’ portable:
pocket-sized, nodoubt, featuring
a high resolution colour monitor
and all powered by a single PP3.
Well, where would we be if it
wasn’t for our dreams?

* * *
Old Guard?

The editor tells me an appeal-
ing little story about Conserva-
tive Central Office, whom he
phoned in order to get hold of
some pictures to illustrate an ETI
article. The pictures in question
were photographs of John Butcher,
Parliamentary Under Secretary at
the Department of Trade and
Industry, and Geoffrey Pattie,
Minister with special respon-
sibility for Information Technol-
ogy. The photograph of Butcher
was not too much of a problem,
despite the fact that it arrived
with a rubber-stamp mark threat-
ening to engulf the Under Secre-
tary. Pattie was another matter,
how-ever. The man at Central
Office wasn't even sure they had
a photograph of him. When at
length he managed to dig one up
it proved to be ten years old,
badly focused and scratched.

ETC

The Minister was shown in pre-1T
days — desporting himself with a
small group of Tories from the
Chertsey constituency party.
Some might say this demon-
strates the low regard in which
Pattie and, by association, Infor-
mation Technology are held by
the Conservative Party, | preferto
think it has nothing to do with IT
or Pattie’s position, but rather
reflects the man. Butcher, you
see, is young, reasonably good-
looking and decorated with a full
head of hair. Poor Geoffrey Pattie,
ontheotherhand, is old, baldand
distinctly odd of aspect. Notatall
the image of a Thatcher man!

* * *

Say That Again

Wading through the accumu-
lated press releases on my desk, |
came across this shining example
of English as she is spoken: This
JMS Drum Unit produces sounds
which are indistinguishable, and
insome casesbetter,thanthereal
thing. Presumably, this means
that some real drum sounds are
indistinguishable from their syn-
thesized equivalents and, at the
same time, noticeably inferior.
And now for the grammar...,

mode) we wonder? They claim
90% efficiency and are applying
for a stack of patents on the
design. Odd, because class D
was old when | was at college
(many years ago). The DECA 700
and DECA 1200 amplifiers
include compression circuits,
overload protection and no
measurable transient intermod
distortion or slew rate distortion,

Then there’s the Accessit
Aphex aural exciter, a low cost
domestic version of a pro-
fessional product | had never
even heard of. Apparently it
makes any track of an instrument
stand out on the recording, in a
way which cannot be simulated
by even the most sophisticated
equalizer. How it works is secret,
but my guess would be some
kind of non-linear amplitude
response, or perhaps some kind
of digitally controlled attack
enhancement. it would be
interesting to try one out with a
variety of waveforms and a
scope...,

Casio have produced a four
channel sequencer with enough
memory for 3600 notes in the
manual recording mode (and
half this in the real time record-
ingmode). it's MIDI compatible,
with a metronome built in for
real time recording, and costs
£295. Their newest, biggest
synthesizer has a similar, eight
track sequencer built in,

The Roland SRV-2000 reverb
unit also offers MIDI!, and it can
work effectively in conjunction
with the Yamaha synth men-
tioned below, It costs about
£1400, and is rather more than
your average reverb stuffed into
a 100 watt combo. It allows you
to- program room dimensions,
wall covering effects (damping),
as well as special effects such as
gated reverb. Thirty two different
sets of parameters may be stored
in memory, and activated via the
MIDI connections.

Yamaha have a number of
new products. The DX21 pro-
grammable synthesizer is one
such - the spec reads like that of
a computer, but one of the main
features is that it is organised so
that the ‘non-computerate’ can
make good use of it. In common
with the majority of new elec-
tronic instruments, it has MiDI.
Among many sounds, it can
simulate a guitar. Unlike other
guitar synth units, the effect of
string bending on only one string
out of a chord can be simulated.
Other synths just let you fre-
quency shift the whole lot.

Let's hope the experiment
pays off and the Music Fair stays
open to the public. It's only three
days out of six, after all - and for
£3 you can see a great deal if you
are organised.

Andy Armstrong

- Itseasyto
complain about

advertisements.
But which ones?

Practice.

Every week millions of advertisements
appear in print, on posters or in the cinema.

Most of them comply with the rules
contained in the British Code of Advertising

But some of them break the rules and
warrant your complaints.

If you're not sure about which ones they
are, however, drop us a line and we'll send you
an abridged copy of the Advertising Code.

Then, if an advertisement bothers
you. you Il be justified in bothering us.

The Advertising Standards Authority.

If an advertisement is wrong, were here to put it right.
ASA Ltd, Dept 2 Brook House. Torrington-Place, London WC1E 7HN

This space 1s donated in the interests of high standards of advertising,
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CLASSIFIED

Line age.

45p per word (minimum 15 words)
‘Semi Display: (minimum 2 cms)
£11.80 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)

~LANC A SHIRE
ET ESON ELECTRONICS
168 Lower Green,
@ @Poulton- Io-Fyldo lackpool
1: (0263) 886107

Open: 8.30am-12.30. !30530 ClosedWed & Sun. |
Electronic Componem Specialists.

ONE STOP ELECTRONICS
126a Maidstone Rd., Rochester ME1 3DT
Tel: 0634 400179
Open 7 days a week.
Test equipment, telephones, two-way radios, repairs,
cellular radio.and components.
Calland browse anytime except Wednesdayaftefnoon.

| selectable all

MERSEYSIDE ~~~

- 0>0D3-L0MmMrm

‘ PROGRESSIVE RADIO -
93 Dale Street. Tel 051 236 0982

! 1 47 Whitechapel, Tel 051 236 5489
i . Liverpool 2
‘THE ELECTRONICS SPECIALISTS’
Open: Tues-Sat 9.30-5:30 i

- 0P>SO0OITI-OMrm

WHO NEEDS A
ANALYSER? lllustrated guide
shows you how to decode microp-
rocesses Buff signals using a stan-
dard oscilloscope. Price £4.99 +
40p P&P. Crossed cheques/P.0.'s
to:- Mr M Rimmer 20, Duddie Lane,

Walton-le-Dale, Preston, Lancs
PR5 4UD.
PARAPHYSICS JOURNAL

(Russian translation); psycho-
tronics, kirlianography, heli-
phonic music, telekinetics.
Computer software.
4 x 97
Wiltshire .

HUNT ELECTRONICS 1985.
COMPONENTS CATALOGUE.
send 50p in stamps. Refunded
with first order, to P.O. 57, Derby,
DE6 6SN. Tel: (0283) 703071.

LOGIC.

JBA ELECTRONICS
Specialists in manufacture and
design of:

Microprocessor, Telemetry, and
Audio-based systems.
UNIT 9,
- BRECON INDUSTRIAL ESTATE,
BRECON, POWYS, S. WALES

Tel: (0874) 2563

-.SAE..
Paralab, Downton 2

’
LABEL IT!
PROFESSIONAL QUALITY LABELS AND
BADGES MADE TO ORDER

Low cost ® Various colours and styles e
Engraved by us * Very hard-wearing
waterproof plastic or metal
Fast efficient service
Write to Rob Thomson for FREE details

THOMSON
Electronics
Radio Communication Specialists

Basement Office, 5 David Place,
\ St. Helier, Jersey. Tel: 0534-75170

DESIGN SERVICES, microp-
rocessor, special |nterfaces ana-
logue, dlgltal signalling, alarm
systems, PCB design and artwork.
Prototype and smalil batch pro-
duction. ALAB ELECTRONICS.
Grantham (0476) 860089.

*** TANGERINE OWNERS ***

| 6809 CPU board, Flex-0/S, 14K

RAM card overiay Tanex, 32K-
RAM-EPROM-BATTERY BACKED
BOARD address switchable page
available from
STOCK aiso all the hard to get
Tangerine chips in stock, loads of
FLEX programmes, power sup-
plies, Access/Barclaycard, s.a.e.
fordetails. Ralph Allen Engineer-
ing, Forncette-End, Norwich,
NR16 1HT. Tel: 095389 420.

- COLOUR GRAPHICS MEMORY

ARRAY. Professionally designed,
fully buffered, on-board shift
registers 4/8 planes 64K x 16/8
bits (4164). Unpopulated PCB +
App. Circuits £125.00. SAE 65
gg:ﬂ;gage 8t., Colchester, Essex

01-437 0699 Ext 323

Send your requirements to:
Caroline Faulkner

ASP Ltd.,

1 Golden Square,

London W1.

; COMPUTER
B  ADD-ONS

~ WANTED :

TURN YOUR SURPLUS tran-
sistors, I1C's etc into cash. Con-
tact Coles Harding & Co., 103
South Brink, Wisbech, Cambs.
Tel: 0945 584188. Immedlate
settlement.

THREE TMX 9909NL Fioppy Con-
troller chips in working order any
reasonable price paid. Tel: 0235
31436. Mr i. Nimmo after 6.00pm.

4 SERVICES ’

ec

uangum

From
Airwave Communication Ltd.
Manufactures to your design, specification or brief.
From bare boards to systems.
One offs, prototypes and small batch runs.
Projects, Repairs, P.C.B. Service

S.A.E or Phone for details.

") ] Mo
30 W Unit 1e
WO S“\P\ Barbican Rise, Looe 7 Oo ('4
100 Cornwall PL13 10Q

(05036) 4739 or 3407

o Products

ETI. VCDO authentic musical in-

. struments in EPROM £9.95. O.

Lucas, 45 Fotherby Ct,,
head, Berks SL6 1SU.

Maiden-

FREE PROTOTYPE of the
finest quality with every P.C.B.
artwork designed by us. Com-

' petitive hourly rates, and high

standard of work. Halstead
Designs Limited. Tel: halstead
(0787)477408.

P.C.B. DESIGN and Layout.
Manually taped artwork pro-
fessionally produced at competi-
tive prices. James Gledhiil.
01-674-8511.

PCB DESIGN AND LAYOUT.
Contact Elpincrest Ltd, 46 Argyle
sS;;_“ls.ondon N182PP. Tel 01-807-
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ALARMS

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
LOWESTPRICED TOP QUALITY -

fire and intruder alarm equip-
ment, etc. S.A.E. for catalogue.
Security Services, 162 High St.,
Hythe, Kent CT21 5JR.

SECURITY
Alarm Systems

FREE COMPREHENSIVE CATALOGUE!
® LOWEST DISCOUNT PRICES
@ HIGHEST QUALITY EQUIPMENT
® FREE DIY DESIGN GUIDE

@ QUICK DESPATCH SERVICE

@ FULL INSTRUCTIONS
SEND SAE OR PHONE

CTEC SECURITY, Dept E1,

Stephens Way, Goose Green,

Wigan WN3 6PH

Telephone {0942 42444)

POWER SUPPLIES

150W SWITCHMODE PSU + 5V
@84A. + 12V @4.8A. + 24V @
1.7A. —12V @ 0.2A. Perfect work-
ing order over £70 in Henries
Radio £29 + Carr. 0245 59027
after 6.00pm.

"~ MISCELLANEOUS

HEATHKIT U.K. Spares and ser-
vice. centre. Cedar Electronics,
Unit® 12, Station Drive, Bredon,
Tewksbury, Glos. Tel: 0684
73127.

 COURSES

CONQUER THE CHIP .. .Master
modern electronics the PRACTI-
CAL way by SEEING and DOING
in your own home. Write for your
free colour brochure, now to:
British National Radio & FElec-
tronics School. P.Q. Box 7,
Teignmouth, Devon TQ14 OHS.

ETi OCTOBER 1985

100W AMPLIFIER — £9.95 built
or use the same board for 50w,
150W, 200W into .4 or 8 ohms,
etc., by using alternative output
transistors and P.S.U. S.A.E. for
full defails to:- ESS Amplifica-
tion, 269 Hessle Road, Huli.

SHEETMETAL FOLDERS. 24" x
166" vice or bench model £50
leaflet 01-890-7838 day/eves.

STEREOAMPS 120 WATT
(60+60) . . . Case-D.I.N. sockets
anccontrols. ..9.40v/smoothing.
. . Protected outputs 3/15 OHM
tested and diagrams £10/inc . . .
KIA 8 Cunliffe Road, likley . . .

MARCON! TF1058 UHF/SHF
Signal Generator with manual,
Marconi THF 1HRE distortion fac-
tor meter, Solartron AWS 51A lab.
amp 15HZ-350KHz. Venner
SH1035/ADV  counter timer
0.01ms (10KHz). 10 sec (0.1Hz).
Ex RAF sweep scope + RF signal
generator, Offers? K. Jones. Tel:
01-689-8722.

PRIVATE SALE. Ten years ETI.
1974 - 1983 £5.00 per twelve plus
postage. Michael, 465 Blackstock
Road, Sheffield S14 1LB.

TECTRONIX OSILLOSCOPES.
8-trace 19 MHz Dual-Beam type
55 1£235. 556 Dual-beam 4-trace
50MHz Delay sweep £345. 54M
Dual trace 50MHz Delay sweep
display — switching £250. 585A
Dual-trace 85MHz Delay-sweep
£250. 502A Dual-beam 100 micro-
volts IMHz £105. Philips type 3212
dual-beam 25MHz £335. Storage
oscilloscopes, spectrum analy-
sers, semi-conductor curve-
tracers, manuals, plug-ins, spares,
Nova-3 mini-computer. Other test
equipment. Ring 01-868-4221.

EQUIPMENT

13a Station Road
Cullercoats - North Shields
Tyne & Wear - NE30 4PQ

Telephone 091 2514363

TRANSISTORS - RESISTORS - CAPACITORS -
DIODES - LED'S - SCR'S - ICS - VOLTAGE
REGULATORS - DISPLAYS - AUDIO & EDGE’
CONNECTORS - VERO/PCB'S - INSTRUMENT
CASES & BOXES - POWER AMPLIFIERS &
MODULES - MICROPHONES & STANDS.

 WRITE OR PHONE FOR FREE PRICE LIST.

YOU ARE NEVER FAR FROM A

PARTRIDGE
" COMMUNITY
BROADCAST MIXER

56 Fleet Road, Benfleet, Essex S$7 5JN
03745 3381 or 03745 3256 for full details “

‘GRIPMATE’ .

NEW! ELECTRONIC ENGINEERS NEED
‘EXTRA HANDS' FOR

SOLDERING GLUEING
AND ASSEMBLING

This essential compact tool comes
complete with 4 croc.clip flexi-arms
to hold components positively and
rapidly with infinite positioning.....
ONLY 6 USEFUL ACCESSORIES....

s 48mm 2.5« MAGNIFIER FLEXI-ARM £2.50 _——
% . MAGNET FLEXI-ARM £1.50

ALL PRICES INCLUDE VAT- POST-PKG
SEND NOwW! CHQ/F‘O OR SAE DETAILS DIRECT FROM THE MAKERS: 3 048T§4L§ a4
KEMPLANT LTD (DEPT.2) D

L DURFOLD WOOD, PLAISTOW, BILLINGSHURST, WEST SUSSEX RH14 OPN

- TESTEQUIP.

TOP PRICES PAID
for surplus electronic test

Flanger/Chorus parts
re E.T.L. Jan 84

Reverb Springs, Pedal Cases, Dummy Key-
boards, Microphones, Audloleadsand adaptors,
clearance bass effects pedal and mary more

equipment items.
ALWAYS a good selection of 1 Send 8.A.E. for free price list to:-
SIG-GENS, METERS, and SOLAR SOUND LTD
SCOPES for sale. 18 Berton Way
Phone 0920-871430 Croxtey Green
Rickmansworth

Herts WD3 3QA

. REPAIRS ‘

PRINTED CIRCUIT BOARDS

POWER SUPPLY REPAIRS. We
offer a fast repair service on most
makers of DC power units in the
range of 1 amp to 30 amps. Crow
bars etc, also fitted. Full details
ring: 0536 743 496.

one-offs and small quantities
supplied. Artwork carried out.
Fennel Industrial Electronics, 54
Watling Street, Nuneaton, Warks’
CV11 6JL. Tel: 0203 382296.



PLANS N DESIGN

AMAZING ELECTRONIC plans,
lasers, gas, ruby, light shows,

high voltage teslas, van de graph -

survelllance devices, uitrasonics,
pyrotechnics, new solar
generator, 150 more projects,
catalogue. S.A.E. Plancentre,
Old String Works, Bye Street,
Ledbury HR8 2AA.

COMPONENTS

RESISTORS, CAPACITORS.
1,000 mixed carbon film %BW, aW,
12W, 2%, 5%, 10% resistors £2.95
+ 50p P&P. SAE for details to: D.J.
Hooker, Romrniey Marsh, Elec-
tronics, Clark Road, Greatstone,
New Romney, Kent TN28 8PB.

NI-CAD BATTERIES. AA, 500
MAH £1.00. C 1200 MAH £2.00. D,
1200 MAH £2.20. PP3 110 MAH
£4.80. P&P 40p. Free price list!
Spectrum Radio & Electronics, 36
Slater St., Liverpool L1 4BX. 051-
709-4628.

TRANSISTORS
Guaranteed top-spec devices
BC107, hfe>125, 1c0.1A, 50pc £7
BC109, hfe>>240, Ic0.1A, 50pc £9
BC184C, hfe>450, 1c0.2A,50pc £6 |
For 100+ pc deduct 15% g
Al orders add 40p P&P + 15% VAT
Connexion Services, P.O. Box 1
Ratby, Leicester LE6 0XU

EPROMS 27128-250ns. Full spec.
parts £6.00 Inclusive of VAT, P&P.
Securlty Soft Ltd., Unit 19, Derby
Trading Est., Stoves Rd., Derby
DE2 4BE (0332) 363422,

VAST RANGE of products from
many branches of science and
technology. High specification
components, labware, lasers, in-
struments, chemicals, optics,
computer supplies and much
more. SAE with details of your
specific requriements or for
catalogue, Science- and Tech-
nology Products (CET2), PO Box
192, Poole, Dorset, BH15 4AL.

BRIDGE RECTIFIERS 600/35A,
ideal. M3cycles £4.20. Electronics
400/4° 10/25 1/63 10/63 10p.
1500/2.5 100/0.3 150/40 64/63
15p. 2500/2.5 1000/10 20p 3200/
4 470/35 25p. 1000/16 640/25
470/40 250/64 30p. Polyester
0147/250 10p. P&P 30p per order.
Robins Electronics, Greenway,
Monkton, Taunton TA2 8NQ.

TMS 2764 BLANK EPROMS. 64K
‘memory. Brand new — £4.75
each. Discount for quantity. South
Benfleet 54663. Essex.

KITS

NEED A TWO OCTAVE keyboard |

for your synth project? Sorcerer
etc. Wehavethem.Brand newC-C
£7.00. W.E.M. Unit 119, 62 Tritton
Road, London SE21. 01-761
6568.

HE ORGAN KITS, keyboards,
components, PCBs availablefrom
A.T.Hawkins, 23 Blenheim Road,
St. Albans, Herts AL1 4NS (0727)
57344.

MINIATURE' FM TRANSMIT-
TERS. Frequency 60-145 MHz,
range Y2 mile S.G.F. — P.C.B. All
components. Full instructions 9-
12v operation, broadcast recep-

tion. Super sensitive microphone..

Pick-up on FM radio. £6.95 inc; or

-ready built £8.95: Same day des-
atch — Zenith Electronics, 21
tation Rd., Industrial Estate,

Hailsham, E. Sussex BN27 2EW.

ELECTRONIC ORGAN KEY-
BOARDS andotherparts being
cleared out as special offer.
Elvins Electronic Musical
Instruments, 40A Dalston Lane,
London E8. 01-986 8455.

J. Linsley Hood Designs
PP,

Distortion Analyser Kit. £25.00 .- £1.00
Millivotmeter Kit. £12.25 £0.75
Case and Panel for above £12.00 £1.00
ET1 Mostet P.A. KR, £51.00 £1.60
Audio Signal Gen.

(.02%) Kit. £28.50 £1.50
Audio Signal Gen.

{.002%) Made £46.00 £2.00
Fixed Freq. Sig/Gen.

{.002%) £14.00 £0.50
Case for above £0.50 £0.75

Reg. P.8.U. 1.5/35 volis
from £12.80 £0.00
S.A.E. for full Information.
TELERADIO ELECTRONICS
325, Fore Street, London N9 OPE. Tel: 807 3719

PRINTED CIRCUIT BOARDS
AND PLANS TO BUILD: Head-
light activated switches, timers,
metronomes, sirens etc. Two
ready drilled boards £2.85 p&p
50p. Sendto: Chataignes Product,
Green Lane. Great Horkesley,
Coichester, Essex, C06 4HO.

MINIATURE TRANSMITTER

Transmits all volces and sounds to any
VHF/FMradio up to § miles away, size 2in
* 14In, tunable 70-150 MHz, 9-voit opera-
tion, with vero £4.95, with P.C.B. £5.95.
Advanced model £9.85 with P.C.B, all
complete kits with pioans, sensitive
microphonas. Send cash/cheque/PO:
TECTRONIKS
22 Lambardes N.A.Q. Nr Dartord,
Kent DA3 8HX.

MAIL ORDER ONLY

MICROCOMPUTER
, REPAIRS

ZX SPECTRUM. Vic20,C64,BBC,
QL 15 40/41, Commodore com-
puters, printers and floppy discs.
Send faulty machine to: Trident
Enterprises Ltd.,, 37 Linden
House, Common Road, Langiey,
‘Slough, Berks. Tel: (0753) 48785.
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SERVICE

How to order: indicate the books required by ticking the boxes and send this page, together with your payment to: ETI Book Service,
Technical Book Service, Oak House, Cannon Hill Way, Maidenhead SL6 2EY. Make cheques payable to Technical Book Service. Payment
in sterling only please. All prices include P & P. Prices may be subject to change without notice.

O Computer Techriques Handbook Margolis £17.7
BEGINNERS GUIDE B IBt:lld ygur 3\'Mn Expert System Naonrg £a.4g
. . = . nteractive Video Parsloe 12.
O gteeglﬂgtne:gnGmde to Basic Programming £5.85 O Programming with D Base Ill Progue 21%_;3
] Be F;nner’s Guide to Digital Electronics £5.85 D ‘Sniicsl Imteligence Shiral/Tsull 12000
O Beginner’s Guide to Elgctronics £5.85 IE!] ?ﬁ?esﬂ'"en PJOB!'Jrarl?mfhz:gs'nlf‘: prpang: i
L] Beginner’s Guide to Integrated Circuits £5.85 O VLsI Tgch(?\olog;3 S%E uivan 552'83
% gggmng:’: (G;:::g: :g I\cﬂci’gr‘gurtg;s sor %ggg D A User Guide to the UNIX System Thomas £21.45
‘ gi ] 1 processors . O Going from BASIC to C Traister £22.15
O Beginners Guide to Microcomputing £5.85 O Introduction to Pascal Welsh/Elder £11.45
O PASCAL 3rd Edition Findley/Watt £10.95
COOKBOOKS ]
O Microprocessor Cookbook M. Hordeski £10.65
O IC Op Amp Cookbook Jung -~ £15.50 REFERENCE BOOKS
0 Active Filter Cookbook Lancaster £14.95 . . 1
O TV Typewriter Cookbook Lancaster £12.50 O Electronic Engineers’ Handbook Fink £66.60
0 CMOS Cookbook Lancaster £13.95 3 Electronic Designers’ Handbook Giacoletto £77.75
O TTL Cookbook Lancaster £12.95 O Handbook for Electronic Engineering Technicians £40.50
[1 Micro Cookbook Vol.1 Lancaster £15.30 Kauffman . i
O MC 6809 Cookbook £7.25 0 Handbook of Electronic Calculations Kauffman £42.25
' O Modern Electronic Circuit Reference Manual £57.45
. Marcus
ELECTRONICS O Handbook of Microcireuit Design & Applications £49.95
" Stout & Kaufman
I Electronic Devices & Circuit Theory Boylestad £15.95 A A
) Principies of Electronic Instrumentation De Sa £11.45 O International Transistor Selector Towers £14.50
[J Giant Handbook of Computer Software £12.95 O International Microprocessor Selector Towers £16.00
O Giant Handbook of Electronic Circuits £22.95 O International MOS Power and other FET Selector £10.95
O Giant Handbook of Electronic Projects £13.60 01 International Digital IC Selector Towers £10.95
O Electronic Logic Circuits Gibson £6.45 O International Op Amp Linear IC Selector Towers £9.50
O Analysis and Design of Analogue Integrated £42.50 O Ilustrated Dictionary of Electronics Turner £19.75
Circuits Gray
O Basic Electronics Grob £13.00
O Lasers, The Light Fantastic Hallmark £10.90
O Introduction to Digital Electronics & Logic Joynson £6.25 o .
[ Electronic Testing and Fault Diagnosis Loveday £7.85 O Servicing Home Video Cassette Recorders Hobbs £19.05
O Electronic Fault Diagnosis Loveday £6.25 O Complete Handbook of Videocassette Recorders £10.50
O Essential Electronics A-Z Guide Loveday £7.50 Kybett . .
O Microelectronics Digital & Analogue circuits and sys- £12.25 O :‘Ahegrvt and Servicing of Videocassette Recorders £15.45
tems Millman cQinty l )
O Power FETs and their application Oxner £41.00 O Beginner's Guide to Video Matthewson £5.85
[1 Electronic Drafting and Design Raskhodoff £26.65 00 Video Recording: Theory and Practice Robinson £16.00
O Etectronic Fauit Diagnosis Sinclair £4.50 O Video Handbook Van Wezel £24.00
O Digital Systems: Principles and Applications Tocci £14.95 O Video Technique White £16.25
0 Master Handbook of Telephones Traister £12.50 O Grob Basic Television and Video Systems £14.95
O Gowar J. Optical Communications Systems £17.95
O Graf Encyclopedia of Electronic Circuits £30.45
0. Horowitz/Hill The At of Electronics_ £19:50 ELECTRONIC DATA BOOKS
B 'S,z:g; ;Jés%pgt:::ﬂl:‘l:l;re Communications: oTaliE O THT 83/84 Data dictionary and comparison table £9.50
8 O TVT A-Z Transist uivalent book £5.00
©  Tomel Principles and Practice of Electrical and O TVT2N Transisl|o‘:';:%iv:|en| bo?,ﬁ £5.30
O Electronic Troubleshooting £15.70 O DAT 1 Part 1 of compendium covering transistors A- £8.40
0O wilson/Hawkes Optoelectronics: An introduction £15.70 BUY
: O DAT 2 Part 2 covering C-Z transistors . £10.50
- 2 o O DAT 3 Part 3 covering 2N21-2N6735 £9.30
- O DAT 4 Part 4 covering 25A,2SB,2SC,28D,2S4, £10.50
COMPUTERS & MICROCOMPUTERS 2SK,3N,3S4,3SK,4000
O From BASIC to PASCAL Anderson £11.30 O LIN 1 Linear operational amplifiers data and com- £6.50
D Microprocessor Interfacing Carr £8.50 ] Efﬁlszofi::aeg'refonage stabilizers, data and £6.50-
O glaicr:rrocomputer Interfacing Handbook A/D & D/A £12.80 comparison tables i
. J - § [ TTL TTL digital data and equivaient book £7.80
o g;;’:é’:::”""g Microprocessors and Digital Logic k]2:80 D DDV/1 Part 1 European diode data equivalent book £7.90
O How to Design, Build and Program your own working £13.90 o DDY‘{:IZ;I{? A'l;nencan and Japanese diode data and £7.90
Computer System Havilland equ 00!
O Microcomputer Builders’ Bible Johnson £14.75
3 Digital Circuits and Microcomputers Johnson £16.95
O PASCAL for Students Kemp £6.95 ) &D
O The C - Programming Language Kernighan £24.45 e e e o o e, =-*=1
O Theory and Practice of Microprocessors Nicholas £11.45 I Please send me the books indicated. | enclose cheque/postal order for | |
O Microprocessor Circuitss Vol.1. Fundamentals and £9.80 P S Prices include postage and packing.
5 m!crocontrollersANolll_ tions Handbook Stout £46.45 | wish to pay by Access/Barclaycard. Please debit my account. ]
icroprocessor Applications Handbook Stou X ]
O Handbook of Microprocessor Design and £46.45 50 O O | [ !
Applications Stout I OOO0O00000000004d 1
O Programming the PET/CBM West £20.25 ] Signed 1
O The Art of Microdesign Berk A.A. £15.45 1
01 Starting FORTH Brodie £23.10 Name 1
O Thinking FORTH Brodie £19.95 I Address )
O SCR Manual 6th Editlon General Electric. £19.20 i
O Videodisc and Optical Memory Systems isailovic £42.55 15
O A Practical Introduction to New Logic Symbols i 1

Kampel £13.00 B T Tl g,
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More This Month

- )
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at Maplin |S lt &l turtle g
Colour—coded IDC cables - | 7

16-way (XR80B) ONLY 32p per metre. s I a ro o

20-way [XR81C) ONLY 40p per meire. = ®

26-way (XR82D) ONLY 54p per metre. i 7

34-way (XR83E) ONLY 70p per metre ls It a buggv

40-way (XRB4F) ONLY 82p per metre O
. 50-way [XR85G) ONLY 99p per metre P o

4-way flat flexible telephone lead (XR86T) ves ' It s zero 2

ONLY 18p per metre. ® ™

Stepper motor 48 steps/rev, 12V 0.13A per
phase, 4-phase unipolar, 57g, working
torque 8mNm max ONLY £9.95 (FT73Q).

Driver chip far motor: SAA1027 ONLY £3.75
[QY76H).

*SAVE* 1 Kit containing everything you need.
motor, SAA1027, data sheet and passives
ONLY £13.35 {LK76H).

Sounds Terrific

More Choice In

A new range of very high quality multimeters
offering truly amazing quality ot the price

Pocket Multimeter, 16 ranges, 2,0000/V DC/AC
£6.95(YJ06G)

M-102BZ with continuity buzzer, battery tester
and T0A DC range, 23 ranges, 20,0000/ DC
£14.95[YJO7H)

M-2020S with transistor, diode and LED tester
and 10A DC range, 27 ranges, 20,000Q/V DC
£19 95 {yJosl)

M-5050E Electronic Multimeter with very high
impedance FET input, 53 ranges, including
peak-to-peak AC, centre-zero and 12A AC/DC
ranges £34.95 [YJO9K)

M-5010 Digital Multimeter with 31 ranges
including 20€} and 20uA DC/AC FSD ranges,
continuity buzzer, diode test, and gold-plated
pcb for long-term reliability and consistent high
accuracy {0.25% +1 digit DCV) £42.50 (YJ10L)

Professional Quality
High Power Loudspeakers
featuring-

* Virtually indestructible high-temperature
voice-cail reinforced with glass-fibre.
100% heat overload tolerance.
Advanced technology magnet system.
Rigid cast alloy chassis

Linen or Plastiflex elastomer surrounds
5-year guarante¢ [in addition fo
statutory rights).

Prices from £18.95

Send S AE forour free leaflet XH62S.

* % %t %

Top Ten Kits

B May be used by any computer with R$232 facility. —
B Stepper Motor controlled. . *

B Half millimetre/half degree resolution. The Maplln Service

B Uses ordinary felt-tip pens. Allin-stock goods despatched same day tor all

B Built-in 2-tone horn, line-follower. LED indicators.  orders received before 2.00 pm

Al our prices include VAT and carriage {first
class up to 750g).

A 50p handling charge must be odded it your

THIS/LAST

MONTH DESCRIFTION CODE PRICE  BOOK The Zero 2 Robot is the first truly micro robotic system available

and remarkably it costs less than £80. Complete kit (only

1. (1] # LveWreDelecior K61 €295  14XAUQ  mechanical construction required) £79.95 (LK66W). jaiol e S| <55 i 361 OB eImeil- ol
g g% :: g%@%fﬁm m%; 2;5435 E?&gf‘g’w Full details of power supply and simple interfacing for BBC, (except catalogue].
4 {7 = LogicProbe KI3P  £1095 8XACE) C‘?mn;gd?;i?géj)”d Spectrum, in Maplin Magazine 15 — m Access ?
5. (5) 4 Ufsonic Intrudr Dictr LWB3E  -£10.95  4XAD4E RUCCA2P. 0 ExeEEss = n
6. [4) = Parbyiite LW93B  £10.95  Bestof £ & MM B . | ——
7. {8) = 8WAmplifier LW36P €495 Cotal e = " e
& L) o NoiseGole oy B:squ%(gr\::A B Phone before 2.00 p.m. for same day despatch.
9. (9 4 Computadrum K52G €995 12XA12N
10. -] o DXer'sAudio ProcessorlKOSF  £9.85 7 XAOTH \ Top Ten Books
o : ‘\ ) 1. (1} 4 Loudspeaker Enclosure
& | = X o Design and Construction WM82D £325
4 : : - L 2. (4} & Mostering-Electronics WME0Q £4.70
A MAPLIN ELECTRONIC SUPPLIES LTD 3 E3) 4 Remote Control Projects XW3IN  £2.75
. _ Ny . 4. (9) & HowtoBuild Your Own
Mail-order: P.O. Box 3, Rayleigh, Essex SS6 8LR. Solid State Osciloscope XWO7TH  £2.10
Teephane: Southend (0702) 552911 5. (5] 4 International Tronsistor
- SHOPS . Equivalents guide - - WGI0H £3.25
Over 100 other kits also available. All kits | ® BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356-7292. 6. (8] e HowtoDesign and Make-
supplied with instructions. The descriptions e LONDON 159-161 King Street, Hammersmith, Wé. 7 0 YourOwn FeBs WKG3T - £205
Telephone: 01-748 0926 . (2] = Power Supply Projects XW52G  £210
above are necessarily short. Please ensure you elephone 8. {-] = RadioControlforBeginners YWEEW  £1.95
know exacﬂy what the kit is and what it e MANCHESTER 8 Oxford ROOd,TE[: 061-236 0281. 9.. -] & Howto UseOp-um;?s ) WA2G 9245
comprises before ordering, by checking the e SOUTHAMPTON 46-48 Bevois Valley Road. Tel: 0703-225831] 10 7] « Electronic Synthesiser Projects, © XWé8Y  £1.95
appropriate Project Book mentioned in the list e SOUTHEND 282-284 London Rd, Wesrcliﬂ—pn-Sec, Essex. Al offers subiect fo avalabiliy. :
above | Telephone: 0702-554000. Shops closed all day Monday. Prices firm until 9th November 1985,
68
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