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OVP POWER AMPLIFIER MODULES
OMPPOWER AMPLI R MODULES nowenoya

world wide reputation for cuahty, rehiability and performance at a reahistic price Four models

available to suit Lhe needs of the professional and hobby market Industry Leisure
Instrumental and Hi-F1 eic When comparing prices. NOTE all models include Toroidal
power supply integral heat sink Glass fibre P C B and Drive circuits to power compatible

 meter Open and short crrcuit proof  Supplied ready built and tested.

OMP100 Mk Il Bi-Polar Qutput power 110

S watts RM S into 4 ohms Frequency Res
3 ponse 15Hz - 30KHz —3dB, THD 001%
SNR 118dB, Sens for Max output

500mV at 10K, Size 355 » 115 x 65mm
PRICE £33.99 + £3.00 P&P.

OMP MF100 Mos-Fet Qutput power 110
watts RM S into 4 ohms, Frequency Res
ponse 1Hz - 100KHz —-3dB, Damping Factor
80. Slew Rate 45V uS. THD Typical
0 002%. Input Sensitivity 500mV, SNR

125dB Size 300 ~ 123 60mm PRICE
PRICE £39.99 - £3.00 P&P

OMP, MF200 Mos-Fet OQutput power 200
watts RM'S into 4 ohms, Frequency Res
ponse 1Hz - 100KHz —3dB. Damping Factor
250. Slew Rate 50V uS THD Typical

0.001%, Input Sensitivity 500mV. SN R
130dB, Size 300 ~ 150 ~ 100mm. PRICE
PRICE £62.99 - £3.50 P&P

OMP MF300 Mos-Fet Qutput power 300
watts RM S into 4 ohms, Frequency Res
ponse 1Hz - 100KHz —3dB. Damping Factor
350, Slew Rate 60V uS. THD Typical
00008%. Input Sensitivity 500mV, S NR

130d8B. Size 330 ~ 147 ~ 102mm PRICE
PRICE £79.99 - £4.50 P&P.

NOTE: Mos Fets are supplied as standard (100KHz bandwidih & Input Sensitivity 500mv
P A version (50KHz bandwidih & Input Sensitivity 775mV) Order — Standard or P A

frequired

Vu METER Compatible with our four amplifiers detailed above A
very accurate visua! display employing 11 L F D diodes (7 green
red) plus an additonal on oft indicator Sophisticated logic contr
circuits for very fast rise and decay times Tough moulded plast
ase, with tinted acrylic front Size84 - 27 - 45mm
PRICE £8.50 - 50p P&P

LOUDSPEAKERS 5" 10 15" up to 400 WATTS R.M.S Qf‘"
Cabinet Fixing in stock. Huge selection of McKenzie
Loudspeakers available including Cabinet Plans. Large

D

S.AE. (28p) for free details. e
POWER RANGE

8 50 WATTRM S H| Fi Disco

20 oz magnet ell 0 round alty fixing escutcheon Res Freq 40Hz Freq Resp
6KHz Sens 92dB PR E[1'l99Ava<Labe with black yr £1199 P&P £1 50 ea

12 100 WATT R.M S Hi-Fi Disco

50 oz magnet 2 ally voice coll Ground ally fixing escutcheo cast ¢ Vhite corne Res
Freq

25Hz Freq Resp 1o 4KHz Sens 95dB PRICE £28 60 £3 00 P&P ea

McKENZIE

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

2" ally voice | Ally centre dome Res Freq 45Hz Freq Resp t
£300 P&P ea

12" 85 WATT R.M.S C1285TC P A Disco 2 ally voice coil. Twin cone

Res Freq 45Hz Freq Resp to 14KHz PRICE £29 £300 P&P ea

15 150 WATT R.M S C15 Bass Guitar Disco

3" allyvoicec Die castchassis Res Freq 40Hz Freq Resp 104KH, PRICEf54 99

10° 60 WATT R.M.S 1060GP Gen. Purpose Lead Guitar’Keyboard. Mid

2" voice coll Res Freq 78Hz Freq Resp to 7 5KHz Sens 99dB PRICE£19 15 -

107 200 WATT R.M.S C10200GP Guitar, Keyboard, Disco

2" voice coil Res Freq 45Hz Freq Resp to 7KHz Sens 101dB PRICE £51 00 - £3 00 P&P

15" 200 WATT R.M.S C15200 High Power Bass.

Res Freq 40Hz Freq Resp to 5KHz Sens 101dB PRICE £59 45 - £4 00 P&P

15" 400 WATT R.M.S§. C15400 High Power Bass.

Res Freq 40Hz Freq Resp to 4KH:z Sens 102dB PRICE £8500 + £4 00 P&P

6 5KHs Sens 98dB PRICE £28

£4 00P&P ea
P A
£2 00P&P

5 70 WATT R.M.S Multple Array Disco etc

voice coll Res Freq B2Hz Freq Resp to 5KHz Sens 89dB PRICE £19.99 - £1 50 P&P ea
8 150 WATT R.M.S. Multipie Array Disco etc
1" voice coll Res Freq 48Hz Freq Resp to 5KHz Sens 92dB PRICE £29.49 - £1 50 P&P ea
107 300 WATT R.M.S. Disco Sound re-enforcement etc.
1 voice coll Res Freq 35Hz Freq Resp 10 4KHz Sens 92dB PRICE£33 49 - £2.00 P&P ea
12° 300 WATT R.M.S Disco Sound re-enforcement etc
voice coll Res Freq 35Hz Freq Resp to 4KHz Sens 94dB PRICE£4149 - £300 P&P ea
SOUNDLAB (Full Range Twin Cone)
60 WATT R M.S. Hi-Fi,” Multiple Array Disco etc
voice col Res Freq 63Hz Freq Resp 1o 20KHz Sens 86dB PRICE £999 - £1 00 P&P ea

6 60 WATT RM S Hi-Fi"Multiple Array Disco etc

1" 'voice coll Res Freq 56Hz Freq Resp lo 20KHz Sens 89dB PRICE£1099- £1 50 P&P ea
8" 60 WATT R.M.S Hi-Fi’Multiple Array Disco etc

1'," voice coll Res Freq 38Hs Freg Resp 10 20KH; Sens 89dB PRICE £12 99
10" 60 WATT R M.S. Hi-Fi-Disco etc

1 voice coil Res Freq 35Hz Freg Resp to 15KHz Sens 89dB PRICE£16 49 - £2 O0P&P

£1 50 P&P ga

HOBBY KITS. Proven designs inciuding glass
fubre printed circuit board and high quality
components complete with instructions.
FM MICROTRANSMITTER (BUG) 30/105MHz with very sensitive
microphone. Range 100/300 metres. 57 x 46 x 14mm (3 volit)
Price: £8.62 + 75p P&P
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controfled

professional performance. Ran: ge up to 3 miles 35 x 84 x 12mm
{12 voht) Price. £14.49+ 75p P
SINGLE CHANNEL RADIO CONTROLLED TRANSMIPTER/

RECEIVER 27MHz. Range up to 500 metres. Double coded modulation.
Receiver output operates relay with 2amp/240 volt contacts. Ideal for
many applications. Receiver 90 x 70 x 22mm (3/12 voh). Price:
£17.82 Transmitter 80 x 50 x 15mm (9/12 voit). Price: £11.29

P&P + 75p esch S.A.E. for complete list 3 watt FM

Transmitter

POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL
ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT
BODIES. ETC PRICES INCLUSIVEOFV.A. T SALES COUNTER
VISA/ACCESS/C.0.D. ACCEPTED

VISA

* PRICES INCLUDE V.A.T

*+ PROMPT DELIVERIES » FRIENDLY
RRENT L|

IDEAL for Work
shops, Factories

SERVICE * LARGE S.A.E 28p STAMP FOR

BURGLAR ALARM

Better 1o be "Alarmed’ then ternfied

Thandar'sfamous‘Mmde‘r'Bgurglar/glarmSyslem‘ Offices, Home
Superior microwave princ:ple Supplied as three unii
>-)‘Iele with -wlljev onnect able  FULLY etc. Supplied
GUARANTEED. ready buiit
Control Unit — Houses microwave ragar t. range
up to 15 meties adjustable by sensitivity ntrol
Three position, key operated tacia switch H — test
armed 30 second exit and entry delay
Indoor alarm Eleciron swept freq
104dB output
Outdoor Alarm Electronic swepl freq sirel 98dB
output Housed in a tamper-proot he me
ase
Both 1r tr it and out ala 1an re
irgeable batteres wh provide fu rotect
during ns failt Power requirement 20 60V
AC 50/60H: Expandable with doo
uttens etc Complete with instruct

SAVE t138,00 usual P efzzéss
BKE's PRICE £89.99 - £4.00 P&P

Why buy a cot'ection of self assembly boards

OMP LINNET LOUDSPEAKERS

The very best in quality and value Made speciaily 1o suil todays
need for compactness with tigh sound oulpul levels Finished in
hard wearing black vyni’ = with protective corners grille andcarry
handle All models 8 ohms Full range 46Hz 20KHz Size 20
157 - 127 Watts RM S per cabinet Sensitivity TW Imir dB

OMP 12-100 Watts 170dB. Price £149.99

per pair.

OMP 12-200 Watts 102dB. Price £199.99

per pair. Delivery Securicor £8 00 per pair

1 K-WATT
SUIDE DIMMER

+ Control loads up
10 1Kw

* Compact Size

4 3 =g 2

0 219" STEREO RACK AMPS

= Easy snap in fix
ing through pane!

cabinet cut out

* Insulated plasu

case

* Full wave con

trol using 8 amp
triac

*» Conforms to

Professional 19" cased Mos-Fet stereo

amps Used the World over in clubs, pubs.

discos etc. With twin Vu meters, twin

toroidal power supplies, XLR connections

MFB00 Fan cooled. Three models (Ratings

R.M.S into 4ohms). npu: S

MF200 (100 +~ 100}W. £169.00 Securicor

85800

* Suitable for both resist
ance and inductive loads In
numerable applications in

" industry the home, and
MF400 (200 + 200)W. £228.85 Delivery disco s, theatres etc
MF600 (300 — 300w £27485 £10.00 PRICE £13.99 - 75p P&P

BSR P295 ELECTRONICTURNTABLE

* Elecironic speed control 45 & 33" ;rpm « Plus
Minus vanable pitch control » 8elt driven « Al
n m platter with strobed oim « Cue lever « Ani
skate thias device) * Adjustable counter balance =

Manual arm « Standard artrige fiaings
Supphied complete with cut out template » D C
Operation 9-14v D C 65mA

Price £36.99 {300 P&P

PRP 50p 5

PIEZOQ ELECTRIC TWEETERS MOTOROLA
Je the Piezo tevolution The fow dynamic mass (no
mproved transient response with a lewer distort evel than ordina,y dynam tweeters As a
rossover is not required these uniis can be addeu to existing speaker systems of up to 100 wats
¥ f2 putin sen FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER
TYPE A (KSN2036A) 3" roundwith protectivewire
mesh 1deal for bookshelt and medium sized Hi-t
speakers Price £4 90 each - 40p P&P

TYPE ‘B’ (KSN1005A]) 3 super horn For genera
purpose speakers, disco and P A systems etc Price

£5 99 each - 40p P&P

TYPE 'C’ (KSN6016A) 2 5" wide dispersion
horn For quahty Hi fi systems and quality discos etc
Price £6.99 each - 40p P&P

TYPE ‘D’ (KSN1025A) 2 6" wide dispersio

horn Upper frequency response retained extending
down to mid range (2KHz) Surtable for high quahiy

— Hi fi systems and quality discos Price £9.99 each

40p P&P
TYPE 'E

ADC Q4 mag cartridge fur above Price £4.99 ea

e cad) of a Pieso tweeter produces a

{KSN1038A) horn tweeter with

attractive silver finish tnim Sunabte for Hi-fi monitor
40p P&P

n arecessed mount

control and cabinet input jack socket

40p P&P

systems etc Price £5.99 each
LEVEL CONTROL Combines ¢
ng plate. level
85 - 85 mm Price £3.99 -

STEREO DISCO MIXER

STEREO DISCO MIXER with2 ~ 5bandL &
R graphic equabsers and twin 10 segment
LED VuMeters Many outstanding features
5 Inputs with individual faders providing a
useful combination of the following
3 Turniables {Mag). 3 Mics. 4 Line plus Mic
with talk over swilch Headphone Monitor
Pan Pot L & R Master Qutput controls Out
put 775mV Size 360 - 280 » 90mm
Price £134.99 — £3 00 P&P

DEPT
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ELECTROLYTIC CAPACITORS: (Values in uF) 500v, 10uf52; 47 78p; 83V:0.47,1.0,1.5,2.2,3.3,478p 1010p; | BC109C 14 60182 36 MJET70 150 |TIP3BA 130 |2N2368 25 | 2N6027 32 [ HCOG 3
15,22 12p: 33 15p: 47 12p; 68 20p; 100 19p; 220 28p; 1000 70p, 2200 99p; BOV: 68 20p, 100 17p. 220 24p: %1:;5: gg Beggos/eno MJE180 150 |TIP36C 140 [ 2N2369A 18 | 2SA671 250.| ncop a0
40V: 22 9p; 33 12p; 330,470 32p; 1000 48p; 2200 90p; 25V: 1.5,4.7, 10,22, 47 Bp, 10011 p; 150 12p; 220 15p. 1 45 65| MJE340 84 [TIP41A 50 | 2N2483/4 27 | 2SA715 75 | Hios 40
33022p; 470 25p: 680. 1000 34p; 1500 42p, 2200 50p; 3300 78p: 4700 92p; 16V: 47,68, 1009p; 12512p;330 | BC119 35180378 70 | MIE370 100 [TIP41B 52 | 2N2646 46 | 25C435 85 | Heys 49

) \ BC187/9 401BD434 70 | MJE371 100 (TIP42A 55 | 2N2904/s 28 [ 25C496 85 | 2o 40
18p; 470 20p; 680 34p. 1000 27p; 1500 31p; 2200 26p; 4700 T2p, BCiao =~ 201BD517 75| MUES20 50 TtPa2B 58 | 2N2906/7 28 | 25C1061 250§ 1iCan 50
T 6av: : . OV - Va0 BC142/3 26 (BD645 80 [ MJES21 90 |TIP120 70 [2N2907A 26 | 25C1096 85| ncaz e
TAG-ENDCAPACIYORS.MV.22001209,33001059,4700245p,50\’.22009.59,3.3001559,40\’.4700 BC147 ~ 12|8D6954 150 | MUER955 98 TIbr21/2 75 | Naooed 1o | 56C1res aa | 1S:2 o2
180p; 25V: 2200 70p; 3300 B5p; 4000, 4700 75p; 10.000 250p; 15,000 270p; 18V: 22,000 200p. BC1478B 18| BD696A 150 | MJE3OSS 70 TiP141/2 120 | 2N3053 25 | 28C1173 125 HC74 70
- BC148 ~ 121BF115 45| MPF102 40 TIP147 120 | 2N3054 55 | 25C1306100 | ncss 6o
POLYESTER CAPACITORS: Axisl Lead Type SIEMENS peb BC1488  15|BF154/8 30 [ MPF103 30 [TIP2955 70 | 2N3055 S0 | 25C1307 150 | ncio7 29
400V: 1nF, 1n5, 2n2, 303, 4n7, 6n8 11p; 10n, 150, 18n. 22n 12p; 33n, 47n, L 8149 12(BF167 35| MPF104 30 |TIP3055 70 [2N3252 48 | 25C1448 95| 1iCi0e 60
68n 18p; 150n 20p; 220n 30p; 330n 42; 470n 52p; 680n 1uF 88p; 2u2 B2p. V?;’Camm:gu BC149C 15|BF173 35 | MPF105 30 | TIS43 50 | 2N3441/2140 | 25C1678140 | G139 75
1000V: 1nF 17p; 10nF 30p; 15n 40p; 22n 38p; 33n 42p; 47n, 100n 42p. POyl BC1B2L 10| BF177 35| MPF106 40 |TIS44/5 45 | 2N3614/5180 | 25C1679 180 | nc1s3 70
Ty BC183L  10]BF178 35| MPSAOS 23 [TISB8A 50 | 2N3663 20 |25C1923 65| ncieo 38
POLYESTER RADIAL LEAD CAPACITORS: 250V FEED-THROUGH 8C184  10|BF179 40| MPSAO8 30 |TISS0/91 30 | 2N3702/3 10 |25C1945225 | ncie1 80
10F, 1n5, 2n2,
e R SR 000 0onde; (oo e2 o] ieApAGITORS an3, 4n7. 6ns. BCiasrr 1a|Griswe 13| Mooass a |wisio b | Snrous 10 [25Crass a0 | ncies 0
; ; ; ; . F/450V 1
10p; 330n. 470n 13p; 8300 19p; 1u5 40p; 2u2 48p 10000F/a50 0p LOR SHlTE BC188.6/725 | BF198/9 18| MPSASE 30 | VN1OKM 85 | 2N3708/9 10 | 25C1969 160 | Heios 1o
ANTALUM BEAD CAPACITORS POTENTIOMETERS: Carbon Track, i ' 8C212 ~ 1018F200 35| MPSA70 40 |VN4BAF 90 | 2N3713 140 | 25C2028 85| nG174 100
LV-TO'ILSF 025;033159 0.47, 0.68 Rotary 0.25W Log & LIN Vaiues, gg:asgsr:nn‘g: BC212L 12| BF224A 40 MPSUO2 58 |VNBSAF 110 | 2N3771 179 |25C2020200 | hc17s 100
: 0.1uF. 022, 0.33 15p 0.47, 068, Ty A= oo BC213 10| BF224B 40 MPSUOS 50 |VNBBAF 220 | 2N3772 195 |25C2078170 | He2do 120
1.0, 1.5 18p; 2.2, 3.3 18p; 4.7. 6.8 22p 470R. K (Linear only) n. P BC213L  12|BF245 38 MPSUO6 85 |VNB9AF 120 | 2N3773 210 |25C2091 BS [ ncods 110
10 28p; 18V: 2.2, 3.3 18p; 4.7, 6.8. 10 Single Gang ! <D [0 BC214  10|BF256A 45| MPSUS2 85 |ZTX107/8 12 | 2N3619 35 |25C2314 88| ncza1 100
18p; 15,38p; 22 45p; 33, 47 50p; 100 5K—2M SingleGangLog8Lin 35p5K B8C214L 12| BF256B 30 | MPSUS5 80 |ZTX108 12 12N3820 80 |[25C2166 105 | HC242 100
100n, 1200 10p
95p; 10V: 15, 22, 26p; 33, 47 50p; 100 —2M_SingleGang DPSwitch 95psK— | J20 1800 17P ggggg/e :g ggg;/& 32| MPSUS6 88 |2Tx212 28 | 2N3822/3 80 [25C2335 200 | HC24a 100
80p; 8V: 100 55p. 2M  Double Gang 99p | 220n 270n 15 HC245 10
- 330n 360n 208 BC2se 35 |BF275 55 RF Chokes MIiniature PCB type HC259 90
MYLAR FILM CAPACITORS SLIDER POTENTIOMETERS 470m 560 26p BC307B 15| BF336/7 35 HC373 110
100V: 10F. 2.4, 4nF, 108p; 15nF, 22, | 025W log and linear values 60mm 680n  30p 1uF BCate  baBradt 40| 1un.2uz, aur. 10u. 220 33u 470, 100u 220u 330u, 470 SopfHoare o5
30n, 40n, 47n 7p; 56, 100n, 2000 9p; | 5K — 500K single gang 80p | 34p 2u2 50p BC327/8 12| BFAS4/5 40 | 20mit Samet a3 4Tt = 9 e | ol
50V: 470nF 12p. Graduated Bezels for above 45p VISA & BC337/8 12| BF594/5 30 100mH, 220mH . o ] . 75p | HCBas 185
CERAMIC CAPACITORS 50V: PRESET POTENTIOMETERS ACCESS CA3081 190 |MC1469 300 [Ti091CP 60| 74105 68 | 74C9225%0 | LS19 45 | Lsz2s0 90
Range: 0.5pF to 10nF 4p 0.1W Miniature Vertical or orders CA3085 180 {MC1488 70 | UA2240 120 ;:}g; g ;:ggggg tgg? g; ngso (718
15nF, 22nF 33nF; 47nF 5p Horizontal, 100R to 4M7 8p | Just phone your CA3086 80 Mg::&g 8;0 UA78S40 Z;g 74110 55 L8261 1
100nF/20V 7p 200nF/6V  8p 0.25W Larger 100R to 3M3 Horz 12p | orders through, CA3090AQ 250 | MC149. S | ULN2003 74111 85
0.25W Larger 200Rt0 4M7 Vertical  12p | Wwe do the rest. 5:3;335 132 xgjggL 3‘1’3 gtmggg; 1;8 7411z 180
1 . ¥ 4
rOLFVST?R;ENE. C‘A:‘::c,"?:%,o %" cermet muititurn preset 092:}2"0234 CA3130 40 |MCISse- 225 | Urncacs e 7418 169
e to 1nF 8p; 1.5nF to 12nF 10p. 100 10 500K 89p CA3160 95 |MC1709G 90 | UPC575 275 74118 150
SILVER MICA (Values in pF} 8123 160 | mKssseom g7 | CAZ161 180 | MO3302 78 | UPCTo2SH 3751 74120 99
2.33,47,6.8, 82, 10,12, 15,18, 8131 475 | MMS2800 698 | Coio0 o0 | MCa403  es | upGiies a29 | 74122 S0
22, 27,33, 39, 47, 50, 56, 68, 75, 82, 8150 800 | MMs303 38 | 000 F00 [ UE3M08 88 | Uecisee 1as 14123 13
85, 100, 120, 150, 180pF 15p each 8154 750 | MMS5307 1275 |\ 336w 175 | MC3405 150 | Xm2208 375 a 50
8155 400 | MM5387A B85 1531 14
200, 220, 250, 270, 300. 330, 360, 2102L 8156 400 | MMsg174 875 | HA1388 235 mg?g?ii agg ;2;;(‘3: ;(7)2 ;::gg gg
ICL7106 875
390, 470, 800, 800, 820 21p each {5,,; 278 |BILS9s 175 | MM7ace22 420 | (G710 78 | MLID 300 | XB22l A78) 7432 %o
100, 1200, 1800, 2200 30p sach |5447 300 | B1LS96 175 | RO-3-2513L 700 [ <0000 95 | ML924 275 | XR2266 380 | 74141 80
3300, 4700pF BOp | 2516 300 |BILSET 175 RO-32513ues0 | <iTell B8 | NESTD 370 [7R228e 3801 73132 230
2532 350 | 811598 175 | saas0s0  87s | (17660 250 [ RESIS 278 | Zh4oa 80| 74143 2%0
MINIATURE TRIMMERS Capacitors 25132 450 | 8202 €25 | SFF9364 80O CLe211 225 | NES31 120 [ ZN423E 130 ;::45 H
2-6pF 2-10pF 22p | 2564 800 | 8205 225 | SPO256 478 | Cyovec e22 | NESO3K 225 | Znezdr 130 14148 es
2-25pF; 5-65pF 30p | 256KDram 495 8212 220 TCI3101 €13 | (075174 €19 | NES44 180 | Zn42sE 595 | sanan 1o
10-88pF 3ep | 26501 L b AR 495 | IMS27163V 728 | (00504 785 | NESSS 20 | ZN42Z6E 200 | 74150 130
27165V 300 |8216 150 | TMSa047 100 | (CMIZAT 78S | BRSO 60 | ZNa27E 800 | 74151 8O
RESISTORS Carbon Film, minialure, Hi-Stab, 5%. ;;gi-;so ggg gggg g% ;mgﬂ?gz §(5)g ICM7555 80 | NE558 170 | ZN428E 450 ;::gi 1;2
5 f 0 40
RANGE‘OM V;;L 199 100+ [21ce4 8s0 | 8228 310 | TMsasoo  grz | (CMTSSE 140 [NEDEG 250 | ZN420E 240 Taisl s
0.25W 202 — (= 3 p 27128-250 300 | 8236 00 | TMS4532-3 350 LA4031P 340 [ NES65A 120 | ZN1034E 200 74937 75
0.5W 202 — aM7 E12 3p o |3242 675 | 6243 200 TMSEOT1 8OO\ [00%2 295 | NES6S 150 | ZN1040F 868 | 14125 o1
W 202—10M E12  6p ap 4027 o5 | 8250 E11) TMS9914 895 | L0400 350 | NES67V 140 | ZNASSSE 935 | saies ‘oo
2% Melal Film 510 — 1M E24°  6p 0P 4116-200n 125 | 8251A 360/ [| Tmsasaz. era a0 | 390 |1 eSSV 18S 74181 90
1% Metal Film- 510~ 1M E24 5p  4p | 4164-150n 200 (8253 10| TMsesas e18 | 7130 300 | NES7I 300 74182 90
] 4416-2 ass |a2ss 400 | TMS9928  £18 3 NE5532 150 74163 90
100+ price applies to Resistors of each type not | 4g16.100ns 100 | 8256AC  £15 | ULN2OGS 78 Cemzol iS00 YiNESsazY 350 74164 110
mixed. 486415 200 |8257.5 400 | UPD7OOZ a0 | LETIZ7 350 | HESS34A 120 74165 90
RESISTORS NETWORK S.1.L. e o oo | woisse  E14| tPast  eo |Rcaize 55 | 7s00 22| 74167 100
1. 6116150 150 | 8271 €45 [ wD1770 €14 | |33) 90 || [Gcassar |55 |loags 22 [REAsIa00
7 Commoned: (8 pins) 1000, 6800, 1K 2k2, 4K7, | 6116L-120 300 | 8272 £4s | wD2143 850 | L7353 90 | saB3208 428 | 7402 221 74179 380
10K, 47K, 100K 18p 6117-100n 575 | 8279 750 | z8ocPu 25 205 | |E338 50 | SaB3271 ass | 7403 25| 74173 100
8 Commoned. (9 pins) 1504, 1800, 2701, 3309, 1K, 6;5;.6 s 5 ngg :gg %gg%r?‘"‘;‘gg LF357 100 | SABa209 295 | 7404 22, ZATRI00
2K2, 4K7, 6KB, 10K, 22K 47K 8 100K  20p. gzeaLn S 550 | Z80ACTC 319 | LF398 495 | SGasoz 205 [ 7499 30| Tanze 80
gSAO £14 =2 e o8P e11 | Lm10 325 | SL490 300 | 7407 38 | 74177 80
B oo gees 5s | Zo0BCPU E11| (M301A 30 | SLe270CD 150 | 7498 25| 74176 120
DIODES BRIOGE 75 SERIES " RO | el F o 50 | [M307 45 | SN76227N 95 | 7409 251 74179 90
RECTIFIERS 6502CPU 325 |8T26A 29 [ 280ADART 800 | | U3oeT 75 | SN76477 380 | 7410 25| 74180 8S
75107/8 booa e [I52r S| S ree| tman 80 | SN76488 525 | 7411 25| 74181 230
75110 90 | gooa L0 ey ZB0DMA 7951 318N 150 | SN76489 a0 | 7412 25| 74182 BS
6504 600 |8T95 90 | zsoapMa e2s | LUSION 130 | D009 ee | 7413 35| 74184 180
;g:;:g 6504 250 550 |BT97N 90 [ 280PIO 250 | eots 48 | SPO25GAL 425 ;ﬂg gg 74185 180
6505 650 | 9602 220 | Z80APIO 315 | g 128 | TA7120 120 (7418 & ;::g? u;l)
;g:gg 6520PIA 175 |9637A 250 1 280 SIO-1 850} |yanss 430 | TA7204 150 7420 25 [ 74182 189
6522A 545 | AM26LS31C 125 LM337 280 | TA7205 80 | vaay Solll calog) o8
75158 8522VIA 340 |AM26LS32A 125 | Zeoasio-z €9 [ [M33T 20 | TA7222 180 | 7432 30|l faios "as
75159 6530 €11 | AM26LS33 150 Niaes 80 | TA7310  120°| 7423 32| 74195 90
75160 6532RRIOT 850 [AM7910 €30 M349 125 | TAABE1A 190 | 7425 32| 74196 83 5
75162 6545RTC 899 |AY-3-1015 300 M358 50 | TAA700 275 | 7426 36 | 74197 85 | S240 75 LS154 120 | (3541 98
75182/4 B551ACIA 850 |AY-5-1013 300 7427 301 74198 190 {5241 375 | 5155 55 | Sg24 155
555Cmos LMa77 210 } TAASOO 395 | 7454 30 [ 74 S244 475
75188/9 £20 [CD4724 150 74199 180 LS156 55 | LS629 120
75322 COM8017 275 | 702 0 | LM379 498 | TAB1042 110 | 7430 22 | 74221 95 | S251 225 | 5.7 43 L5640 150
220 709CBpn 35 (M380 80 [ TAD10O 159 | 7432 29 | 74246 125 | S257 225
76324 275 |D8748 £33 P LS158 48 | LS641 140
710 s0| LM3sIN 175 | TBA120§ 70 |7433 35 | 74247 120 | S258 225
8 75325 00 saeiiflomenan 22511700 - ISOIELMSSINEEN7S)fITEA1 205 220 izase 29 | 74248 1a5 | s260 70 | L3180 60} LS645 195
8 75361/3 850 |DP8303 4go [ 723 19‘; e | e 225 | TBABSOQ 380 |7438 39 | 74249 172 | S263 e1o| L \21 go LS668 87
8 00 670 [DPB304 350 i o | 7440 251 74251 80 |spa7 g00 | L5162 60 |LSee9 &5
5 748C8pin 35| LM386 90 | TCA220 35 4. 85 LS163 80 | LS670 150
8 20 | DS3647 800 ! 1CA: 50 | 744) 74259 140 | 5288 180
7358pin 185 | LM387 200 | TCA2700 350 |744) 65 | 74583 ‘92 LS164 70 | LS673 850
8 880 |DS3691N 350 TCA2B0A 220 5289 200
4 150 |Ds8aLs120 300 | 810 160 | LM3go 160 7443 95| 74265 60 [ S35, 350 | L3165 95 |1S674 850
2ENERS 150 |Dses20 110 | 9400CJ 375 LMaga 85 | TCA940 175 [ 7244 100 | 74273 150 | 3304 3a9 | LSi66 88 |LSe7s 275
S 150 |DsSss30 140 | ADCOB0S 1000 | LM394CH 380 | TCA96s 180 | 7445 100 [ 74276 150 | 3355 229 [ LS168 138 {LS684 300
1N4001/2 5 3 AY-1-1320 225 | LMm558 170 | TDA1004 350 | 7446 100 | 74278 150 S37a  ars | LS169 LSe87 300
1N4003 s 220 yibssasy  Wiasl Il e s Al i ocant saollioAitoe. Bronlsaa 95 | 74579 75 378 [ 1170 120
1N4004/5 6 | Range 2V7 to 375 |0Sesaz 200 | Av-1-5081 180 LM733 85.| TDA1010 220 7448 98 | 74283 110 g;g 325 | L8173 80
m:?ggn 7 3sv dog:ﬂﬁlmh :gg Egggg ggg AY-16720 210 | LMiass 35 [ TDA1022 400 (7450 251 74282 300 | 2470 325 pEizaes
AY-3-1 LM1871 300 | TDA1024 110 74285 310
pSA01gE 20 jRanosa3vsito TN R G O IS ol Eo3 | AR o1 33 [ 74288 o0 |72 239 | Lsiet 190
ING404 16| 33V13 30 [EDIIT1 €15 V38310 390 [M2907 395 | TDAI430 350 | g 25 | 74290 85 | 5475 425 | 3183 186
i IoA08 ) EDOLE | Lo T (3 P, LM2917 300 | TDA2002 325 |7470 48 [ 74293 85 }g577 300 [ L3190 75
pNS208 M9 20 |Foves, £22 | o¥38910 1s0| LM3900 70 | TDA2003 160 |7472 35 [ 74297 185 | 5573 450 [ L9191 55
1544 ® 625 |HD26501 75 TDA2004 230 | 7473 40 | 74208 156 L8192 75
750 [HD4315 250 | AY-38912 430 | LM3BOON 85 7474 36 | 74351 175 Ls193 75
lssen 2 £4 |HD6301 225 | AY:5-1317a €30 [ LM3911 185 | TDA2006 320 7474 48 | 74385 o8 L1194 70
ooy & €30 |HD63A0O3RP70p |AY:5:1350 3681 LM3914 300 | TDA2020 320 7,78 40 | 74366 65 | LS195 60
el 275 [HmeBassp 7ss | CA3011 130 | LM3915 345 | TDA2030 190 |7455 50 | 74367 68 74LS EESETCEEE)
BA/800Y/ 60 350 [iMsa02 380 [CA3012  175| LM3916 300 | TDBO791 420 |74g 175 | 72368 65 L5197 75
3A200v 54 425 |INSBOSON 1250 | CA3014 275 LM13600 110 [ TL170 50 |7482 20 | 74376 117 LS221 65
3A400V 56 A30t 85 LS7220 280 | TL497A 185 | 7483 B5 LS00 22 | LS240 80
950 |MC1488 70 | GA3018 74390 100
BAIOOV 60 995 |MG1480 70 | CA3019 20 M70681 150 | TLSO7 110 (7484 100 | 74393 103 |LSO01 22 | LS241 80O
8A400V 68 MC14411 875 | CA3020 210 M51513L 230 | TLS09 110 ;:gg ‘gg 74426 65 |LS02 22 | [S242 80
8ABOOV 115 | aNso62 MC14412 725 | CA3023 210 M51515L 320 | TLo61CP 40 [7436 170 | 74490 89 t§°3 22 | 135243 80
12A100V 78 | 3Ns064 MC3242  spo | CA3028A  110| M51S16L 475 | TLo62CP 60 | 7499 58 Lsgg ’g LS244 70
12A400V 82 | oNad44 MC3446 250 | CA3035  255] MB3712 200 | TLOB4CN 95 | 7491 65 508 gs Ls245 88
12A800V 136 MG3447P 315 | CA3036  270| MB3756 440 | TLO71CP 40 | 7492 55 LS09 22 | LS2d I8
VAR 16A100v 103 MC3486 226 | CA3043  275| MC1204 250 | TLO726P 70 | 7493 50 (Sto 22 | 15238 1%
GULSLUER 154400v 108 MC3487 225 | CA3045  365]| MC1301 90 | TLO74CN 110 |7494 90 U1t 22 |lisea; oo
J6ABOOV 220 IM6402 350 | CA3046 70| MC1310 135 | TLoB1CP 30 |7495 8% | 7acoaa 150 Lo 2 >
25V500V 220 7496 72 : 2 22 [(s253 70
MCB4s 625 | CA0S9 325 | MC145106 695 | TLos2cP 55 | 1498 176 | 74245180 |1813 30 | Loste o9
BB105B 40 | 25A800v 296 MCeeas 625 | CA3078 215 MClass 50 | TLOBICP 7S |74Y6o 168 | 7acar3180 | U814 s | Loace 20
88106 40 | T2800 125 CA3080E 85| MC1458 35 | TLOB4CN 100 | 74104 88 | 74C374425 [ LS15 22 | 1S258 55
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8p PANEL
SWITCHES DIP SWITCHES VEROBOARD 0.1in Sen+$poors+ IDC CONNECTORS e TS RELAYS
TOGGLE: 2A 250V {SPST) 4 way 85p; 6 way 80p; 8 way 85p; | 2% x3% 95p | LO8 09 FSD
SPST35pDPDP48p 10 way 125p (SPDT) 4 way 190p 2% x5 110p W PCB  Plugs Female Female | o5 46 x 35mm Miniature, enclosed, PCB mount.
SUB-MIN TOGGLE 3% x 3% 110p K 480, with  latch Header Card 050
SPSTon/oft  58p 3% x5 125p | Yeroblock 2800 Pins  Pins  Plug Edge | o106, SINGLE POLE Changeover
SPDT c/over  84p ROTARY SWITCHES 3% x17 420p Eurggraadboard Strt Angle onc! 0-5004A RL-91 205R Coil, 12V DC, (10V5 to
SPDT centre off 85p (Adjustable Stop type) 4% x 17 580p 590p . e O-1mA 19.5V), 10A a1 30V DC or 250V AC  195p
SPDT blased both 1 pole/2 10 12 way, 2 poie/2 t0 6 way; 3 pols/z to VQ Board 195p Bimboard 1 575p 10 way 85p Sp P " P O-5mA
ways 105p 4 way; 4 pole/2 to 3 way 8p | DIP Board  395p | JMOOSICL 16 way 750 73p  80p 0-10mA DOUBLE POLE Changeover, BA 30V
DPDT 6 tags 808 Vero Strlp___ 98p | Supersirio SS7 Z0Wway, LO0PRSASO0PN. 35 IMBSORIN ot soma DC or 250V AC
DPDT centre off 88p '_—vzao PINS per 100 —OOTL‘ 26 way 105p 110p ‘359 320" 0-100mA RL-113 53R Coll, 6V DC{5V4 to 9V9) 180p
DPDT biased both ROTARY: Mains OP 250V 4 Amp on/ot 88P | Single ended  55p SD;E':;Y 33 way :;g: :3?: ‘so: 335: 0-500mA AL8-111 205R Con, 12V DC uow1 o
145 0 way A 19V P
OPOT 3 posttons s 156p | cuttersisop DR CFD BILD AR, 2 =0 PLB114 740R Coi, 24V DC [22V fo
ojon/on  185p |  ROTARY: (Make-a-switch) Wire wrape D/E288p | Pin Insertion 60lway  186p] 210p};2250 P | o2sv 31V 200p
4-pole 2 way 2209 Make a multiway switch Shafting assembly —~7eRaWiRING PEN| '°0 P 50V
has adjustable stop. Accommodates up to VERO WIRING FERRIC CHLORIDE 0-300V AC 520p
SLIDE 250V: 6 waters (max 6 pole/12 way + DP swilch). Pen +'Spool  380p 1 ib bag Anhydrous
OROTTA 14p [ Mechanism onty 90P | Spare spool  7sp [ 1250 + 500 pdp EURO CONNECTORS ASTEC UHF MODULATORS
CROInEC s Combs 8p Lo gy Gold Flashed Fomale Socket Msls  Plug Standard 6MH2z
DPDT %A 13p Pen + Spools + RESIST PEN Comtacts Sin . Asgle Sm  Angie RYSTALS | Wideband 8MHz 5509
WAFERS: (make betfore break) to fit the above it 599p | Plussparetio 100p Pre Pra P Pins (o]
PUSHBUTTON 8A switch mechanism. 1 poie/12 way, 2 pole/6 |—2003 — TOPPER CLAD BOARDS DIN41617
with 10mm Button way, 3 pole/d way, 4 pole/3 way, 6p/2 Way 85p 3t way 125p — — 175p | 32.768KHz 100
SPDT latching 150p Mains DP 4A Switch to fit 45p o single  DST6 DIN41812 100KHz 400 BUZZERS
DPDT latching 200p Spacers 4p. Screen 8p. 0 e ng:- ouble 2x32A+8 200p — 175p185p | 200KHz 370 miniature, solid-sfate 6V.9V8 12V 70p
DPDT moment 200p s"" :3; :‘ggp !:'ngg DINA1612 .1::‘5 ":(N g:g
"y 12" 2x32A+C 225p — 185p210p - ] PIEZO TRANSOUCERS PB2720  70p
Minl Non Locking ROCKER SWITCHES 8" x12" 175p 225p e DINA1612 3 x 32 1.008M 278
Push to Make  15p ROCKER: 5A/250V SPST 28p i A+B+C 280p 200p 205p 300p | 128MHz 450
Push to Break 25p ROCKER: 10A/250V gggT . ggp DIL SOCKETS e :gm:i :2(5)
ROCKER: 10A/250V T c/of P " BEERL K
DIGITAST Switch ROCKER: 10A/250V DPST with neon  85p Low Wire | zway 5 DLiELUSIHesdsn riBBON CABLE | 12432M 20 Miniakggala’iPEAKERS
Assgr;«:d'ig“oum 8pin  8p 25p g::: :3 i 1:‘5’: 14 pin 40p 95p price per foot 2:357st 200 | 2in, 3%in, 2%in. 3in 80p
THUMBWHEEL Minl front mounting switches 1apn  10p 35p | 218 way 175p 160p ;g o ;gﬂ :gg: Grey Color | 3'12MHz 240 | 2%in 400, 640 or B0 zgn
Decade Switch Module 275p 16pin  10p 42p | 3,57 way 200p 170p p © 3.278M 150 | 67 x 4" 8 P
B.C.D. Switch Module 298p 18pin 18P 520 | 03 way 150p — 28 pin 150p ’ggl’ 10way 18p 28p | 35704pm 95 | 77 x5 80 225p
Mounting Cheeks (per pair) 750 20 pin  20P BOD | 5:25 way 250p24sp | 40 Pin 200p 258p | 16 way 25p 40P | 3ggaam 300 | 8" x 5" 8a 250p
Z2pin 220 850 | 2.8 vay 1s0p oy ‘3‘3: :g: 40MHz 140
24 pin  25p TOp 280p — way 4.032MH 200
JUMPER LEADS (Ribbon Cable Assembly) 28pin  28p 80P | sesa ey 2008 — ZIF TEXTOOL |28 way 58p 80p | 4voongn 290 MONITORS
GAS/SMOKE Length 14 pin 16 pin 24 pin 40 pin 2000 30p 90D | 2xdoway azop — DIL SOCKETS 34wy 805 856 | LA33SV0M  vo0
Slngle ended DIP {Header Plug) Jumper 2x43 way 400p — . way) pop: P | 4.608MHZ 200 ~ qgp _
DETECTORS | 24 inches 145p 185p 240p 380p 275 way 8005 — 23 ek £50p| 50 way 1000 1359 | Jaomn; 20| ® ZENITH — 12" Green, Hi ,
Doubte ended DIP (Header Plug) Jumper x % o g:: aoo: 64 way P P | 5.0MHz 180 Resolution Popular £70
TGS812 or 12 inches 198p 215p 315p 480p SIL SOCKET 0.1” Pitch 20 way P g;ig?;g :% ® MICROVITEC 1431. Standard
24 inch 210p 235p 345p 540p s "
gTaG.S;?gh 36 ::f:n?s zoo: 31o: 4eo: 525p ANTEX SOLOERING IRONS ‘D’ CO?NE&TOILS 5 6.0MHz 140 Re"s.. Colour RGB input
Holders tor IDC Female Header Socke! Jumper Leads 36 Cisw 800p; CS17W 620p S5 o B owl 5.;44MN.: ‘2;‘; 14" incl cable £179
bove 40, 20pin 26 pin 34 pm 40 pin Cl18wW 820p; XS25W 850p - Y Y 6»0-;‘3:’4 z 125 | @ microviTEC 1451 14"
@ o Single ended  180p 200p 260p 300p Spare Bits 85p; Elements  230p Maiep S50 805 N2 [is0R) Lozl z : L 234
Double ended 200p 370p 480p 525p fron Stand 175p; Heat Shunt  30p qu]:’pl‘:gs 1109v ‘7599 225: 300p ;.;ggamxu ;;0 Medium resolution
VOLTAGE REGULATORS SOLDERCON PINS | PCBpins  100p 100p 160p 250p | 7.88MH:z 200 | @ KAGA 12°. Medres RGB
1A TO220 Plastic Casing Ideal for making SiL Female 8.0MHx 140 Colour. Has flicker-free charac-
TRANSFORMERS +ve ~ve or DIL Sockets Soideriuog 1’&9» ;3,3: ;3: gzg: gvgggggi‘hﬂ 32: ters. Ideal for BBC, Apple, VIC,
BV, 12012V, 15015V ¢ @ 5V 7805 45p 7905 50p 100 pins 45p ngle pins y
oo il (R 12V 7812 45p 7908 50p 500 pins 1956 | PCBpins 100p 125p 195p 3589 | 9.00MHz 3,7,3 etc £225 (car £7)
10.0MHz ® KAGA 12" As above but
PCB mounting. Miniature, Split bobbin 15V 7815 45p 7912 50p
VA ZXOVIOZSA. 2XV/0ASA Z12V/012A: fevpyreis S (asp 1918 gg: Covers 75p 70p 7T0p 85p :82:;:&«1 200 Hi-Resolutlon  £310 (car £7)
P 'y i "
2x15V/0.2A 235p 7024 s0p ALUM BOXES IDC 25 way ‘D' Plug 385p, Socket 450p | 107MHz 150 | @ Connecting Lead for KAGA
OVA: 2x6V/O5A  2xOV/03A; 2x12V/0.25A; J 10T 150
2x15V/0.2A 280p 100mA TO92 Plastic package 3x2x1 85p X z £3
) SV 78LO5 30p 79LOS  4Sp 4x2%x 100p 12.528M 300 ) )
StandardiSolitiBobbin)types 6V 78LO6 30p  — ~ 4x2%x2%" 103p 25 way ‘D' CONNECTOR (RS232) | 1431814M 170 | Carriage £7 Securicor
VT o ovosh StV 8V 78L08 30p  — — 4xax2”  105p Jumpe Lead Cable Assembly 15.0MHz 155 _
X 4x2%" 1204 18" H . Mal 75p | 16.0MHz 200
TAVA: a0V 145, 218010 2x0WI08A 21121 \5v Toits s 7oLis  4se Sxaxim '30p | 15-lons. Sinte ond Peomale S10p | 18.0MHz i%| BT TELEPHONE
054 2x15V-04A; 2x20V/03A 345p @sppde) | 15V 245p  TAASSD S0p | 5xax24” 120p | 36" long, Double Ended, M/M 998p | 18432M 150 CONNECTOR
2vIapov s ar2xovitzai2x I 2vivAg e 1SY/ IS o) 378p  TDA1412 150p | 5x2%x1%" 90p | 36" long, Double Ended, F/F €10 | 19.988MHz 150
B2 X20V/0 64 oo BOR (60P D&D) | B g8 160p  78HOS+5V/5VS50p | 5x 2% x2%° 130p | 36" long. Double Ended, M/F 998p | 20.0MHz 150
SOVA 2BV/AN 2OV/26A 2X1 2V KSVITSA | (0anok  135p  7BH124+12VI5A 120p 24.0MHz 150 [ LIU1/4A  Mini Line Master  435p
22ON/E2 M2 X2 SV/TAI2XI0V/0.8415200(000/p8R) 605p 150p 24930MHz 325 | LIU1/8A  Mini Line Slave  295p
50VA: Qutputs +5V/SA +12V, +26V, =6V, | | 317k 250p  7BHG+5Vto+25V/5V 180p AMPHENOL CONNECTORS 26.69M 150 | LIU 2/4A  Line Master 3700
—12Vat1A 620p (60D 0d0) | |M317KkP  4S0p  5A 550p 210p 10C SOLDER | 27.648M 170 | LIU2/8A  Line Stave 250p
100VA: 2x12V/4A  2x16V/3A,  2x20V/2.5A LM323K 450p  79HG-5V to-24V/5A 240p | 24 way IEEE plug 468p 480p | 27.145M 180 | LJU 3/4A  Fiush Master 370p
2x26V/2A, 2x30V/1.5A; 2x50V/1A  955p (T50) | (w337 175p 785p 275p | 24 way IEEE skt 485p 480p | 3B.666TM 240 | LIV 3/BA  Flush Slave 240p
P&P charge to be added over and above our nor LM723 Var 30p 280p 36 way Cantronics plug 375p  390p 48.0MH2 240 | LJU 10/3A Dual Splitter 550p
maf postal charge 78540 2250 12xBx3"  285p | 36 way Centronics skt 480p 450p | 100.0MHz 298 4 WAYBT Piug 85p
SR T R Turneo pin | SPECIAL OFFER
4000 20 | 4077 25 | 4543 380 | g ECTRONICS Low Profile ” — The only professional Disc
4001 20, | 2078 o e Professiona) Interface for the Spectrum Micro.
4002 20 ggg; gg :ggg !gg Ve et . anL SOCKETS 205 s
pi R
i Blee wiue 2iume.  #| 15727642500 2009 1950 | gPEC|AL OFFER THIS
V06, 80 | 4086 60 | 4557 2 pin 1
4089 120 | 4558 120 | TIL212 Yel 14 18 pin 35p b n 300 295
9 BlE RIER (I 1| B 271282500 P 25|  MONTH for ONLY £75
4094 70 | 4560 110 | 2" Green. Yellow or pin P
28}; §8 4095 70 | 4561 104 | Amber 14 24 pin 45p|6116LP-3 185p 150p
2013 30 | 4096 100 | 4562 350 | 0.2” Bi colour 28 p;n ggv
Aotal Jsofljjsosy 1260 faseel | teciyfedicioss | ta0e i) #omin P|6264LP-150nS  400p 395p
. a0 | 4098 70 | 4568 2 ] !
4099 110 | as69 175 | 0.2 Tel colour c c 0
) Sl =l s e COMPUTER CORNER BBC MICR
4161 98 | 4580 255 | Hi-Brigh
i1o 3 4162 8 |aser s |WahBrGreenor | e EPSON FX60 Prnter caso WORDPROCESSING
4020 50 | 4163 96 | 4582 opfjYe ® EPSON FX100 Printer 429
4021 55 4174 O [Ty (e 55 | ® EPSONLX80 Printer £220 PACKAGE
& | 4175 105 | 4584 40 | O %
4022 o P 105 | as8s 85 | Sauare LEDs. Reg. ® CENTRONICS(NLQ) Punter
:ggg 20 | 4a0s 850 | 4597 330 | Green, Yellow 30 ® KAGA/TAXAN KP810 Printer €229 A complete wordprocessing package (which can be
4025 20 | 4409 850 | 4599 155 | Rectangle Stackable ® KAGA/TAXAN KP910 Printer £330 heavily modified to your requirements, maintalning large
4026 20 :::“7 ;gg :ggg? :g ealreen Snyeliow 18 ® BROTHERHR1S Daisywheel £228 discount). We supply everything you need to get a BBC
paoer 30 |4a12 o5 | sc0es a2 Trlanguisr LEDs Cable for above printers 1o interface with BBC Micro €7 Micro running as a word-processor. Plesse call in for a
4415 590 40100 215 e 3
2g§g ‘;3 4419 280 { 40101 130 [ Green or yetlow 22 ® TEXEPROMERASER — Erases up to 25 Eproms Has 2 built i Example Package:
4031 125 | 4422 770 | 40102 gaciiftDar fiotelRed ol safety switch £30 BBC Micro, with DFS Interface, Wordwise, Twin 800K
4032 asbadds, - esoptiaofosy anaffiShis2ecibetecton1 18 ® SPARE UV Lamp Buib €8 Disc Drives, 12" High-res green monitor. Brother
4033 130 [ 4440 900 | 40104 120 TL78 Detector 35 ® C12Computer CASSETTES in Library cases 32p HR15 Daisywheel printer, Beebcalc & Database software
4034 145 ::g? 550 1eoios 20 | T3 50 ® 8% & 9% Fan Fold paper{1000 sheets) £7 (Carr. 150p} on Disc, 10 3M Discs, 500 sheets of paper, 4way malns
:ggg 2;8 4490 450 | 40107 ss T"-‘°° trailing socket. manuals and all cables.
4037 11s | 4500 395 [ 40108 325 | BARGRAPH. Red 10 |Securicor.Carriage charge on printers Is £7) .
4038 75 | 4501 40 | 40109 100 | segments 275 on|y_ £ggg
4039 270 | 4502 50 [jSoniof " 295 ISCUATORS CALLIN ATOURSHOPFORA DEMONSTRATION ON ANY OF THE ABOVE
4040 asliigoos To [l Tagh itz s ITEMS, BE SATISFIED BEFORE YOU BUY OR WRITE IN FOR OUR
o %5 | asos 350 | 40163 75 | ILD74 145 DESCRIPTIVE MICRO PERIPHERALS LEAFLET.
o LR A BN BB N e 1/,99 RIVES
4507 a5 | 40174 75
pree R e iR RSy SYs” D . BBC & MICROCOMPUTER
4510 55 | 40181 22
:g:? gg 4511 55 | 40182 80 | 4N33 Photo fOl’ the BBC MICI’O & ACC ESSORIES
4048 50 | 4512 55 | 40192 75 | Darlington 138 _ )
4049 25 | 4513 L (o | les smaniDisniays (All Drives are supplied cased with
:gg? gg 3os Ll [B s 1It§1§ ;3; Sé }28 Power Supply and Utilities Disc BBC Model B Only £299
sz o 2o a7e | 4oeas Yoo | T3z 3Gk 140 ®  CS200 — Epson Single 200K, 40 track Double sided esd We stock the full range of BBC Micro peripherals,
4054 70 | 4518 50 | 40257 196 | TIL322 5" CC 140 Hardware & Software like, Disc Drives (Top quality
e 10 | 352 S| B |obeare 11 . CS4005i= MitsublshilSingle 400K|Douslelsided = Epson & Mitsubishi), Diskettes, Printers, printer,
50 | 40374 2 , , !
08 1000 as0 170 | 45106 Sas |Di7o? 3 CA 123 ° c;:){)%o "aEc:Z:':u:TTgoK 40 track. Double sided Paper, Interface Cable, Dust Covers, Cassette
4059, 400 | 4522 122 oPTO Fnbooe @ 13 ° ) £145 Recorder & Cassettes, Monitors, Connectors(Ready
:gg? 533 4527 80 | OCP71 120 (3" GreenCA 150 ®  CDBOOS — Mitsubishi dua! 800K, Double sided 40/80 track swilchable made Cables, Plugs & Sockets), Plotter (Graphic
4062 988 | 4528 45 [ ORP12 85 SI 2’?9; gAm 3;3 €179 Tablet) EPROM Programmer, Lightpen Kit, Joys-
4063 20 :ggg gg ?3:55’ 223 3%t Gr:enCA 150 ® TWIN Disc drive case with Power supply ticks, Sideways ROM Board, EPROM Eraser,
ioer 230 | 4531 120 | BPw21 320 | LCD 3% Digits 496 200 goes 1o house youdownIdives ; £oS Machinecode ROM. The highly sophisticated Wat-
4068 20 | 4532 85 [ TIL139 225 tggg ggg;:s ggg ® Al Single Drives with Power supply are supplied in a twin case for later ford's 16K BEEB DFS, WORDWISE, BEEB-CALC,
4534 385 ighs - IWIS
“or0 2 4536 250 feflectvelSWiichags inelusion of 3 “j‘;ﬁ,‘iff,‘c’; Carriage on Drives £7) Software (Educational Application & Games),
SLOTTED Opteal ;
4071 20 :-’;gg o Switch smilar 1o RS ® DISC INTERFACE KIT complete £59 BOOKs, etc, etc, Please send SAE for our descrip
:gg ;8 4541 95 Comp’'s 205 ® DFS Manusl (comprehensive) (NO VAT) €7 tive leaflet.
J
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Rap ’d g;;:tl-':;rm Industrial Estate
*Electronics ExiedSocrest

Telephone orders: 0206 36412
Telex: 987756

LINEAR S R 85  ML924 200  SL486 240 TLOB4 90 BREADBOARDS CAPACITORS
LF347 % Lm3s7

90  ML925 290  SL4g0 280  TL170 50

555 CMOS 55 LF351 40 LM393 45 ML926 278 SN78477 380 TL170 50 Protobloc breadboards are extremely Mint polyester 83V DC type

556 CMOS 180  LF353 70 (M710 48 M(927 278 SPO256AL2 425 ULN2000D 80 usetul for quick construction of 1n. 2n2, 4n7. 10n, 22n. 5p; 47

709 3 LF3sB % M7 48 ML928 275 Dawmonsbove 50  ULN2004 80 slectronic circults without 100n. 6p; 220n, 3p; 470n. 13p.

741 16 LM301A 30 LM72s 270 ML929 276 TBABOO 70 ULN2803 130 soldering. All sockets are on a Electrolytic. Radial head type

748 35 LMatt 45 LM7ay 16 NES31 135 TBAS1O 85  XR2206 395 2.54mm pitch enabling DIL u, 202, 4u7 @ 63V Sp; 100u, 22u @
AY-3-8910 390  LM318 190 LM747 60  NESS5 20 TBAB2OM 60 ZNat4 75 circults and a wide range of & > 25V Bp: 47u 25V 7p: 100u 25V 8p;
AY-3-8912 430  LM324 40 LM4se 35 NES5S56 45 TCA940 85 ZN423 100 components 1o be plugged 220u 25V 13p, 470U 16V 14p;
CA3046 80 LM334Z 1] LM2917 170 NESE5 95 TDA1022 270 ZN424 70 in lo the board. The contact patiern contains two separate contact groups each of 1000u 16V 20p; 1000u 25V 30p;
CA3080E 65 LM3352 130 LM3909 85 NES66 5 TLOBY 40 ZN425E M0 rows of 5 Intarconnecied contact sockets. Bus sinps are provised for power use 2200u 16V 34p; 2200u 25V 42p.
CAJ130E 78 LM339 40 LM3914 180 NES87 100 TLO62 65 ZN426E 200 All contact pasitions are clearly marked on an alphanumeric gnd. Supplied

CA3140E 38 LM348 60 LM3815 190 NES70 230 TLOB4 05 ZNA27E 580 complete with approx. 20 layout sheets. Two sizes are available: Tantalum bead

%ASZAOE 100 LM358 40 LM13600 100 NEST1 195 TLO7Y 32 ZN428E 435 e 0.1y, 0.47u, 1y 3G 35V %9. 2”225'\:
ICL7106 880 LM377 210 MC3302 75 NE5532 180 TLO72 55 ZN435E 380 I i 25V 8p; 4u7 @ 25V 8p: 10u &
ICL781¢ 100 LM380 80 MC3340 130 NES5534 105 TLO74 108 ZN448E 826 ety Hth RS A pin devices P 14p; 22u @ 16V 18p; 47U @ 16V 40p.
ICLB038 395 Lmast 130 MFI0CN 330  RC4136 85  TLOB1 28 ZNas9 190 8omm 80mm 390 28 K 295p Ceramic disc 50V

ICLB211A 200 LM3B2 130 ML922 nti RC4558 45 TLO82 46 ZN1034E 190 172mm 65mm 840 64 % 695p 100p-10n 3p each: 100n 25V 8p.

wcro B i I ) d o coVECToRS

BC214L 10 BO13! MPE102 40 TIP42A 45 ZN2904A 28
_ BC237 5§  BD132 MPSA12 20 TIP120 60  2N2005 28 6116LP3 150 6800 600 6551 540 PCB PCB

BC238  §  BO139 TIP29A 35 TIP121 80 2N2s0sA 28 | 2716 310 6264LP1s 320 6810 140 8085A 320 piug plug Edge
AC127 30 BC148 10 8Ca27 [ BD140 TIP28C 35 TIP122 60 2N2907 24 2532 380 4164-15 160 6821 140 8156 380 st mang. sk conn
AC128 30  BC168C 10  BC328 8  BF180 TIP30A 38 TIP2955 70 2N2007A 24 [ 2732 0nelme T o 2s0 360 8251 350 {6way 80 85 90 —
ACI76 28 BCI7t 10 BC337 8  BF2448 TP30C 40 TIP3055 80  2N2eze 1o || Programmable, . ZBOACRU 270 6830 15 B 300 2oway 0 5 0 -
ACi87 25  BC178 18  BC338 14  BF337 TIP31A 35 VNIOKM 85  2N3053 26 | z7a2 ;0 Zmoacic a0 cars 500 825% w00 § 2wy 10 110 106 -
AC188 25  BCI79 18 BCA77 22 BFR8O TIP3IC 40 VNBAF 94 2N3054 85 | 2784-250 240 280A IO 7oa 100 MCiass 60 0 34wsy 120 130 130 188
8C107 10  BCi82 10  BCA78 22  BFX85 TIP32A 36 VNS6AF 110 2N3055 S0 [ 2764-BBC 240  Z80AOMA pered 376 MC1489 60 . WOway 140 180 145 —

BC108 10 BC183 10 BCS17 30 BFY50 TIP33A &5 ZTX109 H 2N3703 10
BC108C 12 BC183L 10 BCS47 5 BFY51 TIP33C 78 ZTX300 14 2N3704 9
BC109 10 BC184 10 B8C548 5 BFY52 TIP34A 70 ZTX500 13 2N3705 10
BC109C 12 BC184L 10 BC548 10 BRY39 TtP34C 80 2ZTX502 18 2N3773 196

!%m.,,

Wa offer a comprehansive range of 1

40
40
a8
as
35
35
35
23
30
BC107B 12 BC182L 10 BC479 22 BFX88 30 TIP32C 40 VNEBAF 120 2N3702 9
26
25
27
80
30
170
99
80

BC140 29 BC212 10 BCsS7 5 BSYS5A TIP35A 106 2N2221A 25 2N3819 32 § PP3battery clips o) Il Emant "
BC141 30  BC212L 10  BCSS8 5 BU20B TIP35C 125 2N2222A 20 2N3886 90 W Red or biack crogodile clips [ Ul
Expo Rellant 12V PCE arill 676
BCl42 28 BC213 10  BCY70 18 MJ2855 TIP3A 115 2N2369 18 2N3904 10§ Parr witrasonic tansducers 396 xpO Alelias
Expo Titan 12V PCB oril 1040 Piain tlbre giass board
BC143 30 8C213L 10 BCY71 18 MJE 340 TIP36C 130 2N2846 60 2N3806 10 20mm panel fuseholder 28 Ddﬂ" l'd i 1280 g ol SoUE
BC147 10 8C214 10 BCY72 18 MJE3085 70 TIP41A 45 2N2904 28 2N5457 6 or 12V electronic buzzer (1] standltolsdiy single u
86mm 8 ohm min. spoaker 70 Variable speed power supply 1440 s‘aad sided
@6mm 64 ohm min. speaker 75 0.8, 1.0 or 1. 4mm drilis 80 100 x 180mm
RESISTOR N 12 way ‘chocolate bioc 21 Pholo-etch PCB (Protessional quality) :gg 4 ;5220 uo 1;2
singie doubdle x
— S COMPO ENT KlTS Red or amber panal neon 8 lldgd e 503 x 308 200 e
arbon film 701
O 1t kits oM iderani i hen buyls ompiat @ of 100 x 160mm 180 200 Etch resist pen D
1/4W % 4.7ohm-104 §° 10 W Companens. daslly suied fo 1o socking sice T o 108 = 2334x220mm 560 840 Ful range of PCB ransfers aiso avallablo
:a/m 'Sn,r: 7onm: P 0.25W Raaistor ki, Contalns 1000 0.25W 5% resistors from 4.70hme thru 10 10M. N 305 x 457mm 1180 1320 o6 catalogue
174W 1% 100hm-1M ap Quantities depend upon popularity .. 10X10r, 30X470r, 30X 10K, 25X470K,  Juat £7.90
SiL resistor networks Ceramic capachor kh. Total of 240 minlature Ceramic capacitors from 22pF thru to VERO RIBBON CABLE
8 resistor § pin type 20p 0.1uF. Just £6.80 each tg: C::: mlﬁ:r Ct‘l:gr! 180 Veroboud Size o 1n matrlx Grey pertoot  100M reel
ter capacitor kit. Total of 110 miniature polyester capacitors from 0.01u to oA EE 2.5 25x3.75 o8 | 10way 1 650
Juet £6.90 each E:C"; ‘:Zn"j"": [Rpreset i $rees 1 a7eair a0 | 16wy 2 1050
Radial electolytic kit. Total of 93 miniature radial electrolytics from 1y 63V thry o 2200u Profsiyeiucpveinavasseen eimiar 475x17 495 VOboard 190 | 20way 28 1310
tools advertised at £5111 26 38 1720
Ry 29 22700, bt 16V Just £7.50 each Bib wire stripper 180 Veropins per 100 % W:Y 58 1080
TRZ00Y » aarancy 45 ) ereastit Totat of 110 minlature horlzontal mounting prosets from 100R thru to 1M, Just £ Automatic wire stipper 560 sngle sided 86 double sided 66 | g way s
1A 8OOV 38 6A 400V o R Light duty cuttors 380 Spot face cutter 180 50 way %0
f
ABLES AECULTOS ELAYS SOCKETS NEW CATALOGUE
78L08 30 LMadeK 880
Uliraminiature SPDT rolay rated 2A
:zb’:::((;;::::v::‘lq;tzt;: connec;mg 77%‘[15 §3 ;ﬁ’ég ;g or1 Low Wire Our new lully fllustrated B4 page catalogue is now
Speaker cable 10p/M 7808 0 79012 50 Urainiature DPDT relay rated 2A protile wiap | availabie. Contains over 3400 stock lines at the
Standard screenad 18p/M 7812 45 79L16 80 8ori2v 180 8pin 4p 28p most competitive prices In the market, We now sell
Twin screened 24p/M 7815 45 7905 45 Miniature relay SPDT rated 10A 14 pin 7p more components that all the other mail order
3 core 2.5A mains cable 23p/M LM3I7K 230 7812 48 §or12v 160 18 pin op companies put together) When you have our new
Four core screensd 38p/M LM317T 00 7915 45 Mnuature relay DPDT rated A 18 pin e calalogus it's easy to see why! Price jusi €1 -
LM323K 420 ,  78HOS 850 or12v 20 pin 10p Including postage {includes €1 discount voucher) or -
;’:’ 5" ::: free with orders over £20 in vaiue. Send tor your e
] now!
[ OPTO | S DIODES AUDIO CONNECTORS N IR M
40 pin 18
o o 1| ey s mew k™ L AVAILABLE NOW
Y sonped OA47 10 1N4002 5 2pin 8 8 25mm 10
3 or Smm groen “ QA0 8 1N4008 7 3pin 13 13 35mm 10 n
Jorsmmyeliow 13 T | 0A91 7 INs401 12 Spn 14 13 251 17 20
3 or Smm clips 3 OA200 s IN5404 1 Phono 10 14 Stwerso 28 28 1813 28 LSa7 60  LS85 80 Ls157 35 L8192 58 LS273 86
omm superbnght 30 TIL32 40 N Raioe 0 LS00 LS14 35 1848 85 LS9 78 LS158 38 LS195 55 (S279 80
mm tricolour 30 TIL3E 35 03202 d 54 4mm plugs and sockets red or dlack LS15 20 LS7 33 S22 45 LS181 55 LS221 70 LS283 60
1LD74 o5 Tze ao [k INOIA 4 cOmWzenes 8 Plugs 12 Socksts LS00 18 LS20 20 LS74 25 LS120 48 LS183 88 LS20 &6 LS8 40
La7e s moo 75 TN -y _‘1’“’“ torminals 36 501 0 LS2) 20 Ls75 30 LS125 38 LS164 55 LS241 80  LS3eE 40
MOC3020 180 ORPI2 85 LS02 20 1S26 20 Ls78 0 Lsize 3 uSies @8 LSz 60 Lsder 4o
INEC TOR LS04 18 LS27 20 LS8 28 LS132 45 LS170 100 LS244 85 LS37T3 8
g cuinoce.  tesTINA e Oyay 1Swey 2way O wey | Wy BieckASSwin | USOs 20 LS 20 (S83 48 (5138 98 LS173 45 sy 88 LSI4 60
O O on anode or cathodd 100 n'f%:g:g’,;é‘g‘;lug BN lid and screws 1508 20 LS32 20 LS85 S Lsies e Lste 48 lswr @ Lsws 40
w 2 537 20 LS8 22 LS148 100 LS175 45 (S251 45 L3390 58
056n common anodo o cathodo 105§ Socketsolderlugs 45 50 65 120 JEXs5x22mm sof 1300 20 (S o ise 75 (St 95 USio 0 iSzr 45 isao 88
10 vat DIL LED array (20pin DIL} ranglefiCElsN R RSSOl 200 (380 IS XTANSA o3 b (s 20 (540 20 S92 38 LS54 120 LSIe1 55 LS259 70 LSSl 98
High efticiency red 140 g Covel JONIE0r R0 8 180X90CsS 1508 (52 20 (Se2 35 LS93 30 LSI55 45 LSte2 86 L8266 32 LS670 110
LS = 4012 15 4025 18 4048 48 4070 2 40106 35 4526 45
witewrap - SWITCHES . CMOS INH 20 4028 90 4047 50 4071 18 4502 50 4528 0
sy 5.008MHz ‘“ NG 4015 40 4027 22 4049 23 4072 18 4507 a5 4532 50
TMHZ 75 6.0MHz o Low cost DIL awitch N 4000 15 4018 20 4028 35 4050 23 4073 18 4508 95 4538 40
JO0EM) AT O et i 4wy 8 pin 0 4001 15 4017 35 4029 40 4051 45 4076 50 4510 48 4543 4
180 8,0MMz 88 o
nopul - U8 msnay e Bway12pm 80 doz 18 401 40 400 20 dosz 45 A0 30 a1t S0 4353 218
: 8way 18 pin 90 4001 40 402 40 404 40 4080 4 4081 4514 85 4555 s
CONNECTORS 24578 85 12.0MHz 85 J 4007 18 4022 40 4042 30 4066 25 4082 15 4516 45 4586 s
2XB1 23 way edge connector 21 e Sothicy SOl Subminitoggielswitchoy 4008 25 4023 15 4043 45 4068 18 4093 22 4518 45 4584 38
way edg 4.0MRz 90 18.0MHz SPST &  SPDT 80  OPDT 88 4011 15 4024 30 4044 45 4069 15 4098 80 4520 45 4585 80

Specirum 28 way edge conn y
24 way IEEE male 3 Mmiature toggle
SPOT 60

36 way Centronix maie
SOLDERING IRONS

SPOT cenire off 85
DPDT 70 DPDT centre oft 78

7408 28 7430 28 7448 80 7478 40 7495 60 74163 80
POTENTIOMETERS — 5“’“’“"’ toggle 7413 B 7432 30 7450 29 7483 48 7496 B0 74175 80
M2 3 ql i.‘ . 38 DPOT 48 7414 48 7433 38 7451 28 7485 80 7497 150 74177 80

:nolv ZOI:S&V‘;DJ?S 7o — - Minlature push o make 18 7418 38 7437 30 7453 20 7488 3B 74120 40 74190 70
Sriches oo vz o8 | oo o | tian s ui s e W o 2t # ooe @ g b gl
S s, 73 | Arven %5 26w s ron 0§ sico swicnes opOT 7421 80 7442 70 7472 35 7491 70 74150 135 74193 70
Mighororessto 100N Al b ek aG % Mintawre 14 Standard, 16 7422 28 7444 105 7473 35 7492 55 74154 138 74194 7§
ga"ﬁ:f"‘:'e': ek onere. SOOR b4 10 metres 22 swg soider 7 7427 30 7446 130 7474 385 7498 46 74157 70 74195 78

0.5Kg reel 22 swq soider 750

-

The Ra ’d Guaran tee ORDERING INFO. All components brand new and to full spec
All prices exclude VAT — piease add 1o lotal order. Plaase add
T0p camngt 10 all orders under £20 In value. Minimum order

* Same day de spatch x Lowest prices G e ok page caaan g s i ocars vy 50

Tekephone orders welcome with Access or Visa. Official orders.

walcome from colleges, schools. public companies, sic. Export

* Brand new components x In-depth stocks Bt VAT bt e e ez aymariy g
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DIGEST

Thandar Competition Results

T he competition in our Nov-
ember 1985 issue drew alarge
number of entries — not surpris-
ing, perhaps, when you consider
that the prizes were three Than-
dar frequency counters and that
the competition was very simple
toenter. Allthatwas required was
a single word answer to each of
seven doggerel rhymes, the con-
struction of a certain word from
the initial letters of the answers,
and the completion of the phrase
“| would like a Thandar fre-
quency meter because . . " in
twelve words or less.

Almost everyone who entered
correctly answered the seven
doggerel rhymes, and eventhose
who made the odd mistake or
twowereusuallysuccessfulinthe
second section, identifying the
seven letter word made up from
the initial letters of the answers,
The word, of course, was

Thandar!

That left the tie-breaker, the
completion of the twelve-word
phrase. It quickly became clear
that most of our readers have
noted the appalling standard of
ourpunsandare notabovetrying
to outdo us. just about every
possible pun on the words count
and counter appeared, with some
people managing to cram two,
three or even four puns into the
twelve words.

Some of these were simply too
tortuous to read, but among the
better examples was that pro-
duced by Robert Marsh of Wis-
bey, Bradford, who said that he
would like one of the prizes
because’l frequently metertime
when | could count on one (That
hertz!)’. Also worthy of an hon-
ourable mention is the solution
submitted by Mike Salem of Lon-
don NW1,whosuggestedthathe

could be ‘.

. using Thandar and
hghtnenmg my workload'!

There were plenty of others in
much the same vein, but we

eventually opted for the
elegance and simplicity of the
answer, ‘| would like a Thandar
frequency meter because | could
countonit!’. Thiswas sentin by C.
Brook of 10, Stratford Road,
Neston, South Wirral, who wins
our first prize, a Thandar TF600
600 MHz frequency ccunter.
Among those who eschewed
puns was john Crosby of St
Helier, Jersey. He chose to mirror
the doggerel rhyme forminwhich
the questions were phrased and
came up with: ‘Doggerel ditties
you initially pitched, give me a
counter, digitally switched.” We
were also quite taken with the
entry submitted by Andrew Bridg-
land of Hassocks, West Sussex,
who said that he would like a

Thandar meter because ‘they
have a nice, digitally-accurate
readout’. The initial tetters of this
answer, you will note, form the
word Thandar.

In the end, however, we selec-
ted two entries which we felt
stood out from the mass of letters
asbeing particularly differentand
memorable. P.T. Eganof 36 Epsom
Road, Guildford, Surrey, wants a
Thandar frequency meter be-
cause, as he tells us, ‘It don’t "arf
doyourfingersin, usinganabacus
at 1GHz. Similarly, few of the
entries could match the simplicity
and directness of that submitted
by Karen Holloway of 49 Nether
Street, Beeston, Nottinghamshire.
‘| would like a Thandar frequency
meter, she said,’becuasel liketo
know I'm right!’. These two read-
erswill both be receiving Thandar
PFM 200A 200MHz frequency
counters,

From

E pson have developed a range
of transparent, touch sensi-
tive films which can be placed
over LCD modules to provide a
simple and direct means of enter-
ing information.

The Touch Key overlay comesin
two different forms, an X/Y matrix
version for applications requiring
modest resolution and an
analogue-to-digital conversion
type for applications requiring
higher resolution.

The X/Y type consists of two
layers of transparent, conductive
electrodes arranged as a series of
stripes and laid one across the
otheron a glass film panel. Finger
pressure at a given point causes
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Touch Key Overlays

Epson

the upper and lower electrodes
to make contactandso entersthe
required information. This type is
available now.

The ADC type also consists ofa
series of conductive, transparent
stripes but has a uniform resistor
block set at right angles to these
stripes. The analogue-to-digital
converter then converts the vol-
tage measured across the panel
into positional information. This
version will become available
during 1986.

Epson (UK) Ltd, Dorland
House, 388 High Road, Wembley,
Middlesex HA9 6UH, tel 01-902
8892.

@ Coopers Cable Accessories
have issued a 24-page catalogue
which covers their range of cable
marking and routing systems. It
covers cable marking systems
which allow figures, letters or
symbols to be attached to cables
from 7/0.2mm to 150mmn¥ with-
out the need to disturb wiring in
situ, plus cable ties, cable clamps
and bases, terminals, braided
sleeving, spiral sleeving, conduit
fittings and all the tools and acces-
sories needed to use the pro-
ducts. Copies are available
free-of-charge from CCA Ltd,
Station Road, Studley, Warwick-
shire B80 7)S, tel 052 785 - 3514.

@® BICC-Vero have published a
sixteen page full colour brochure
which contains details of four dif-
ferent computer and terminal
case systems, The cases are
moulded from high impact poly-
styrene foam in oatmeal and
bitter chocolate colour combina-
tions. The brochure is called
Workstation Packaging and is
available free-of-charge. Also new
is a 19" case system moulded
from structured foam and avail-
able in 13 sizes from 3U to 12U.
The case range is called Titan and
details of it are available separa-
tely. BICC-Vero Electronics Ltd,
Industrial Estate, Chandlers Ford,
Hampshire $O5 3ZR, tel 04215
-60211.

@ T/ have published a reference
book which describes the pro-
duction and use of BIFET devices
(semiconductors which feature
both JFET and bipolar transistors
on a common substrate). The
BIFET Design Manual has sections
on amplification, sampling, and
filterand oscillator devices as well
as data on individual devices and
a section on miscellaneous cir-
cuits. It includes circuit diagrams,
descriptions of the circuit opera-
tion and the design equations
and in many cases explains the
derivation of the equations. The
cost is £5.45 inclusive from Texas
Instruments Ltd, PO Box 50,
Market Harborough, Leicester-
shire.

® Honeywell have produced a
booklet entitled “Applying
Manual Controls And Displays, A
Practical Guide To Panel Design”.
It covers the basic ergonomic,
aesthetic and functional con-
siderations which must be taken
into account when designing con-
trol panels and Honeywell say it
brings together much useful advice
on all aspects of man-machine
interface design. For details
contact Mike Kean, Honeywell
Control Systems Ltd, Honeywell
House, Charles Square, Brack-
nell, Berkshire RC12 1EB,
tel 0344 - 424555,
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EX-STOCK INTEGRATED CIRCUITS
4164 200ns D RAMS 8 for £14.95 4116 300 ns £1.50
2112 €10.00 2114 £2.50 2102 £2.00 6116 £2.50
EPROMS 2716 £4.50 2732 €300 2764 £4.05
27128 £5.50 6800 £2.50 6821 £1.00 68A09 £8.00
8B09 £10.00 B0B5 £5.50 8086 £15.00 B251 £7.00
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*COMPUTER WAREHOUSE

THE "ALLADINS' CAVE OF COMPUTER AND ELE

HOT LINE DATA BASE covopee-

DISTEL ¢

the U
MODEL

1000’s OF
BARGAINS =<3
FOR CALLERY"

-, 5

)

CTRONIC EQUIPMENT s

fl

__PRINTER / TERMTNAL Scoor — Bl

A MASSIVE purchase of these attractive stand aloné [
terminal units enables a SUPER BARGAIN offer. Made b

S GENERAL ELECTRIC CORPOVFVUEKEION

the G

30 features a standard TY 80 key

8748 £15.00.

Ty

5 h 4.0
Dry Fit M

»

'K DRI
apanese Half helght, 80 track double sided
disk drives by TEAC, TOSHIBA etc. Sold as
NEW with90 dgg uarantee 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
BrandNEW metal cases with internal PSU etc
for above drives, below cost!!
DSKC 1 for 2 HH or 1 FH 5%" drive £39.95
+pp£4.50 DSKC 2 for 1 HH or 1 FH 5% drive
£29.95 + ppca.50
8" Refurbished standard units.
SUGART 801 SS £175,00 + pp £8.50
SgGART 851 DS ‘:250.002+ pp £8.50

n £125.00
PR LORRRFRRTI 2000, .
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

IQRWK 5+5 Mb£795.00

CDC 9762 80 Mb RMO03 etc £2500.00
PERTEC D3422 5+5 Mb £495.00
RODIME 10MB ST506 Winchester NEW
£299.00
BASF 6172 23Mb Winchesters, as seen
£199.00
Carriage on other drives £10.00.
Unless stated all drives are refurbished with

day guarantee. Many other drives and
spares in stock - call sales office for details.

Join the communications revolution with our
super range of DATA MODEMS, prices and
speclfications to suit all applications and
budgets. ..
BRAND NEW State of the art products.
DACOM DSL2123 Multi standard 300-300,
1200-75 Auto answer etc. £268.00
DACOM DSL2123AD Auto dial smart
modem with multi standard AUTO SPEED
detect, and data buffer with flow control
etc £365.00
DACOM DSL2123GT The CREAM of the
intelligent modems, auto dial, auto call, index,
buffer etc etc. g
STEEBECK SB1212 V22 1200 baud FULL
DUPLEX, sync or async, optional auto dial,
£465.00

TRANSDATA 307A Acoustic coupler 300

baud full duplex, originate only,
RS232 49.00
Ex BRITISH TELECOM full sgeci_ CCITT,

STED with

ru%gedlsed. bargain offers. Sold T
data. Will work on any MICRO or system with
RS232 Interface.

DATEL 28 300 Baud Modem see SPECIAL
OFFER.

MODEM 13A 300 baud unit, only 2" high fits
under phone. CALL mode only £45.00
MODEM 20-1. 75-1200 baud. Comgact unit
for use as subscriber end to PRESTEL,
TELECOM GOLD, MICRONET etc. £39.95

+8p £6.50

MODEM 20-2 1200-75 baud. Same as 20-1 but
for computer end, £65.00 + pp £6.50

DATEL 2412 Made by SE labs for 8T this two
part unit is for synchronlous data links at 1200
or 2400 baud using 2780/3780
protocol etc. Many features include 2 or 4 wire
working, self test, auto answer etc.

C VER £800 Our price ONLY £199

+£‘P £8.00
DATEL 4800, RACAL MPS4800 baud
modem, EX Bf good working order, ONLY
£295.00 + pp £8.00

SUMMER OFFER
MODEM TG2393. Ex BT, Up to 1200 baud. full
duplexover4 wire or half duplex over 2 wire line.
ONLY £85.00 PER PAIR + pp £10.00

For more information
CONTACT OUR SALES OFFICE

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

A300 07191315 12v 3ah as RS 591-770 NEW €13.95
A300 07191312 6v 3ah as RS 591-360 NEW £9.95

A300 07191202 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 ¢ eeeeeccecscssvacssessreccossasses

¥ > 2408 i .
AINTENANCE FREE by Sonnenschein & Yuasa :
.

oo

Keep your hot pants COUL and RELIABLE with
our range of COOLING FANS
ETRI 126LF21 240v 5 blade equipment fan
Dim. 80 x 80 x 38mm £9,95
ETRI 88XUOI Dim. 92 x 92 x 25mm
240v equipment 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 69.11.22 8-16v DC micro miniature
reversible fan. Uses a brushless servo motor for
extremely hi?h air flow, also sllent running and
uaranteed 10,000 hr life. Measures only 62 x
2 x 22mm. Current cost £32.00. OUR PRICE
ONLY £12.95 complete with data.
MUFFIN-CENTAUR 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 all fans £2.00. |

Manufacturer's BRAND NEW surplus.
ALPHAMERIC 7204/60 Full travel ASCII,
60 key with parallel output and strobe.
£38.95

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 processor
chassis keyboard on single PCB with 116
keys. Many features such as On board
Micro, Single Sv rall, full ASCH coded
character set with 31 function keys,

Numeric keypad, cursor pad and 9600 baud
SERIAL TTL ASCII
£69.00 with data.

OUTPUT!! ONLY

anufactured by
PLESSEY Lid this
compact unit, onty
slightly larger than a
telephone, features an
all in one TELEPHONE,
24 x 40 character CRT
screen, VIEWDATA -
PRESTEL modem,
Keypad and_electronics to run as a fully
fledged PRESTEL terminal or telephone.
Ready to plug direct into a BT 600 type jack
socket and  instantly connect you to
PRESTEL etc. Many other features include
Memory dialling, Recall button, Off line screen
data storage, Picture expand. Standard
Mullard LUCY chip_set, Integral 5" JVC crt
monitor, etc etc. Designed to sell to the
EXECUTIVE at over €600! But from
DISPLAY, BRAND NEW AND BOXED at
only £39.00 for DTMF tone dial or £140.00
for standa(;d DIAL PULSE version.

arr. £8.

< The ORIGINAL FREE OF CHARGE dial up data
¢base. Buy, browse or place YOUR OWN AD fors
s goods or services to sell. 1000's of stock items, ®
spares and one off bargains.
ON LINE NOW. CCITT, 8 bit word, no parity.
For 300 baud modems call 01-679 1838
For 1200-75 baud modems call 01-679 6183

electronic keyboard coupled to a quality built matrix
printer with variable 3" t0 9.5" forms tractor. The printer is
capable of continuous duty printing, with up to 120
characters per line. Standard RS232 interface accepts
ASCII data at 110, 150 or 300 baud. Ideal for Terminals,
Data loggers, local label printing, or just as a printer! Sold
TESTED with data ONLY csg.oo. Also available with
TWIN MAGTAPE CASSETTE unit for data capture, data
preparation etc £150.00 Carriage £10.00.

Updated daily.
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COLOUR AND MONOCHROME
MONITOR SPECIALS

‘SYSTEM ALPHA’ 14" COLOUR MULT!I 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,giving 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 £149.00

DECCA 80 16” COLOUR monitor. RGB input.
Little or hardly used manufacturers surplus enables us to offer this special
converted DEéCA RGB Colour Video TV Monitor at a super iow price of only
£99.00, a price for a colour monitor as yet unheard of!! Qur own interface, safety
modification and special 16" high definition PIL tube, coupied with the tried and
tested DECCA BO serles TV chassis gives 80 column definition and picture
quality found only on monitors costing 3 TIMES OUR PRICE. In fact, WE
GUARANTEE you will be delighted with this product, 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
guarantee, Aithough used, units are supplied in EXCELLENT condition, ONLY
99.00 + Carr.
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 AUDIO VISUAL applications. Supplied in AS
NEW or little used condition ONLY £145.00 + Carr,

BUDGET RANGE EX EQUIPMENT MONOCHROME video

monijtors.

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 lines.

| ?33@EEEN SCREEN version of KGM 320-1 Only £39.95

9" KGM 324 GREEN SCREEN fully cased very compact unit Only £565.00
9" HITACHI VM-908E/K Black and White screen £49.95

Carriage and insurance on all monitors £10.00

GOULD OF443 enclosed, compact switch mode supply with DC regulated outputs ot
+5v @ 55a, +12v @ 0.5a -12v @ 0.1a and -23v @ 0.02a Dim 18 x 11 x 6 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 fully regulated DC
output of 5v @ 6 amps, and three sem| regulated outputs of +12V,-12V +15V @ upto 1
amp. Dim only 11 ¢m x 20 cm x 5.5 ¢cm. Similar to RS 591-994. 110 or 240v AC input,
TESTED ex equipment. Only £24.95
AC-DC Linear PSU for DISK drive and SYSTEM applications. Constructed on a rugged
ALLOY chassis to continuously supply fully regulated DC outputs of +5V @ 3 amps, -5V
@ 0.6 amps and +24v @ 5 amps. Short circuit and overvoltage protected, 110 or 240 V
AC input. Dim 28 x 12.5 x 7 cm NEW £49.95,

Carriage on PSU's £3.00

_ VOU TERMINALS

SPECIAL 300 BAUD MODEM OFFER

Another GIGANTIC purchase of these EX 3
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 2B has all the standard requirements for data base.
business or hobby communications. All this and more!!

® CALL, ANSWER and AUTO modes
® Standard RS232 sernal interrace
Now ONLY > ® Built in test switching

® 240v Mains operation

® 1 year full guarantee

@ Just 2 wires to comms line

® 300 baud full duptex
@ Full remote control

® CCITT tone standards
@ Supplied with tull data ~4 £29.95
® Modular construction » P
® Drrect isolated connection ﬁ |

BT 600 Jack plug and cable £2.25

aNbrg

All prices quoted are for UK.

ainland, paid cash with order in Pounds Sterling PLUS VAT. Minimum order value £2.00.
Minimum Credit Card order£/10.00. Minimum BONA FIDE account orders from Government Depts., Schools, Universities and
established companies £20.00. Where post and packing not indicated please ADD £1.00 + VAT, Warehouse open Mon-Fri
9.30-5.30. Sat 10.30-5.30. We reserve the right to change prices and specifications without notice. Trade, Bulk and Export

Sl_andﬁrd 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, Swivel and tilt base, Printergon. Function
keys etc. BRAND NEW and BOXED AT ALMOST
HALF PRICE omé:azs.oo
AJ510 - EX RENTAL 280 controlled, 15’
green screen 24 x 80 display, graphics, cursor
addressing, printer port etc. Very good condition
TESTED complete with manual only £225.00.
ADDS 520 - Dumb terminal, 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.

Carriage and Ins. £10.00

32 Biggin Way, Upper Norwood, London SE19 3XF

Telephone 01-679 4414 Telex 894502 Data 01-679 1888 <&
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Low-Cost Fibre-

Optics Transceiver

llmax Electronics have intro-

ducedafibre-optics transceiver
which operates at data rates from
DC to 20K baud and can transmit
over distances of more than forty
metres.

The module contains both
transmitter and receiver circuitry
on a single PCB and uses a high-
brightness, visible-red LED to
transmitdata alonglow-cost plas-
tic fibres. Connections are pro-
vided for both CMOS and R5232
voltage levels.

The Fibre-optics transceiver
costs £45.00 plus postage, pack-
ing and VAT.

Ellmax Electronics Ltd, Unit 29,
Leyton Business Centre, Etloe
Road, Leyton, London E70 78T,
tel 07-539 0136.

® House of Instruments have
published a 16-page, two-colour
catalogue which describes their
range of test and measurement
equipment. It includes photo-
graphs and basic technical details
of their oscilloscopes, counters,
multimeters, function generators,
and many other types of instru-
ment, and copies are available
free-of-charge from House of
Instruments Ltd, Raynham Road,
Bishop’s Stortford, Hertfordshire
CM23 5PF, tel 0279-55155.

® Ferrantihave producedacom-

prehensive application report on
their ZN433 analogue-to-digital
converter. The report describes
the construction of an evaluation
board for the device and includes
a full-size PCB pattern. The 433 is
a10-bittracking ADCwith aconver-
siontime of Tus and Ferranti say it
is particularly suited to applica-
tions where an input signal varies
slowly but must be sampled often.
Copies of the application report
are available from Ferranti Elec-
tronics Ltd, Fields New Road,
Chadderton, Oldham, Lancashire
OL9 8NP, tel 067-624 0515.

® Microleasehaveissuedan up-
date to their main equipment
rental catalogue. It describes
some fifty new items of test equip-
ment which can be hired for
periods of a week or more. For
copies of both the main catalogue
and the update, contact Sandie
Petrie, Microlease PLC, Forbes
House, Whitefriars Estate, Tudor
Road, Harrow, Middlesex HA3

5SS, tel 01-427 8822,
ETI FEBRUARY 1886

New Company Makes Defence Research
Available To Industry

D efence Technology Enter-
prises is a company which
has been set up to help industry
benefit from ideas developed as
a result of research at selected
Ministry of Defence Establish-
ments.

Representatives of the com-
pany will be allowed to work
alongside Ministry scientists at
four establishments, Malvern,
Farnborough, Portsland and Ports-
down. By maintaining a close
watchonresearchworktheyhope
to be able to identify at source
technologies which may have
commercial potential.

Other companies who wish to
gain access to the information
collected by DTE will be able to
become Associate Members. By
payinganannualsubscription fee
based on their turnover, they will
receive details of ideas related to

their specific needs and require-
ments as well as regular bulletins
on new developments, help in
searching for answers to par-
ticular technical problems and
assistance in obtaining finance to
develop and enhance technolo-
gies revealed to them.

DTE will also provide assistance
on a consultation fee basis for
specific projects and, where
technologies are likely to attract
wide-ranginginterest, willorganise
conferencesandseminars. Incer-
tain circumstances, Associate
Member companies may be
allowed to send staff towork with
scientists at Ministry research
establishments or have MoD
scientists seconded to them.

In a letter commending the
launch of DTE, Secretary of State
for Defence Michael Heseltine
recalled several examples of

defence research finding valu-
able civil applications. Among
them were high resolution X-ray
detector crystals which are used
inbodyandbrainscanners, liquid
crystal displays, carbon fibre
composite, and advanced alu-
minium lithium alloys. But, he
argued, there is scope for greater
and more systematic exploita-
tion and DTE is the bridge bet-
ween research estabishmentand
market place which will provide
it.

The company is the result of an
initiative by the merchant bank
Lazard Brothers. Proposals for its
formation were developed in
conjunction with the MoD and
seven other shareholders and
given formal approval by the
secretary of state. The company
was launched onthe 15th October
1985.

Hluminated

Pocket
Microscope

ew from Cobonic is a self-

illuminated inspection
microscope which fits comfor-
tably into the pocket and weighs
just 4% ounces. Powered by
batteries, the microscope fea-
tures adjustable focusing and
is  available  with either
30x or 100x magnification. They
cost £18.90 and £27.90 respec-
tively and are available from
Cobonic Ltd, 32 Ludlow Road,
Guildford, Surrey GU2 5NW, tel
0483 - 505260.




Electro-Mech
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1 MEGABYTE 80 Track Disc Drives 54"

Double Density Double Sided £90.00 each £2.50 p+p
2 or more drives £85.00 each, p+p free

L\
b\ 500Kbyte 40 Track Disc Drive 514"

b Double Density Double Sided £75.00 £2.50 p+p
2 or more drives £70.00 each, p+p free

@ Epson 250Kbyte 40 Track
Disc Drives 312"
Double Density Single Sided ®m 3ms Access
Time (Track to Track) ® Full 5%" Compatibility
Standard Shugart Interface ® Power Requirements

CASED————
With fitted Interface and power supply cables UNCASED + 12V (0' 8A) +5V (02A)
Colour and spec. for immediate connection to BBC micro . ; - X
T Dm 2 Dn 10 Dl 1 Drive 2 Drives 10 Drives Please specify cased or
rive I1ves TIYes £50.00 each £48.00 each £45.00 each uncased when orderin
£55.00 each £53.00 each £50.00 each +£2.00 p+p D+p free p+p free ordernng
+ £2.00 p+p p+p free p+p free All prices plus VAT
Regulated Power Supply (Uncased) for 5.25" Disc Drives £9.50 + £1.50 P+p Complete Case and PSU,
Textured biack Drive Case takes one drive as agbove £9.00 +£2.00 p+p comprising:
PSU Drive Cable £1.00 + £0.25 p+p Nluminated Mains Switch, Fuseholder, Interface cable, PSU Cable, Rubber
Drive Interface Cable £5.00 + £0.50 p+p feet, 2m Mains Cable, Labels etc. Ready to take Half Height drive for direct link
5.25" 40 track DS/DD Diskettes by Memotrex £1.25 p+p free up to your disc controller board for immediate operation.
3Y2" 40 track DS/DD Diskettes by Sony £4.00 p+p free Sensational price — only £29.95 +£3.00 p+p
ALL THE ABOVE ITEMS — P+P FREE WHEN ORDERED WITH DISC DRIVE
CABLE HARNESS FABRICATION Send your drawing or specitication for Free Quote. Trade enquiries welcome. m Centronics p bl 1 metre long ONLY *5.95 + 50p p+p
4070 020 | 10.738635MHz 0.50 27 43K 820K | 2200MF/25V 030 | UK 2 CORE MAINS
74 SERIES 15.00Mbs Hed SWITCHES o 47K o0k | 4700MFriev 025 | CABLE - 2M LENGTHs O3
7406 040 MEMORIES 10 00MHZOSC alsoNl| BMISKETOR, 010 } 35 51K M PHONO TO COAX
7407 040 | 5914 250 ’ : 2 WAY ON-OFF DiP 0.15 3 56K 1.2M POLYESTERS PLUG CABLE ASSY 0.30
74ALS37 0.30 | 573545 Soo | LC. SOCKETS - STD NEON MAINS 075 | 38 ek Vam | 2eNF 006 | 1aM LG
741500 013 | S70i 0e 300 | 2051 o1s | 4PoLDL 025 | 3% 6K o 100NF 0.06
741502 0.13 . 8 POL DIL 0.55 2 i O47MF 0.06
741504 01121 ||| Lermes 380 | 24PN 015 | ryrocomPUTOR 075 | &7 A 2 MOLEX PCB
: 3764=-20 250 | 28PIN 0.15 . 51 8.2K 2.:2M SIBITATS INTERCONNECTION
741508 012 | 417638 040 | 20PN 025 | MINISLIDE 018 1 oo 9.1K 24M | 4INF 0.0
felo 013 | ases-2 2.00 CReEsEUSH 035 [ o3 10K M 100NF 0.06 SYSTEMS
R o3 | slie4 200 | LC. SOCKETS - LOW RESISTORS O.25W c/f | 68 1K 3.6M TANTLUMS 2 WAY WAFER 0.04
g 8264-2 3.00 PROFILE T.I 75 12K 4.3M 2 WAY R/A WAFER 0.10
741527 0.12 | g1256-15 500 RY Mtnimum order 100 units 82 13K 4™ IMF35v 0.10 2 WAY SHUNT :
741530 013 16 PIN 0.10 | AlOOI each. & T sim | JOMF3sv e T o g
74L532 013 VARIOUS 1.C.s 18 PIN gelop o 180 3K 109 16K som | 2MFleV 018 | WAVSLLHEADER 00
ZALSTAA Q18 |41 400N 100 | 28PN 0529 ; 20 Sk [INlia 18K 62M TRIMMERS 4 WAY R/A WAFER 0.09
i 835 | 1601 o0 | 4 235y il 2 sl 1z 20K 68M | 5540PF 015 | 4WAYDILHEADER 010
b 79 ; : K 7.5M
741522 0us | 51o S MODULATORS - 15 270 ark | 30 2 a2M MISCELLANEOUS D HEARE R Y20
;:g}gg g:g %216 2.00 ASTEC }: % géz 160 27K 2IM [ 3.5MMPCBMTG 012 | SWAYRAWAFER 012
7415138 025 6301-IN 1.00 | UM1286(8MHz) 1.50 20 e 2K 30K 10M JACK SOCKET . SWAY R/A S.IL
S o2e | sasial 150 | UMI285_8(USA) 250 | 29 3% gBK PHONO SOCKET 0.1« | HEADER 0.1
82523 1.00 . NUT FIXING :
74LS161A 0.50 [ a35723 1.50 REGULATORS 24 430 75K CAPACITORS BNC SOCKET - 2&:‘3&;)&??13“ g%
e 920 | eaas 500 | UA7805CKC 02s | 28 R e I keatac feats CHASSIS MTG 049 | GWAYSIL HEADER 0,10
oo 31> | Lmisee 125 | UA7812CKC 0z | 2 470 3 B 20 <SMMPCBMTG (| 8WAYSIL HEADER  0.10
50 | SN76489 2.00 30 510 100K iGN 47 pF FUSEHOLDER : 10 WAY RASIL
;4151“ 050 | gygesia 2.50 TRANSISTORS 33 560 110K | 22NF 68 PF 20 X SMM PCB MTG HEADER 0.15
415193 0.40 | Tpsco0rs 500 | an3004 oaz | 36 620 120K | 22NF DISC 100 PF FUSEHOLDER COVER %1% | SwavsiL HEADER 0.8
7415241 0.50 | 1pso020 300 | 2Navon il 59 680 130K | 47NF DISC 150 PF 20 x SMM 3.15A ISWAYSIL RiA :
7415242 050 | 1ial4626-5 g 43 750 150K | 82 PF 220 PF 0.10 0.2s
e T 2.00 | BCio7 015 | 43 o QUICK BLOW FUSE HEADER !
AL og0 | HEFaoL1 015 | Tippess oso | &7 820 K | 15pF 560 PF & PIN DIN R/A PCB oss | 20WAYWAFER B
7415245 075 | 280ACPU 150 § TL081CP 035 | o 0 180K |87 er: 1000 PF | \1G SOCKET : 20WAYRAWAFER 030
. 280ACTC 1.40 56 1K 200K | 33 PF 1500 PF | 7 piN DIN R/A PCB 34WAYDIL HEADER 0.40
7415257 0.75 DIODES 62 IKMF 220K | 30pF 4700 PF | MTG SOCKET 035 | 34wAYDIL RA
74L5273 0L INDUCTORS — 68 RIS 240K 9 WAY ‘D' TYPE R/A HEADER PLUG - GOLD %0
74L5365 0.50 IN4004 005 | 75 12K 270K 0.25
AXIAL o) s ELECTROLYTICS - AXIAL PLUG
7415367 050 i 82 1.3K 300K | 470 MF/25V 0.07
7415373 045 | 47mu 0.05 | INS402 210, [} o 1.5K 330K | 4900 MF/16V 0.35
7418374 0.45 | 2o0MH N BZX79C4V7 0.05 1.6 360K : Please add 15% VAT to all orders.
0.05 10 K
7415393 0.50 | 33MH 0.05 | BZX79CSVI 008 | ) 1.8K 390K ELECTROLYTICS - Export orders VAT exempt.
7415465 0.75 100MH 0.05 BZX79C5Ve 0.05 12 2K 430K RADIAL
74504 0.25 BZX79C12 005 | |3 2.2K 470K | 10MF/I6V 005 | Minimum order value £10.00
748734 2.00 CRYSTALS BZX79C7VS 005 | g 24K 470K %W | 10MF/63V 005 | P&P: components: 50p per order
1.8432MHz 2.00 16 27K S10K [ 22MF/35V 008 | Export orders: carriage charged at cost
. C MOS o || e e e POTENTIOMETERS G 5 560K | 47MF/ 6V olos Xp g g
016 025 | 4.00MHz 050 | IKHOR PRESET 010 | g 33K 620K | 100MF/25V 0.10
4049 0.25 | 4.433619MHz 0.50 ;IZ(I((:PECI;'\I:I?;%ESET 0-22 22 3.6K 680K | 470MF/10V 012 | We reserve the right to alter prices
4066 0.30 | 10.6875MHz 0.50 : 130182 39K 750K | 470MF/16V 012 | and/or specitications without notice

Electro-Mech Industries

MAIL ORDER ONLY
Write or phone

ELECTRO-MECH INDUSTRIES

Unit 23 Station Lane Witney Oxon OX8 6XZ Tel: (0993) 75827
CIRCLE 80 FOR FURTHER DETALILS.
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Autowipe Kit
C irkit have agreed to supply a
complete kit of parts for the
Autowipe project which
appeared in ET| last month.

This variable speed windscreen
wiper delay unit is unusual
because it employs digital con-
trol and hasa memory. The driver
triggers two successive sweepsin
thenormal way and the Autowipe
then remembers the interval

between them and continues to
operatethewipers atthatinterval
until reset.

The kit will cost £11.80 plus
60p post and packing or you can
purchase the PCBalone for £3.65
plus60p postand packing. Please
note that we will not now be sup-
plyingthe board throughourown
PCB Service.

Cirkit Holdings PLC, Park Lane
Broxbourne, Hertfordshire EN10
7NQ, tel 0992 - 444111,

» The Department of Trade and
Industry have written to us
regarding the Mastertronic
Video+ which we described
in the News Digest section of our
October 1985 issue. The Video+
is a UHF amplifier and aerial
system which is designed to
broadcast the output from a VCR
so that it can be picked up by
nearby TV sets. In spite of Master-
tronics’ assurances that the legal
position had been fully inves-
tigated, it now appears that re-
transmission in this way is illegal
and that those caught using the
system are liable to have the
equipment confiscated and could

facea fine of up.to £2,000 or three
months imprisonment. The DTI
say they will shortly be introdu-
cing regulations to prohibit sale
of the Video+.

® Vishay Mann have pub-
lished a catalogue which
covers their range of vitreous
enamelled power rheostats. They
offerresistances from OR5 to 10k
with a standard tolerance of
+10%, power ratings from 12.5W
to 300W and all products comply
with MIL-R-22 standards. For fur-
ther information contact Rod
Myall, Vishay Mann Ltd, Wymond-
ham, Norfolk, tel. 0953 - 602525.

Surface Mount
Test Clip

K Industries have intro-
duced a «clip-on test
connector which can be used
with the plastic leaded chip car-
rier (PLCC) IC packages used on
surface mount assemblies.
The 20-pin clip has the standard
0.1” contact spacing and uses a

helical compression spring to
ensure contact integrity The con-
nections are brought out to a
series of 0.025" square industry
standard connector pins at the
top ofthe clip. These are arranged
in two rows at different heights to
minimise the risk of shorting
between test probes.

The clip costs £23.20 with alloy
pin contacts or £30.93 with gold
contacts. OK Industries UK Ltd,
Dutton Lane, Eastleigh, Hamp-
shire SO5 451, tel 0703 - 619841.

Master
Eleclronics -Microprocessors

- Now! The Praclical Way!

@ Electronics —

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

Microprocessors
— Computer Technology is the l

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.

NewJob? New Career? New Hobby ?

SEND THIS COUPON NOW.

[ i s e, 2

FREE! COLOUR BROCHURE  OR TELEPHONE US 062 67 6114

OR TELEX 22758 (24 HR SERVICE) |(

Please send your brochure without any obtigation 1o

| NAME

ADDRESS

| am interested in 1
[C__]ELECTRONICS 1
{1 MICROPROCESSORS ]
"I RADIO AMATEUR LICENCE ]

ETI/2

T CITY & GUILDS EXAMS ]
Other Subjects . .. ........ .... I

@mwm&mmpo \Bax 2 Teigmouth Devan Tl _|
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Happy Memories

Part type

4116 200ns

4164 150ns Not Texas
4256 150ns

2114 200ns Low Power
6116 150ns

6264 150ns Low Power
2716 450ns 5 volt

2732 450ns Intel type
2764 300ns Suit BBC
27128 300ns Suit BBC
27256 250ns

Low profile IC sockets: Pins

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 atlow prices with DIY discounts
starting at a mix of just 25 pieces. Write or 'phone for list.

8 14 16 18 20 24 28 40
Pence 12 13 14 16 18 24 27 38

1off 2599 100 up
125 1.15 1.10
1.35 115 1.05
295 270 2.55
175 1.60 1.55
199 1.80 1.65
375 345 3.20
3.85 345 3.30
475 4.25 410
215 1.99 1.80
295 265 2.40
595 545 510

Please add 50p post & packing to ordersunder £15and VAT
to total. Access orders by ‘phone or mail welcome.
Non-Military Goverment & Educational orders welcome.
£15 minimum.

HAPPY MEMORIES (ETI),
Newchurch, Kington, Herefordshire, HR5 3QR.
Tel: (054 422) 618
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AN ARGUS SPECIALIST PUBLICATION

INTERNATIONAL [

‘Oho!’said Etienne Scrooge andthen, liking the sound
oftheword, said it again: ‘Oho!’ He was gazing in won-
derment at the cover of Electronics Today Interna-
tional, dated March 1986. And there, gazing back at
him as if taunting him to buy the magazine, was a
special offer. (Sorry, I'll spell that again: A SPECIAL
OFFER).

Etienne just couldn’t resist. For not only was this
offer special (or as they say in the magazine world,
SPECIAL), but it was also free (or as they say in the
magazine world, FREE). Andwhat’s more, itwas a PCB.
Now Etienne had three friends (well, he liked to think
they were friends) called Percival Cedric Bailey, Per-
sephone Cecilia Biggs and Peter Charles Bondini. This
was some coincidence. And what’s more, it seemed
like an omen. And what’s even more, it seemed like
the opportunity to acquire birthday presents for his
three friends of a peculiar aptness.

Etienne hesitated no longer, lest people grew

Free PCB Projects

The first four projects which can be built on our free PCB
are a capacitance meter module, a memo minder, an
RIAA equalisation stage and an NAB equalisation
stage.

Display Technology

Your name in lights? We look into the liquid crystal ball
andreport on new developments in what is probably the
fastest growing area of electronics.

Plus

Tech Tips, Circuit Solutions, Read/Write and more.

suspicious of his standing so long in front of a maga-
zine rack. None of his three friends were the slightest
bit interested in electronics but, reader, it won’t have
escapedyour attention that their initials were all PCB.
Etienne dug into his pocket and paid over the paltry
sum necessary to buy four copies of ETI. Three for his
friends and one, naturally, for himself.

Taking a look at the contents page he noted that
with his free PCB he could build seven different ET/
designs: A Capacitance Meter module, a Frequency
Meter module, an RIAA equalisation stage, an NAB
equalisation stage, a touch switch, a Memo Minder
and a Coldbathwaterometer. ‘A Coldbathwatero-
meter!? Etienne thought to himself as he tucked the
four copies of ETl into his briefcase and turned back to
the shop. ‘I wonder what that is.” Dismissing the
thought from his mind he also forgot all about his
three friends and began counting his cash to see if he
could manage to pay for three more issues of ETI.

Experimenting With
Programmable Logic

In this article, Mike Bediord follows up his introduction
to programmable logic (see this issue) with a practical
project of great educational value.

THE MARCH 1986 ISSUE OF ETI, ON SALE |
FEBRUARY 8th. YOU WON'T BE DISAPPOINTED.

Articles described here are at an advanced stage of preparation but circumstances beyond our control may dictate changes to the final list of contents.
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DIARY

Digital Techniques in Television — January 7th-March 18th

IBA, 70 Brompton Road, London SW3. Series of lectures organised by
the Royal Television Society and taking place on successive Tuesday
evenings at 6.30 pm. For details contact Liz Rankin, Royal Television
Society, Tavistock House East, Tavistock Square, London WCTH 9HR,
tel01-387 1970.

The Which Computer? Show — January 14-17th
NEC, Birmingham. See November ‘85 ET| or contact Cahners at the

address below.

Electronics In Oil and Gas — February 4-6th
Barbican, London. See November ‘85 ETI or contact Cahners at the
address below.

Intellectual Property and Patents — February 18th

Institute of Physics, London. One-day meeting. Fordetailsandregistra-
tion forms contact The Meetings officer of the loP at the address
below.

Power UK ‘86 — March 4-6th

Kensington Exhibition Centre, London. Exhibition and conference
devoted to power supplies and alternative power sources. Organised
by the Power Supply Manufacturers Association. For details contact
TCM Expositions Ltd, Exchange House, 33 Station Road, Liphook,
Hampshire GU30 7DN, tel 0428-724 660.

Electronic Production Efficiency Exposition — March 11-13th
Olympia, London. See November ‘85 ETI or contact Cahners at the
address below.

Electro-Optics/Laser International — March 18-20th

Metropole Convention Centre, Brighton. Exhibition and conference
onoptics and lasers which includes aspecial focus on fibre optics. For
details contact Cahners at the address below.

Low Energy lon Beams — April 7-10th

University of Sussex, Falmer, Brighton. Conference on the production
and use of ion beams, covering such areas as semiconductor process-
ingand machining and material modification in metals and insulators.
There will also be an exhibition of related equipment. For details con-
tact the Meetings Officer of the loP at the address below.

Electrical Insulation Conference — May 19-22nd.

Brighton. International conference described by the organisers as the
premier event in its field. For details contact the British Electrotechni-
caland Allied Manufacturers Association, Leicester House, 8 Leicester
Street, London WC2H 7BN, tel01-437 0678.

Advanced Infrared Detectors And Systems — June 3-5th

Institution of Electrical Engineers, London. Conference which aims to
coverthedevelopmentsininfrared detectors, systemsandtechniques
andtheirrelationship to developmentsinthe field of millimetre waves.
For details contact the IEE, Savoy Place, London WC2R 0BL, tel 01-
240 1871.

Networks ‘86 — June 10-12th

Wembley Conference Centre, London. Exhibition and conference
devoted to all aspects of data exchange networks. For details contact
Online Conferences Ltd, Pinner Green House, Ash Hill Drive, Pinner,
Middlesex HA5 2AE, tel 01-868 4466.

Northern Computer Show — June 24-26th

G-MEX Exhibition Centre, Manchester. Exhibition aimed at pro-
fessional computer users, from professionals in user departments to
computing specialists. For details contact Reed Exhibitions, Surrey
House, 1 Throwley Way, Sutton, Surrey SM1 4QQ, tel 01-643 8040.

Addresses:

Cahners Exhibitions Ltd, Chatsworth House, 59 London Road, Twic-
kenham, Middlesex TW1 3SZ, tel 01-891 5051.

Institute of Physics, 47 Belgrave Square, London SW1X 8QZ, tel 01-
2556111.

ETI
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displays.

it can do.

bank draft drawn on a London bank,

Telephone: 0480 67446.

Please charge my
No. ........

hrs).

Name .

Address

England.

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

The SUPERKIT series introduces beginners to practical digital electronics.
SUPERKIT (SUP 1) 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 It
{SUP 1) extends SUPERKIT. It contains an instruction manual and
components (10 integrated circuits, 7-segment display,
capacitors and wire), and explains how to design and use adders,
subtractors, counters, registers; pattern recognisers and 7-segment

DIGITAL COMPUTER LOGIC
DIGITAL COMPUTER DESIGN
MICROPROCESSORS &
MICROELECTRONICS

The SUPERKIT series is backed by our theory courses.
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

CAMBRIDGE LEARNING LTD, {Unit 18,
FREEPOST, St. lves, Huntingdon, Cambs. PE17 4BR, England.

VAT No. 313026022 Transcash No. 2789159 Reg No. 1328762

Please send me (initial letters used):

SUP | @ £22.00 DCL
SUP II @ £16.00 DCD
SUP I+l @ £35.00 Mic

Full details of all your courses (please tick)

Expiry date

Signature

CAMBRIDGE LEARNING LTD

Unit 19, Rivermill Site, FREEPOST,
St. Ives, Huntingdon, Cambs PE17 4BR

DIGITAL ELECTRONICS

£7.00
£9.50

£6.50
DIGITAL

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

o aar ear o o o eew e sas o oo Gy

@ £7.00
@ £9.50
@ £6.50

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

.. credit card,

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

resistors,
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BBC Micro Computer System

ACORN COMPUTER SYSTEMS
BBC B PLUS with DFS ..

BBC B PLUS with 128K.
BBC B PLUS Econet (No
BBC B PLUS Econet & DFS
BBC Model B + DFS.....
BBC Modei B + Econet

BBC Model B + Ecdonet + DFS.....£399 (a)
BBC Dust COVer ..., £4.50 (d)
UPGRADE KITS

DFS Kt £80 (d)
Econet Kit £55 (d)

1770 DFS Upgrade for Model B ....£49.50 (d)
1.2 OS ROM -£7.50(d)
DFNS ROM ..

ACORN ADD-ON PRODUCTS

Z80 2nd Processor .. £299 (a)

6502 2nd Processor .£169 (a)
Telext Adaptor. .£128 (b)
|EEE Intertace ..... £278 (b)

Music 500....
ATPL Symph

COMMUNICATION ROM

Termulator £25 (d)
COMMUNICATON ........cooiuncrcesce e £49 (d)
Commstar £20 (d)
DATABEEB £22 (d)

88C FIRMWARE

Wordwise Plus....
BCPL ROM/Disc
Viewsheet .
Exmon It
Tootkit Plus
ISO-PASCAL ..
Acomn Micro-Pr
Printmaster (FXBO)/
Oxford PASCAL/G- FORTH/LIS

o (c)
ACCELERATOR (BASIC Compiler) ....

£48 (d)

TORCH UNICORN products Including the IBM Compatible GRADUATE In stock

For detalled on any of the BBC Firmware/Peripherals listed here
or infor on our wlete range please write to us.
PRINTERS ereon  ACCESSORIES
EPSON X80 Shom foador.. 1
RX80T .. Paper Roll Holder ... £17.00 (d)
LX80.. FX80 Tractor attachment. £37.00 (c)
FX80.. Interfaces: 8143 RS232.... £28.00 ()
FX80+ . 8148 RS232 + 2K £67.00 (c)
NEW FX105+ incl NLQ & e AR e = oA
IBM mode ..........cc....... .£459 (a) Serial & Parallel Interfaces with larger bufters available.
JX80 4 colour printer £448 (a) Ribbons:  RX/FX/MX80..
L Q1500 Printer £345 (a) RX/FX/MX100
LX80...
PLOTTERS Spare pens for H180

Epeon H180: A4 4 colour Plotter....£345(a)
Hitachi 672: A34 colour Plotter .....£475(a)

TAXAN KAGA:
KP810 80 Col NLQ ..
KP910 156 Col NLQ ..

JUKI 6100 Daisy Wheel
HR15LX {Serial)...
HR150¢ (Serial) £:

Paper:

2000 Sheets Fanfold:
95" x 11"

14.5" x 11"
Labels: (per 1000)

3.5" x 17/16" Single row
2716 x 1716” Triple row .

FXBO Tractor Attachment £37 (c)

KAGA TAXAN

RS232 Interface + 2K Butter

Ribbon KP810/810 ..

JUKI:

RS232 Inter £85 (c)
Spare Daisy Wheel .. ...£14.00 (d)
Ribbon £2.50 (d)
Sheet Feeder = £182 (a)
Tractor Feed Attachment ...........................£129 (a)
BROTHER HR1S:

Sheet Feeder £189 (a)
Tractor Feeder. 299 (a)
Ribbons Carbon or Nylon. £4.50 (d)
Red Correction Ribbon .... £2.00 (d)
BBC Printer Lead:

Parallel (42") £7.00 (d)
Serial £7.00 (d)

DISC DRIVES

These ‘are fully cases and wired drives with slim line high quality
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.

Single Drives: With integral psu:

1 x 100K 40T SS :TS100... .£69(b) PS100 with psu.
1 x 400K 40/80T DS :TS400 £99 (b) PS400

Dual Drives: (with lmagral psu) Stacked Verslons

PDBOO 2 x 100K A0TEG ... e £185 (a) PDB80C 2 x 400K 40/80T DS..............£198 (a)
3.8” Drives
TS35 1 x 400K 80T DS....coovvevcrmmrrennne £99 (b)  TD35 2 x 400K 80T DS... ..£172 (b)

5%" 96 TPI double sided TMb unformatted 3. 5" 96 TPI double sided 1Mb unformatted
DD £85 (b) £88 (b)

3M FLOPPY DISCS

High quality discs that offer areliable error free performance for life. Each
discisindividually tested and guaranteedtforlife. Ten discs are suppliedin
a sturdy cardboard box.

5%” DISCS
40 SS DD £13 (d)
80T SS DD £22'(d)

3" DISCS
80T SS DD £30 (d)
80T DS DD £38 (d)

40T DS DD £18 (d)
80T SS DD £24 (d)

DISC ACCESSORIES

FLOPPICLENE Disc Head Cleaning Kit with 20 disposable ¢leaning discs ensures
continued optimum performance of the drives ..

Single Disc Cable... .. £6(d) Dual Dlsc Cabie
10 Disc Library Case £1.80(c) 30 Dlsc Case.
40 Disc Lockable Box .... ...£14 (C) 100 Dlsc Lock:

Printer Leads can be supplied to any length.

MODEMS
— All modems listed below are BT approved

MIRACLE 3000:

A new range of microprocessor based
modems offering of upto 2400 baud, full
duplex. Features Include 'HAYES' protocot
compatibility, auto answer, auto dial, speed

Auto Dlal Card...........
Auto Answere Card ..
SKI Software Control Kit ..

BUZZ BOX:
Pocket size, direct connect 300/300 half and

MICROVITEC

All 14" monitors now available in plastic or metal cases, please specity your

requirement.
14” RGB 14” RGB with PAL & Audio

1431 Std Res ... ..£185(a) 1431 AP Std Res .... .....£198 (a)
1451 Med Res. £225 (a) 1451 AP Med Res... .£275 (a)
1441 Hl Res... ...£385 (a)
Swivel Base for ICTOVItECS ..ot e £20 (c)
20” RGB with PAL & Audio
2030CS8 Std Res ...£225 (a) 2040CS HiRes. £685 (a)
KAGA TAXAN 12” RGB
VISION Ii 101Hi Ru .£225(a)  VISION Il Pius....
SUPER ONWPlus ... £330 (a)
MITSUBISHI 14” RGB Med Res IBM & BBC Compatible ........................... £299 (a)
MONOCHROME MONITORS:

SANYO DM8112CX Hi Res 12" Green Screen .........
KAGA KX1201G Hi Res 12" Etched Green Screen ..
KAGA KX1203A Hi Res 12" Etched Amber Screen ...
PHILIPS BM7502 12" Hi Res Green Screen..
PHILIPS BM7522 12" Hi Res Amber Screen....................
Swivel Base for Kaga Monochrome fitted with Digital Clock ..

SPECIAL OFFER | aoice .n’,‘ﬂo'fb.'ﬂa'g? N omen
2764-25 o..o........£2.00

are subject to change without notice.

butfering, printer port. data security optionetc. full . duph . oriainateland®atswer, ALL PRICES EXCLUDE VAT
w3000 Bov2123 (v21 & V23) £295 (b) MO .. £85 (¢) 27128-25............£3.00 Please add carriage 50p unless
"""""""" Data Cabies for above modems available for indicated as follows:
e e T B e 6264LP-15.........£4.00 | () ¢g (b) £250 () £1.50 (d) £1.00
gsooo V22bis2400 (as above plus 2400
aﬁg‘;'gﬂg“mp"’o’" """"""""""""""""" £850(D) Serial Test Cable Serial Mini Patch Box Serial Mini Test

A worid standard modem covering V21, V23
{Bell 103/113/108 outside UK) and Including

Serial Cable switchable at both ends allowing pin
optionstobe re-routedor linked ateither end usinga 10

Allows an easy method to reconfigure pin functions
without rewiring the cable assy.

Minitors R$232C and CCITT v24
Transmissions, indicating status with duaicolour LEDs

75, 300, 600, 1200 baud ratings. Optional Auto way swiichipaking f[possibleito prodlice aimostiany Jumpers can be used and reused. £22(d) on 7 most signitlcant lines.
dial, auto answer cards, complete control from cable configuration on site. Connects in Line. £22.50 (d)
computer keyboard. WS2000 £129 (b) Aveiiable as M/M or M/F £24.75 (d)
GANG OF EIGHT CONNECTOR SYSTEMS ‘
INTELLIGENT FAST 1.D. CONNECTORS EDGE CONNECTORS CAMPHENOL RIBBON
EPROM COPIER (Speedblock Type) 01" 0.156 {areyimetre)
Copiesuptoeight eproms atatimeandacceptsall | NOOf Header Recep Edge | 2-:Gway (commodore) ~ —  300p [ ...~ Scker ZDC 10way = 40p  34way  160p
ways Iug tacle  Conn. 2.¢10-way 150p —_ y plug P P 16-way 60p 40-way 180p
single rail eproms up to 27256. Can reduce pro- 1 85p  120p 2x 12 way (vic 20) - 350p 36 way skt §50p  500p 20-way 85p  50-way 200p
gramming time by 80% by using manufacturer's 20 145p 125p  195p 2x 18-w. — 140p 24 way plug 26-way  120p 64-way 280p
suggested algorithms. Fixed Vpp of 21 & 25 voits 26 175p  150p  240p 2% 23- way (ZX81) 175p 220p EEE 475p  475p
and variable Q/pp factory set at 12.5 volts. LCD ig 200p, JiS0p  azop gx%Bw S 225 2200 | 24way skt
display with alpha moving message. £395(b). 3355 200p 390 | 3x 3eway opecty oy = IEEE 500p 500p DIL HEADERS
50 P P P 250p
1% 43- way 260p - PCB Mtg Skt Ang Pin . Solder IDC
OFTY I D CONNECTORS g:fg:g; ;ggg = 24 way 700p 36way 750p lg pin ggp }?89
No of Ways = pin p [
This low cost intelligent eprom programmer can 9 15 Y 25 37 5’:23 o (S100conn) sggn §00p GENDER CHANGERS 18 pin  60p .
program 2716, 2516, 2532, 2732, and with an {MALE: Y 2 25 way D type 20 pin 75p
adaptor, 2564 and 2764. Displays 512 byte page | ang Pins 120 180 230 350{ EURO CONNECTORS 24 pin  100p 150
onTV — has aserialand parallell/O routines. Can  Isofder 60 85 125 170 P et |MaletoMale........ ...£10[ 28pin 160p
be used as an emulator, cassette interface. IDC 175 275 325 - DIN 41612 ug Socket |pjale to Female ... .. €10| 40pin  200p 225p
Softyll............... ... ... £195(b) IFEMALE g X, gg way it P|g 230p :2;75p Female to Female. ... . £10
Adaptor for 2764 4. £25.00 f x 32 way Ang Pin 275, 20
aptor for 2764/2564. £25.00(c) ELP'Sans jgo lae 218 oo e way St Bin 260p 300p RS 232 JUMPERS A
UV ERASERS Soider 90 190 190 200§ B dChaR T T st |aursmaeatim®  eg
| 195 3 ° j, g oy,
All erasers with built in safety switch and mains fStHood 90 95 100 120} !DCSktA+C 400p | 247 Singleend Female  £5.25 Sdad 4
indicator. Screw 130 150 175 - For 2 x 32 way‘{)lease specity |24 pemae female ‘t::g:go g pe protoco
U¥1 Berases upbtos eproms at a time. . Eg7 Lock spacing (A+ B 24" Male Female I\ £9.51 T ‘. 2 .‘ e LG
UV1T as above but witha timer .......... 9{c] phone 976 0
UV140 erases upto 14 eproms ata time| £71|(b) SOCK;EXTOOL QF trs0]| 21 pin g‘clasrfcggr:‘e':t%rzoop 4 BLIy' Sg‘gplgv(iatl E1SO5p : X ;
-pin 3 .
DViig1 asiabovelbutiwithialtimer ot sy £88(b) | 25pin o.00 20pin 12| 8 pin Video Connector200p 8-way 120p 10-way 150p
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LINEAR ICs COMPUTER COMPONENTS

74181 340p | 74LS162A  78p | 74508 80p | 4063 8p
74182 140p | 74LS163A  78p {74510 80p | 4066 40p CHARAC TER
7400 20p] 74184 180p | 74LS164  78p [ 74511 78p | 4067 230p St GENERATORS
7401 30p] 741854 180p | 74LS165A 110p | 74520 80p | 4068 L r— P
7402 30p | 74190 130p | 74LS166A  180p | 74522 80p | 4069 24p | Jocos08
7403 30p; 74191 130p | 7405168  130p | 74530 80p | 4070 24p | amro10DC
7404 38p| 74192 110p | 7415169 100p | 74532 80p | 4071 24p | antca - =
7408 30p| 74193 118p | 7415170 ‘140p | 74537 80p [ 4072 24p | Av-1-5080 %0 | coc0oA ENCODERs
7406 40p| 74194 110p | 74LS173A  100p | 74538 80p | 4073 24p | AY-3-1260 Moy | 2516+5¢  380p Avisiz37e) 11095
7407 40p] 74195 80p | 74LS174  78p | 74540 80p [ 4075 24p | AV-3-0010 e | a0 280p| s e Teon [AY 5 3800 T80p
7408 30p | 74196 130p | 74LS175  75p | 74851 4sp | 4076 68p [ AY-3-8012 o 125 200p S x ULN2603 Z80ASI0-0/1/2 740922 800p
7409 30p | 74197 110p [ 74L5181  200p | 74564 asp{ 4077 28p | CAJ0M9A Ores : 5800-2 £12| 2664 o00p | ULN2804 ] To0p (74C923  800p
7410 30p| 74198  220p| 74LS183  190p | 74574 70p| 4078 28p | CAJEEA i) NT o | as0p| 2708 s00p | 75107 Z808P10  300p {EE—-—
7411 30p | 74199 220p§i 74LS190  78p | 74585 300p | 4087 24p | Civeo b i p 271645y 3s0p [ 75108 frretilid GENERATORS
4221 s2p 6809%€ €8] 571635 75109 Z80DART
7412 30p | 7422 110p | 74L5191  78p | 74586 100p | 4082 28p L1801 prosg 2718 880p |
GA3080 0p 68609 £10] 2732 75110 MC14411  750p
7413 s0p| 74251 100p] 745192 80p| 745112 180p] 4085 80p | case0e Tou)| Lmte3o0 M0 forioor  £12] rans |52 eop COMB116 8809
7414 70p| 74259 150p| 74LS193  80p[ 745113 120p| 4086 75p | Caz0ee 20p | LM1871 20y 200 | O0LE  £38) eonss ] IR 1 7028 TeOp
7416 38p| 74265 380p | 74LS194A  75p| 749114 120p) 4089 120p | CA89E riep| LM1872 o0p bl PO 26425 00| TN 1e0p |
7417 40p| 74273 200p | 74LS196A  78p|74S124  300p| 4093 38p | CAIN0AQ  378p|| LM18SG s00p oy | s 350 | eazs t10] 75115 1a0p| 2016150 ao0p
7420 30p| 74276 140p § 74L5196 80p | 745132 100p | 4094 90p | CAIINE oup || LM1689 400p 240p pl® 420p 271128-25  300p| 75121 140p | 2101 400p [AY-3-1015¢
7421 80p | 74278 170p| 7405197 80p| 745133 80p | 4095 90p | CA3130T 130p | LM2O17 208 09 790711230 soop | 75122 140|210 280p
BOBOA P 75150 120p | 21078 AY-6-1013p
CA3140E a8p || LM3302 sop e 420p | 57556 €12 210 S00p
7422 38p| 74279 90p | 7405221  90p| 745138 180p | 4096 90D | a0t 100p || LM360O ey %0p | B0BSA 300p 75154 120p[ 21114-35  a00p 200
7423 3p| 74283 10%p| 7405240  BOp|745138  180p | 4007 270p | 3107 o | v T0oy ol el TMS2716 B0 7o 220p1o11a0L  2m0p [COMEOITT 00
7425 40p| 74285 320p } 74L5241  80p| 745139 180p | 4098 750 | caaterE 200p | LMO11 1% 8% | aoee e CRT 75160 800p| 2147 a0p [MB402  4s0p
7426 40p| 74290 90p | 7415242 90p | 745140 100p | 4099 90p | caztezE soep | LM3014 300p 0P | o 1 CONTROLLER _[R303] Woplai1e15 2009 UHF
7427 aop| 74293 90p | 74.5243  90p| 745151 150p | 4501 %p | catest  z70p | LM30IS 3w To0p | oo A ERE AT [ ol L] uoouLaTORS
7428 43p| 74298 180p | 74L5244  80p 745153  180p | 4502 $8p | CA3240€ 180p | LM3016 30p oo | R (s G EUC R e AL f v
7430 30p| 74351 200p | 7405245  110p| 745157  200p | 4503 38p | CA3280G 70p | LM13600 150p L e g o 75108 sop | Haana0 m Mz UHE 480p
7432 36p| 743654 80p | 74LS247  110p| 745158  200p| 4504 95p | 07002 £8 | ME1513L 230p o | INS9995 12| EFS065 28| 75189 60p| 4416195  400p [30Und B Vislon
7433 0p| 743664 80p | 745248  110p)| 745163  300p [ 4505 380p | DACIOSS x e ::: : de 250p | EFS306 28 75385 180p | 453220 280p |12MMEZ 12
7437 J0p| 7436A 80p | 74LS249  110p|74S169  880p | 4506 90p | DACUSOO EFGO67  £38| 75450 80p | 4g164P-3  200p
DAC0608 so0p| MC1310P  180p | TLOT4 e |282A 290p 78451 sop
7438 aop| 74367A 80p | 74LS251 78p | 745174 300p | 4507/4030 MCB845  850p 5101 30| caveraLs
0G308 200p | MC1413 Tep | TLOBT Me |Z808B 880p | mces4sSP 75452 80p { 5514 450p
7439 40p| 743684 70p| 7405253 78p| 745175 320 380 | a8 J00p | MC1458 e | TLOBZ o |2820M08 780p ssop| 75453 00| cote Saop [2768 Kiz
7440 40p| 74376 180p | 745256  90p|745188  180p | 4508 1209 | \cL7108 7ip | MC105L 00p | TLOSS e Mcesa?  ssop| 76454 700 116P3 309 100p
7441 90p| 74390 110p | 74LS257A  70p | 745189 180p | 4510 88p | L7611 o8p | MC1488 70p | TLOB4 108p SFF98384 c8| 75480 1800 | g116LP9  aoop |00 KHZ  400P
7442A 70p| 74393 112p| 74LS256A  T0p| 745194  300p [ 4511 88p | IcL7850 a00p | MC3340P 200p | TLOG4 2000 FUISS A Thiso91s €15 75401 8601 ooa1s  roop [LOOMHE 2700
7443A 100p| 74490 140p| 7415259  120p| 745195  300p | 4512 s8p | ICL7880 280p | MC3401 0 | TLI70 oy UL vsoo2s  £10] 75492 s6p | czoaLp.1s  40dplFroa e
7444 110p 7405260  75p]| 745196  350p | 4513 150p | ICLBOSS 400p | MC3403 08p | UAAIOOS-3  838p | 2561 £12 [T 8126 1200} 6810 1809 ' 2880
7445 100p 74LS261  120p| 745200  480p | 4514 110p | ICM72168 a2 | MF10ON 005 | UA7SG p | 3242 00p pAL 120p) 745180 225050000, zoap
CMT2N7 780p [ MK50240 200p | UA2240 1mp | 3245 480p 195 120 § 745201 350p
7446A 100p 7405266  80p) 745201  320p | 4515 Tiop KO oo | Mxsoase el [Uariio gl e = 8796 1200 | 7asons 228 |25 280p
T447A 100p | 74LS00 24p| 7405273 125p| 745225 $20p | 4516 55p | | Cu7sse 140p | MLE20 soop | UCN4s0IA  ssep | 6522 50p | ADSSECS  TT8p | BTO7 120p | gasqs mg'f;’fm 309
7448 120p| 74501 24p| 74L5279  70p|745240  400p | 4517 220 | \or420 00y | MLs22 s | UNZ00IA  Tep | 5224 seop|ADSSNS 20| ET98  12pigiazz  esop[Sioone 1T
7450 3sp| 74LS02 24p| 7405280  190p]| 745241 400p | 4518 4% | | c7130 300p | MME221A 300p | ULN2004A Top | 6632 as0p | AD7581 £18] BILSSS  140p{ g3425 8009 5 57g 180p
7451 3sp| 741503 24p| 74L5283  80p| 745244 500p | 4519 32p | oriar 300p | NES3T 1309 | ULN2082 sy [ Bt Saopy ADcon8 [ tsRIaILERe] e 357 100p
7453 38p| 741504 24p| 745290  s0p{ 745251  250p (4520 80p | LF47 120p | NES44 100p | uLN2e02 e | 21 | assar ¥ | silses  tedp 4.00 140p
7454 38p| 741505 24p] 745292  900p| 745257  280p [ 4521 118p | LF3s1 0p | NESES mpfUNZe0s e | 3921 aGe ‘soop| 5805120 300p 4.1 180p
7460 ssp| 74L508 24p] 74L5293  80p| 745258  280p | 4522 a0p | LFI3 0p | NES56 0p | ULNZB04 % | o 378 | AM25L52538 | 9602 300p ot oo
7470 s50p| 74L509 24p| 7405205 140p| 745260  100p | 4526 Top | LF3%5 o0p | NESG4 400p [ UPCSTS % | a0 sop 3s0p| 9636A  160p j1:609 280p)
7472 s5p| 74LS10  24p|74LS207  £9|745261  300p | 4527 sop | LF3eN Liop [ Neses T |, e | om0 t60p| AM2ELS3T geaTAch 180y oo o
LF357 100p | NE588 180p | UPC1156H oup | e 120p | 9638 190p. £.000 180p
7473 s8p] 74511 24p| 7405298 100p| 745283  270p | 4528 8p i 6.00 140p
LM10C 450p | NES67 1280 | UPC1185H  somp | carno 280p | AM26LS32 IN425ER 380p
7474 s0p| 74L512 24p| 74152909 220p| 745287  228p | 4529 100 | Laaota op | NES70 oo | X210 wsp | 32 o 120p| ZNe26E8  360p 17734 2009
7475 60p| 741513 34p| 74Ls321  370p| 745288  200p | 4531 789 | Lmaor 80 | NEST1 00p | xR2208 «omp | 63354  so0p | O7002 08| ZN427E  000p 7.00 150p
7476 48p!t 74L514 50p| 74LS323  300p| 745289 225p | 4532 85p | LM30BCN 78p | NESS2 0p | XR2207 3789 | 687 500p | DAC80-CB1-V ZNA2BEB  450p 7.168 178
7480 s5p| 74515 24p| 7405324 320p| 745299  880p | 4534 380p | LM310 228p | NESSA2P 100p | xA2211 5780 | 6154 50p t2a| 24206 2109 8.00 180p
7481 180p( 74520  24p| 74LS348  200p| 745373 400p | 4536 280p | LM3N oop ( NESS33P 100 | XR2216 o75p | 6155 300p | DMBT31  600p | ZNATE  900p e ||
7483A 108p| 74L521 24p| 7405352  120p| 745374  4o0p | 4538 75p | LMa18 150p | NESS334P  120p | XR2240 12mp | 8156 3a0p| ORE30d | 3sop| ZNALSE - 300R 1070 3
LM319 1 NESS34AP 180p | ZN4OB 190p 8206 228p | DS3691 350p | ZNASSCP  300p| . 50p
7484A 125p| 741522 24p| 7405353  120p| 745387 225p | 4539 5p 0p A 11.00 300p
LMa24 4sp | OP-OTEP 500p | ZN414 wp | 8212 200p | DS8830  140p| 8271 PO,
7485 110p| 74LS24 50p | 74LS356  210p 9op | M4 e ooz o [ ot | w6 Y00 | DSsE31 180 8275 2 12.00 1800
7486 42p| 741526 24p| 74LS363  180p, 70p | sz 130p | RCA136 ssp | 2wazae 1a0p | 8224 300p | DSB832  150p| 8279 [all 14.00 17
7489 210p| 741527 PYYIRZICETYIIRT™  s000 sERIES 1000 | | Mase bpoud ot el [acie 1%0p | 8226 4akp| DS8833  228p | 284 wa0p uas e
7490A ssp| 7aLs28  24p| 7415365 s0p 240p | (uz0 a0p | ACA558 sop | Duzses  ssop | 228 BTSN [ 1500 o
7491 70p| 741530 24p| 74LS366  S0p 36p | Lmass s0p | 55668 220p | ZvazeE 200p :ﬁs‘g 2 gss:gg ::: A oy 16.00 2000
7492A 70p| 741532 24p| 7415367 s0p $0p | Lmasep s0p | SAA1900 18 | DM27E 0000 | SA 3mp| MCI4E8  Sop] TMS90T g4 18.00 1700
7493A 55p| 74L533 24p | 74LS368A  50p 240p | LMAT? 300p | SFF98384 000p | ZN428E 4509 | go53c.s  M0p| MC1489  60p] TMS9901  S00p 18432 190p
7494 110p| 74L537 24p| 74L8373  90p 140p | LMJSON  150p | SL4%0 300p | ZN420ER 2250 1 gassac s MC3446  280p| TMS9902  800p 19969 190p
7495A s0p| 741538 24p| 745374 90p| 4007 25p | 4566 140p | LM38O 150p | SN76033N  300p | ZNA4TE £9.80p 20| MC3459  as0pi TMS9911 €18 e} VSe)
7496 80p| 741540 24p| 7405375  75p| 4008 60p | 4568 240p | LMIBIAN 170p | SN76489 400p | ZNA49E 0P | gosg £18| MC3470  478p) TMS9914  £14 24.00 180p
LM382 200p | SN76495 400p | ZNASOE 7800 | gas7c.c 400p| MC3480  860p| ZBOPIO  240p 48.000 1780
7497 210p| 741542 50p( 74LS377  130p| 4009 ] PR 1709 |\ \ass 325 | SPosealz  roop | ZMSCP 300p | g250C-5 400p| MCI41BL  990p| ZBOAPIO  280p 116 250p
74100 190p| 74LS43 180p | 74L5378 95p| 4010 80p | 4572 459 | vase 220 | TA7120 120p | ZN1034E 200p | go5i2g 178p| MC3486  280p| Z80BPIO 5004 PXO1000  £12
74107 50p| 741547 80p [ 74LS379  130p( 4011 24p | 4583 9P | masen1  100p | TATI30 140p | DN100E socp
74109 75p| 74L848 90p | 74L5381  450p| 4012 28p | 4584 48p | Lass7 270p | TAT204 150p | AT > REAL TIME
e e mians cmiE o RiSE pimm o Blwm o g)eer - e oy o
74116 170p| 741554 24p| 7415303 100p| 4015 70p | 14411 750p TAT310 MM58174AN SAA5020 prices are st.abwct
74118 110p| 74LS55  24p| 74LS395A  100p| 4016 36p | 14412 750p (; SAA5030  700p to change without
74119 170p| 74LS73A 30p| 74US399  140p| 4017 55p {14416 300p MSM5832RS SAA5041 £16 notice.’
74120 100p] 74L574A  38p| 74Ls445  180p| 4018 80p | 14419 280p SAAS5050 - .
74121 55p| 74LS75 45p| 74LS465  120p| 4019 80p | 14450 420p
74122 70p| 74LST6A  38p| 74LS467  120p| 4020 80p | 14495 450p | q4p +ve +ve LOWPROFILE SOCKETS BY TEXAS WIRE WRAP SOCKETS BY.TEXAS
74123 80p| 74LSB3A  70p| 74LS490  150p| 4021 60p | 14500 650p | SV 7805  45p 7905  S0p 22p | 8 pin op 2pn Toe
74125 65p| 741585 78p| 74LS540  100p [ 4022 70p [ 14599 200p | 8V 7808 & 7906  SOp T3 A 200 el e
74158 74LS541  100p| 4023 22100 3 7908 4
74126 Ssp| 74LS86  35p %0p| ¢ 30p sop | 18V 5 s BB B> |6 11p 28 pin 26p | 16 pin 42p 28 pin 100p
74128 85p| 74LS90 asp| 7405608  700p] 4024 a8p | 22101 Toop [ 12V 812 7 18 pin 186 40 pin
74132 75p| 74891 e0p| 74LS610  1900p| 4025 up|22102  7100p | 15V (RS o BE Son oo ot 30
74136 70p| 74LS92 s5p] 74L5612  1900p | 4026 90p | 4001474584 24v 7624 Sop 7924 sop
74141 90p| 74L893 S4p| 7415624  350p; 4027 40p | 40106 SV 100mA 78L05  3p  79L05  4Sp {
74142 280p| 7415958 78p| 74LS626  228p| 4028 s0p 4% | 8V 100mA 78,08 30p DRIVER
74143 270p| 74LS96 90p | 7405628  228p| 4029 78p | 40085 120p | 12V 100mA 78L12  30p  79L12  S0p MAN4640 200p
74144 270p| 74LS107  40p| 74LS629  125p | 4030 35p | 40097 3ep | 15V 100mA 78L15  30p  78L15  50p MANGE610 200p Is0p
74145 110p] 74LS108  40p| 74LS640  200p | 4031 125p {40098 40p 'T"?gffe‘ 570p |
74147 170p| 74LS112  48p| 74L5640-1 4032 100p |40100 180p COUNTERS
74148 140p| 745113 4sp 300p | 4033 125p | 40101 125p MANT4/DL704
74150 178p| 74LS114  48p| 74LS641  150p| 4034 250p | 40102 130p | Fixed Reguistors MAN71/DL707 g MANB910 850p
74151A 70p| 74LS122  70p| 74LS642-1 4035 70p |40103 200p 850p
74153 80p| 74LS123 80p 300p | 4036 70p |40104 120p | LM323K 3A 5V 350p 55p 55p %
74154 140p| 7415124/ 7405643  250p | 4037 110p | 40105 150p | 78HO5KC 5A 5V 575p N1040  870p
74155 80p 829/140p | 74L5643-1 4038 100p 40106 48p | 78H12 5A 12v 840p |
74156 100p| 74LS125 50p 300p | 4039 250p [40107 $8p | 78P05 10A 5v 900p
74157 80p! 74L5126  50p| 74LS644  350p| 4040 60p [40108 320p | Variable Regulators 8 un 40p
74159 175p| 7415132 65p | 74LS645  200p| 4041 55p (40109 20p | LM305AH 250p 20 pin  45p
74160 110p| 74L5133  50p| 74LS645-1 4042 s0p [40110 228p [LM317T T0O-220 150p 2pin  50p
74161 80p| 7415136 45p 400p | 4043 80p 40114 228p { LM317K TO3 240p 24 pin  5Sp
74162 110p| 7415138 s5p| 74LS668  90p| 4044 80p |40147 280p [LM337T 3A+VAR 225p P &
74163 110p| 74LS139  58p| 74LS669  90p| 4045 100p |40163 100p | M350T 5A+VAR 400p 28 pin  65p
74164 120p| 74LS145 95p | 74LS670  170p | 4046 80p |40173/4067 LM396K 10A+VAR £15 16 pin 35p 40 pin  90p
74165 110p| 745147 175p| 74LS682  250p| 4047 80p 120p | L M723N 50p
74166 140p| 74L5148  140p| 7405684  350p | 4048 55p 140174 100p | 78HGKC 5A+VAR 650 ange 22p
74167 400p| 7415151 65p] 74LS687  350p [ 4049 36p [40175 100p | 79HGKC 5A+VAR 675p | N\21Vekow 2P We also stock a large
74170 200p| 74LS152  200p | 74LS6B8  350p [ 4050 asple0192  100p | 78GUIC 1A+VAR 225p | cxows MvsaiesGreon (f Fange of Transistors,
74172 420p| 7415153 65p| 74LS783  £21]4051 85p [40244 1500 | 79GUIC 1A+VAR 250p | (bicolour) 100p Armay (10) 2250 (§ . -
74173 140p| 74LS154  180p 4052 60p 140245 150 | guitching Regulators TI2z0Red 15p Rect Lod Diodes, Bridge Recti-
74174 110p| 74L5155 65p 4053 80p | 40257 180p || 7660 250p . .
74175 108p} 74LS156  65p 4504 80p | 40373 180p | 5Gas04 300p fiers, Triacs Plastics,
74176 100p| 74LS157 50p | 74500 50p | 4055 80p §40374 180p i
74178 150p] 74LS156  65p| 74502 50p | 4056 ssp [soces 78p ;t:g; m Thyristors and Zeners.
74179 74LS160A 50p | 4059 400p [80C97 %p Please call for detai
ol 74L5161A op 700 [80C98 78p | 78540 250p etails.

3 7 PLEASE ADD 50p p&p & 15% VAT
( AH \() (Export: no VAT,l;&ppll Cost)

MAIL ORDERS TO: 17 l'lURN LEY ROAD, LONDON NW10 1IED Orders from Government Depts. & Colleges etc. welcom
SHOP?TI:IT.OP"%lS $§7I;I?YT:}§:A9D‘“[§80$DON plgi 11 Detailed Price List on request. l
305 ED(.;-\VARE ROAD .L(_)NDON w2 Stock items are normally by return of post.
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26 Ranges. 20,000
Ohms/Volt. Anti
Parallax Mirrored
Scale. Taut Band
Suspension. Shock

and Overload SAVE£57.50 ON PRE

Protection. Max. PRICE WITH PROB:'sous
‘ 1250V AC/DC. 10A

AC/DC. 30 Meg V212 hitachi Dual DC to 20MHZ Portable

Ohms.Carry handle/| "Scope. 6 Square CRT. 5Smv/DIV. Max 1mV

bench stand All Facilities

s NEW LOW PRICE | WiTH TWO

Complete with leads, X1/X10
£21.95 incvat vattery, instructions | £343.89incvat |PROBE KITS
(UK C/P 85p) and CARRY CASE (UK TNT delivery £8.00)

174M

23 Ranges. 50,000

Ohms/Volt. Taut

Band Suspension.

Anti Parallax
Mirrored Scale.

Ll Shock and Overload
i Protection. 2500V

AC/DC. 20u A 1010A

186 M

26 Range 3% Digit LCD.
AC/DC 0/200uA 10 0/10
Amps.AC/DC 0/200mV
to 0/1000 Volts 0/200
Ohm to 0/20 Meg
Ohms Auto Zero, Auto
Polarity, Fuse
Protected, etc (List

DC 60 Meg Ohms. £71.30)
Carry handle/bench

: Complete with leads,
AL i battery, instructions

B
£24 95 - Complete with (eads, — and CARRY CASE
«J) iNC.VAT battery, instructions ‘
(UKCIPB5p)  and CARRY CASE | o3 3.9D inc.vaT (uk c/pasp)

RAUDIO €LECTRONICS

maA| 301 Edgware Road, London W2 1BN
| Tel: 01-724 3564

Send now -

forour FREE CATALOGUE
Or ring: 01-567 8910 for

the keenest prices on -

CMOS TRANSFORMERS BOOKS
TTL CONNECTORS TOOLS
OPTO MICROPROCESSOR BOXES
TRIACS HEATSINKS RELAYS
HICADS MULTIMETERS SWITCHES

AND LOTS LOTS moRre

We also STOCK over 30 KITS for Timers, Remote Control, Disco
Lights, Temperature Control, etc. PLUS a wide range of VELLE-
MAN and PANTEC KITS.

Any questions please ring BART TREPAK on 01-579 9794.

ELECTRONICS  SEND9"x6"SAE
T“ 13 BOSTON RD OR CALL AT SHOP

MON-FRI 9-5pm
LONDON W13SJ  saTURDAY 1%-4pm

lﬁ gREE P&P on orders over £20 (UK only), otherwise add
0 5p + VAT. Overses P&P. Europe £2.75. Elsewhere
£6.50. Giro No. 529314002. SCHOOL OR LOCAL AUTHORITY
ORDERS WELCOME. Goods by return subject to availability.
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Interak 1 —

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). If youcanget yourown parts
(but we can supply if you can't) all you need
from us are the bare p.c.b.s and the manuals.

- I Interak 1's greatest g
o[B8 asset — space for |ff|¢
expansion.

Qe o

‘@ «-

*

@

{Up to 8 more cards é}
4% x 8" each) -

rare!

1xev. rowER
20ARD SUPPLY SPACE

e

20A! yi, ! aam ! XA
Py vou L E: WWSION

(P.c.b.s range in price from £10.95 to £19.95 +
VAT; manuals £1.15.)

The Interaktion User Group has 14K BASIC,
Assembler, Fig Forth, Disassembler, Debug,
Chess and a Book Library, Newsletter etc. No
fears aboutthis one going obsolete — now in its
sixth successful year! Send us your name and
address with 24p stamps and we'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, Interak, Interak!

L Greenbank

Greenbank Electronics (Dept. T2E), New Chester Road,
New Ferry, Wirral, Merseyside L62 5AG
Telephone: 051-645 3391

You can depend on

i

(EecTROVELUE

for your supplies of
world famous
QUALITY
COM PSNENTS :
y

SIEMENS

' - 3 and other LCs
leading .

2 PAGE A\\ names ®seml
FREE CATALOGUE conductors
Write, phone or call o Moz
@ Priced & illustrated " @inducto
‘@ Over 8000 items rs
‘@ Real discounts @ ferrites

® Prompt despatch o connectors

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 INA
Telephone 061 432 4945
Please mention this publication when replying

BRITAINS FOREMOST QUALITY COMPONENT SUPPLIERS
ETi FEBRUARY 1986




LETTERS

READ/\

A Quick Conversion

Dear sir,

About twelve months ago | was
showing a young friend how to
make a simple speed controller for
a model railway. He was soldering
components in place while |
looked on. During the
conversation | mentioned that
although the limit of my
electronics knowledge was in front
of him I had always wanted to
make a synthesiser. His reaction
resulted in the immediate
cessation of the model railway
scheme and the beginning of a
long but eventually fruitful project.
After several false starts, burnouts
etc, the project began properly in
March ‘85 and resulted in the
completion of two inexpensive
modular monophonic
synthesisers.

Having explained that, | will
move on to the reason for writing
this letter. At the outset | was quite
surprised to find that construction
information was available at
mea%re cost, with no obligation to
purchase kits or components.
Helpful advice was freely given
with occasions when staff and
customers all pitched in together
— itdid not seem to matter
whether | spent 20p or £20. Finally
the return of post, first class, from
suppliers was amazing.

I would like to thank all
concerned at the following:
Digisound, ETI, Emix, Lightning
Electronics, Maplins and
Technomatic.

In return for the above you
have gained two more dedicated
electronic music enthusiasts.

Yours faithfully,

Jim Read,

Birmingham.

Mr. Read was good enough to send us
a photo of one of the synthesizers
which, unfortunately, we can’t print for
lack of space. All we can say is ‘thank
you for your thanks’. — Ed.

ETI welcomes all queries, letters and
contributions large or small. Any letter
we receive is Iiab?e to be published
unless marked ‘Not For Publication’.
We reserve the right to edit letters for
reasons of space.

Please send any letters and
contributions to ETI, ASP Ltd.,
1 Golden Square, London W1R 3AB.
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AUNTIE STATIC’'S PROBLEM CORNER

Dear Auntie,

I have just finished building a
DC-coupled audio amplifier but |
can’t take the project any further
because | don’t know how to
adjust the ‘DC offset’ controls.
What is DC offset and how do |
adjust it?

Yours sincerely,

Edward Park,

London N7.

DC offset is a vague term with
different meanings in different
situations. In general it is used
whenever the DC voltage in a circuit is
not quite what you’d expect or when it
has to be shifted for some reason.
Rather than attempt a dictionary
definition, Ill give you a few examples.

The DC level at the loudspeaker
output of your amplifier should be 0V.
If it is not at 0V, we can say that there
is a DC offset at the output. This is not
a desirable state of affairs because
there will always be a current flowing
through the loudspeaker, even when
no signal is present at the amplifier
input.

If the offset voltage — and hence
the current — is small, the effect will
be to bias the loudspeaker cone off
centre so that its signal handling
capability is reduced. Larger currents
from greater offset voltages can cause
overheating and permanent damage to
the loudspeaker and crossover
components. The DC offset controls
allow you to adjust the DC output
voltage to zero, to avoid these effects.

Another place you will often see
offset voltages mentioned is in the
specifications for op-amps and
comparators. Here it refers to
something slightly different: the input
offset voltage.

An op-amp amplifies the voltage
difference between its inputs. If you
were experimenting with op-amps for
the first time you might very well
expect that if both the inputs were at
the same voltage, the output would be
at OV. It's what the theory says, after
all!

If you've actually tried it, you know
that the outp ut will swing to one or
other of the supply rails because the
circuitry of the two inputs can’t be
precisely matched in the op-amps
characteristics. If you had a power
supply that could be adjusted to give a
few mV at the output, you could

connect it between the two inputs
and adjust it until the output of the
op-amp was at exactly 0V. The vyoltage
from the power supply would then be
the input offset voltage of the op-amp
— the voltage that must be applied
between the inputs to obtain zero
output voltage.

in many applications the input
offset voltage of an op-amp will not be
of much practical importance, but it
does have a bearing on the way op-
amp circuits are designed. Take a look
at Fig. 1.

Fig. 1 Op-amp configurations

The two circuits are the same
except that C2 is added in series with
R3 in the second. Which is best? For a
gain of 10 or so there’s not much to
choose between them; you could
make a case for the second being
marginally inferior because of the
slight low frequency roll-off
introduced by C2. If you are aiming for
a gain of 1000, however, it's a different
story. In the first op-amp circuit, the
input offset voltage is seen as a DC
input to the op-amp and will be
amplified in the same way as a proper
signal, so the output will be several
volts away from OV.

‘Typical’ offset voltages would be
about 2mYV for a bipolar op-amp
(giving a 2V offset at the output), 5mV
for a FET input op-amp, and 15mV for
a CMOS op-amp (giving a 15V offset
at the output!). Inclusion of the C2
prevents the input offset from being
amplified, and so the second circuit is
much better for high gain applications.
— Auntie. 3
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ALL ON BOARD

Barry Porter concludes his teach-in on PCB design.

now start again. Take another sheet of graph

paperand draw the board outline and fixed com-
ponents in ink. Then, being careful to follow your
previous pencil layout, draw just the component outlines
inink. By separatingthe components from the confusion
of tracks, it is possible to get a good idea of how the final
board will look. At this stage you should be quite objec-
tive:arethe componentsevenlyspread outoverthe PCB

H aving arrived at an acceptable layout, you should
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Fig. 8 The final layout from the component side
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area, or are they in overcrowded clumps, leaving large
areas of unused board? Is everything as neat as it could
be, or are there staggered rows of components and wire
links all over the place? Are all the component dimen-
sions accurate, so that everything can be correctly
mounted? If you are not totally satisfied, now is the time
to carry outanyfinal corrections, somakeanychanges by
drawing a new board outline, with the modified compo-
nent placings, making sure that the movement of any
component does not upset your carefully planned track
layout. Once the final component positions have been
established, the track layout should be added, using
pencil or coloured ink, so that you arrive at a final layout
master similar to the example shown in Fig, 8.

After a final check to ensure that the layout agrees
with the circuit diagram, the first artwork master may be
produced. Often referred to as the ‘tape and dot’ stage,
this is simply a double-sided replica of the copper areas
which will be on the finished circuit board, and is pro-
duced by sticking self adhesive opaque tape and other
symbols onto a sheet of plastic drafting film, using the
graph paper layout as a guide.

The first stepis to lay claim to atleast half the kitchen
table (persuade junior that mud pies look much niceron
abedroom window ledge) towhich you firmlyattach the
graph-paper master with masking tape. Take a sheet of
drafting film whichis atleast an inch larger all round than
thecircuit board outline and firmly tape thisalongits top
edge sothatit covers the graph paperlayout. If possible,
use drafting film which is matt on both sides. If yours has
one shiny side, this should be kept as the underside.

Those who have only been reading this to find out
why you were told to purloin some talcum powder, take
heart — your moment has come. If your drafting film is
typical of just about every other sheet of drafting film in
the universe, it will be covered with enough greasy
fingerprints to keep the whole of Scotland Yard amused
foryears. Thisbeingthe case, take your precious powder
(no, dear, youdon't need the puff...) and give the sheet
offilmalightdustingandaquick rub witha piece of clean
tissue before blowing any surplus in the general direc-
tion of the budgie’s cage.

The Last Stage

You are now ready to begin the layout proper, for
which you will require a supply of opaque adhesive
pads, tapes and other shapes in an assortment of sizes.
For working at a 2:1 scale, the following should be a
minimum set:

PADS: 0.2” diameter and 0.15" diameter (the
smaller ones for ICs).
TAPE: self-adhesive black crepe tape in widths of

0.06”,0.08” and 0.1"".
SHAPES: right angle elbows and T-pieces in the
same three widths.
These materials should be available from any draw-
ing office supplies shop.
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FEATURE: PCB Design

The first stage is to place the pads in position on the
film, and this is where a good pair of tweezers will prove
invaluable. Make sure that each padis placed accurately
in place so that its central hole is aligned with the cross-
ing pointof the relevant graph paperlines. Formaximum
accuracy, the Jayout should be carried out over a preci-
sion grid placed on a lightbox. This can lead to mistakes,
and the finished artwork should always be checked by
placing it over the graph paper master. For most pur-
poses, graph paper is sufficiently accurate to use as the
guide for pad placement.

When all the pads are in position, place a second
sheet of drafting film overthe first,and place a furtherset
of pads on this. Stick small pieces of 0.1” wide tape on
each pad, covering the central hole. Draw in the corners
of the circuit board, and you have created a solder resist
mask. Return to the first ‘dotted’ sheet of film and add
the interconnecting tracks, using suitable width tape.
Where track density is fairly low, use at least 0.1” wide
tape. For low impedance connections, such as earth or
powersupply rails, outlinethe copperareawithtapeand
fill in with red transparent tape, which is considerably
cheaper than track tape.

Having arrived at an acceptable layout,
you should now start again ...

Don't forget to accurately mark the board edges —
the accepted way of doing this is to mark each corner
with a right angle using tape. Obviously, this is not
necessary if copperis taken to the edge of the board. Be
sure to show the scale of the artwork and finished board
dimensions in an unambigious way. Always put a board
name or number on the copper layout, as this ensures
that you don’t end up with back to front boards. If, as
suggested, your layout has been carried out as viewed
from the component side of the board, the annotation
must be on the reverse side of the track artwork. Let-
raset or similar lettering should be used, and covered

withastrip of mattadhesive tape for protection. Double-
sided boards require a separate artwork for the top
tracks, andthisis easily preparedif the bottomartwork is
used as a guide for positioning both pads and tape.

The component identification artwork requires a
further sheet of film which should be placed over the
graph papermaster. Usinga1.0mmdrawing pen,drawin
the component outlines, using a stencil for small circles
and a raised edge rule for straight lines. Unless your
handwriting is up to ordnance survey standards, compo-
nentidentification numbers should be added by usinga
3.0mm stencil and appropriate sized pen.

Once your artwork layers are complete, obtain a
photocopy of the coppertracks on whichtoindicatethe
various hole sizes you require. As a guide to this, most
resistor and capacitor mounting holes will be 1.0mm,
and IC pads wiﬁ require 0.6mm holes.

Now take your completed set of artworks and check
everything at least twice before despatching them to
your chosen PCB manufacturer.

Having just a few circuit boards made is not cheap,
and a large proportion of the cost is in the photographic
reduction work. This part of the process can often be car-
riedout,ataconsiderable saving, byafriendly litho print-
ing company who have their equipment in constant use
and are usually less inclined to charge silly prices for
what is, after all, a relatively simple operation.

Before placing your order with a firm of circuit board
manufacturers, establish what their total charge is likely
to be, and don’t be afraid to admit to your lack of
experience and/or money. They are the best people to
advise you about board thickness and copper weight,
and to point out any shortcomings with your artwork —
but don’t blame them if, after all your efforts, your first
circuitboard explodes witha cloud of smoke. When that
happens, itreally is ‘back to the drawing board ...". But it
is still well worth the additional effort. It is a rewarding
experience to turn out a good, well-planned circuit
board. It's worth bearing in mind that there is no such
thing as a professional circuit board designer who has
not, at one time oranother, made an error— sodon’t be
too hard on yourself. If you really want to get it right, you
may have to start from scratch and do it again until it is
right. If you've been careful, and thought it all through,
you'll get there, very probably on the tgirst attempt.

Fig. 9 The actual foil pattern — copper side.
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DESIGNING

TRANSISTOR

STAGES

Les Sage concludes his investigation of simple transistor stages
with a round-up of some useful two-transistor configurations.

one transistor. A second transistor, however, can
bring abouta dramaticimprovementin one aspect
of circuit performance — if used judiciously.

Figure 9 shows a simple and economical method of
achieving higher gain, just by running two stages together
in series. Since neither stage has any emitter degenera-
tion, the total gain (the product of each individual stage
gain) can be very high indeed — around 5000 in this
case. With such a hi%1 gain, it is important to keep the
power supply smooth. In most applications, the power
rail should be decoupled with a small series resistor and
a parallel capacitor. It should also be noted that the DC
operating point of each transistor is depdendent on its
hge figure, so that R1 and R3 may need to be changed for
individual transistors. General purpose NPN's are suit-
able, but each transistor will demand attention to these
resistor values — so no recommendation has been
made.

S ofarallthe circuits we've looked at have used only

J J I J -0 +12V(Vec)
R1 < <R2 <R3 < R4
3M9 < " 6k8 S 820k < 2k2
’ : : GAIN, A:
AC 5000
@ DC UNSTABLE
| OUTPUT:
o— { - NON-INVERTING
} ¥ IMPEDANCE, Z
I c2 1/P MEDIUM
e 01 iy 0/P MEDIUM

———O 0V

Fig. 9 Economic hiFh gain amplifier. (Note: all circuits use
general purpose silicon transistors operating at lower
power AF or RF frequencies).

In fact, the circuit can also suffer from high distortion
and demands low level signals in and out. Its only virtue
is simplicity, and that is not outstanding.

A few extra components can make all the difference,
as in Fig. 10. This is a universal gain block which finds
manyapplicationsinaudioequipment, particularlyasan
input stage in high quality amplifiers and as the basis of
equalization stages. It utilizes the very high gain of atwo-
transistor stage to provide negative feedback (via R6).
The eventual gain is considerably reduced, but the cir-
cuit is much %ess prone to noise, distortion and the
idiosyncracies of transistors than that of Fig. 9.

The operating point of Q2 is set by the emitter resis-
tor, R5, while R4 determines the open-loop output
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O +12V

GAIN, A

AC 46

DC STABLE
OUTPUT:
NON:INVERTING
IMPEDANCE, 2.
/P HIGH

o/P LOW

Fig. 10 Low noise, low distortion.

impedance (that is, assuming no feedback). DC feed-
back is run separately from AC feedback via R3. This
biases Q1 andgives thecircuit very good DC stability. R1
has a relatively high value to give the circuit low noise
performance which is better than that of most op-amps.
The feedback resistors, R6 and R2, setthe overaﬁ gain at
(R6+R2)/R2 (in theory, 46.45). The negative feedback
through R6 also controls the input and output impe-
dances. The lowerR6 is, the more feedback there will be
and the lower will be the output impedance. Lowering
the value of R6 also increases the circuit’s input
impedance. This ability to determine a low output
impedance and a high input impedance using one com-
ponent is very desirable in audio circuits. It can also be
exploited to design equalizing stages by replacing R6
with a suitable RC network, and such circuits are fre-
quently found in RIAA equalizers.

GAIN, A

AC45

DC 45

OUTPUT:
NON-INVERTING
IMPEDANCE, Z:
1/P HIGH

0/f VERY. LOW

O

Fig. 11 Low gain, very low distortion.
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FEATURE

Really Negative

Negative feedback is further exploited in the next
two configurations. In the circuit shown in Fig. 11, the
feedback is enormous, with the result that gain is very
low and distortion is even lower. The circuitis popularin
high quality pre-amps. With DC coupling as featured gain
must be keptlow inorderto prevent DC operating point
drift. The gainisactually determined by R5 and R4 and is
given, approximately, by (R5+R4)/R4, If gain is altered
by changing these values, then R1 and R2 will also need
tobealtered to bring the output DC pointtoaround half
thesupplyvoltage. Likethe previouscircuit, this one fea-
tures high ingut impedance (thanks largely to the
negative feedback in the Q1 circuit) and low output
impedance. In this case, the output impedance is very
low at a few tens of ohms. Once again general purpose
transistors can be used, rememberingthat Q2 is PNPand
both transistors should be low noise varieties for audio
work (BC182 and BC212, for example).

The next circuit (Fig. 12) features significantly higher
gainatthe cost of worse performance fromthe noiseand
distortion point-of-view. The circuitis very similarto that
of Fig. 11, but has separate DC and AC feedback paths.
The DC gain is unity and the AC gain (determined by
feedback resistors, R4 and R5) is around 20. AC gain is
given by (R4+R5)/R5 and can be adjusted over a wide
range without significantly affecting the DC operating
point.

OUTPUT:
NON-INVERTING
IMPEDANCE, Z:
I/P HIGH

O/P VERY LOW

- . T a7u l

~O ov

Fig. 12 DC stable, low distortion (Note: Q2 is PNP).

Distortion tends to increase with gain, but can be
keptdownbythe use of complementary transistors (the
BC182/BC212 pair would be suitable here). As with the
Fig. 10 circuitabove, frequency response canbe tailored
to the user’'s requirements by including reactive net-
works in the feedback loop. If the gain is lowered too
much at HF, circuit stability might suffer with spurious
oscillations as the result.

Both of the last two circuits depend heavily on feed-
back and may tend to oscillate if they are required to
drive a large capacitative load. It is a wise precaution to
include a small series resistor of around 100R at the out-
put — especially if driving a screened cable.

Doing It With More Frequency

Amplifying frequencies above, say, 100kHz demands
different techniques, as touched uponin discussing the
common base amplifier in ETI, December 1985. Video
frequencies go from DC to around 10MHz (although
5.5MHz is the maximum broadcast frequency) and we
need to consider how to prevent deterioration of perfor-
mance over such a considerable bandwidth.

The circuit shown in Fig. 13 has been designed with
the main considerations for any high bandwidth amplifier
in mind. Firstly, it features optimum collector current for
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maximum current gain/bandwidth product. An increase
in emitter current (and therefore collector current) pro-
duces a decrease in the dynamic resistance of the base-
emitter junction of a transistor as viewed from the base.
This parameter is known as h,, and is related to the
dynamic resistance of the base-emitter junction as
viewed from the emitter (or, r) by the following
equation:

hie = (hfe+1)re-

The decrease in h,, with increasing emitter current
follows from.the approximate equation:

hie = (h¢.25)/1¢

which itself follows from the relationship mentioned in
the first part of this series (ETI, November 1985) bet-
ween r, and [

re= 25/lg, where lg is in milliamps.

Unfortunately, as collector current increases the
effective base-emitter capacitancealsoincreases dueto
aphenomenon known as base-stretching. Itis the base-
emitter capacitance, C,,, which determines the high-
frequency current-gain of a transistor and the cut-off
frequency (the pointatwhich transistor currentgainfalls
by 3dB). The cut-off frequency, in fact, is defined as the
frequency at which C,. and h;, are equal, while the tran-
sition frequency, f; (ETI, December 1985), is defined as
the frequencyatwhich current gain, h, falls to unity. The
transition frequency is roughly equal to the product of
current gain and cut-off frequency.

Clearly, there will be an optimum collector current at
which C,. going up meets h,, coming down. In practice,
this currentis between5mAand50mAandisthevalueat
which the transition frequency of the transistor is at its
maximum,

Another consideration involved in the design of the
Fig. 13 circuit is the inclusion of a low-level load resistor,
R3. As well as helping to achieve optimum collector
currentin Q2, this serves to minimize the time constant
of the output of the stage.

The circuit shown in Fig. 13 achieves a bandwidth of
more than 40MHz although, like mostvideo circuits, it is
a heavy consumer of current. It also has a low input
impedance. Transistor Q2 is configured as a common
base amplifier giving a good voltage gain up to the transi-
tion frequency. It is fed by Q1 providing current gain
alone and therefore not susceptible to bandwidth
limitation. In fact, Q1 is configured as an emitter follower,
giving a suitable low output impedance to match the
subsequent stage. Resistor R3 provides a low load for
Q2. The circuit resembles a standard cascode amplifier,
but gives superior performance. It should be remem-
bered thatlayoutand supply decouplingare very impor-
tant with any HF amplifier.

—0 +12v
m %;
18 91
c1 = o/P
100n GAIN, A
AC 45
DC 45
OuUTPUT
NON-INVERTING
IMPEDANCE, Z
1/P LOW
i 0/P MEDIUM
R2 l"’cz
82R I 10u
O— -0 ov
Fig. 13 Video amplifier (Note: both RF, Q1 is PNP). J’

21



The main drawback with this circuit is its use of series
feedback to control the gain. Series feedback provides
excellentbandwidth, but atthe costofincreasing output
impedance. Fig. 14 shows a circuit using two NPN tran-
sistors configured as common base and emitter follower
stages and employing parallel feedback. Here, the feed-
backpathis providedby R4 and R3. Thecircuit hasavery
low output impedance, although its high frequency
response is weaker than that of the Fig. 13 circuit. The
open loop gain of this circuit is given by R1/(R2//R}),
where R, is the source resistance. Closed loop gain is
effectively (R4+R3)/R3.

O +12V

Q2 GAIN, A:
AC56
DC56
OUTPUT:
NON-INVERTING
o 0o/ IMPEDANCE, Z.
o I/P LOW

0/P VERY LOW

R3
100R

Fig. 14 Video amplifier.

The next circuit (Fig. 15) is a more-or-less conven-
tional cascode amplifier with Q1 in common base mode
and Q2 connected as a common emitter. The common
emitter provides current gain and feeds the common
base which provides voltage gain. The arrangement
produces a high power gain. With the base of Q1 held at
aconstantvoltage, V.. for Q2 isalso constant. This avoids
the effects of Miller capacitance (ETI, December 1985)
and so the normal deterioration of frequency response
of a common emitter stage does not occur.

-0 +12v
R1 S R3
1k8? k0
[ o/
4 GAIN, A:
Vv Qi AC 12
R4 DC g
5k6 OUTPUT:

e NON-INVERTING
10u IMPEDANCE, Z:
3 1/P MEDIUM

0—' '—’V;/VL > Q2 0/P MEDIUM

rd
L

5
470R R2
A eaoR% T no
G

Fig. 15 Very linear cascode stage.

O oV

The configuration is widely accepted as a very high
frequencyamplifierdisplaying extremely good linearity.
This feature is useful for qualityaudio, and the circuit can
often be found in amplifier systems.

In this circuit, gain is controlled by parallel feedback
viaresistor R4, lowering the open-loop outputimpedance
and successfully stabilizing the circuit. Improved fre-
guency response can be obtained by omitting R4, short-
circuiting R5 and placingaresistorin the emitterof Q2 to
provide series feedback. This will increase both the
input and output impedance.

Vive La Difference

The circuit shown in Fig. 16 is commonly called a dif-
ferential (or operational) amplifier, although it was once
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universally referred toas a‘’long-tailed pair in deference
to the joint emitter resistor. In this configuration, the
input signal is applied across thetwoinputterminalsand
the outputistakenfromacrossthetwooutputterminals.
If there is no potential difference across tﬁe two inputs
(both being positive for conduction to take place) and
assuming the transistors and collector resistors are iden-
tical, then both halves of the circuit will conduct equally
and there will be no difference across the output ter-
minals. The input here is described as common mode.
Referred to ground, each output terminal produces an
inverted version of theinput at again givenby theratio of
one collector resistor to twice the tail resistor (in the
example, about unity).

Now, imagine thatinput 1 is made slightly more posi-
tive than input 2 — either by increasing the applied DC
voltage or through the application of an instantaneous
AC voltage. More current will flow in the collector-
emitter circuit of Q1 and the voltage across R1 will
increase. Referred toground, the voltage onoutput 1 will
fall and a potential difference will appear between out-
puts T and 2. This potential will be proportional to the
potential acrosstheinputsand will beinverted (output 1
voltage decreasing as input 1 voltage increases). The
same reasoning applies if input 2 voltage is changed,
with the net result that the output of the circuit will be
proportional to the potential difference across the
input terminals.

Assuming that the tail resistor is large enough (much
greater than the dynamic emitter resistance of the tran-
sistors, r.}, then the potential drop across the inputs can
be expressed in terms of emitter current and 2r.. In this
way, it becomes clear that the output can be taken from
only one collector with reference to ground and still be
proportional to the potential difference across the two
inputs.

pIn fact, this depends on the tail resistor acting as a
constant current source, which it will do if it is large
enough. Looked at in this way, the voltage drop across
the resistor remains constant and the current flowing
through it remains constant — which actually applies
only when small voltage changes take place. As long as
R3 can be considered a constant current source, any
change in collector and emitter current in one transistor
will be exactly matched by an opposite change in the
other. Currentis diverted towhichevertransistoris more
heaviéy biased into conduction and, using a single-
ended output, one input becomes an inverting input
andtheothernon-inverting. Ineffect, R3 is decoupledto
difference signals across the input terminals while com-
mon mode signals produce a voltage across it thereby
providing negative, gain-reducing, feedback.

For difference signals, the differential amplifier has a
very high gain, given approximately by the formula
101;R,, where l;is tail current and R; is one of the collec-
tor resistance values. The compromise involved here is
due to the fact that, in our circuit, a high tail current is
incompatible with a high tail resistance value. In prac-
tice, differential amplifiers tend to be designed with
genuine current sources in the tail (usually a fully
stabilised transistor circuit producing a quiescent
collector current).

The most important feature of differential amplifiers
is their common mode rejection, which ensures that
thermal noise, drift and any similar voltage disturbances
common to both transistors are ignored during amplifi-
cation. The measure of adifferentialamplifier's quality is
its common mode rejection ratio (CMRR), given by the
ratio of difference signal gain to commmon mode gain
and usually expressed in dBs. In the Fig. 16 circuit, the
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FEATURE: Stages

CMRR would be between about 20 and 40 dBs — an
unimpressive figure, given contemporary op-amp CMRRs
in excess of 100dBs. The simplest way to improve the
CMRR would be to increase the value of R3, but this
would require higher supply voltages (or even a split rail
supply) to maintain tail current.

—_—0 12V
R1 R3
3k3 3k3
b———F——00o/P1
GAIN, A;
> ——0/P2 AC VERY HIGH
DC VERY HIGH
QUTPUT:
P O Q1 Q2 1 NON-INVERTING
IMPEDANCE, Z:
1/P HIGH
O/P MEDIUM
o,
R2
1k5
o : O ov

Fig. 16 Basic differential amplifier.

Conclusion

The few circuit blocks described in this series should
showthe wealth of design opportunities forthose willing
to work with discrete components. The important thing
to remember is that a circuit can be readily designed for
practically any given purpose, if first you are clear as to
the requirements that will be made of it. Once the
general outlines have been understood and a configura-
tion decided on, the calculation of component values
can proceed with recourse to little more than Ohm'’s
Law. Rather than tie yourself up with complex mathe-
matics (unless, of course, that is what you enjoy) a circuit
block can be produced with the aid of some common
sense,afewrulesofthumb, afewsumsandaclearidea of
what you want. The final stage in the process, of course,
is to build your design and test it. You will, undoubtedly,
find that minor adjustments need to be made to your
componentvalues, butif youpayheedto the advice that
a little observation and measurement is worth a ton of
theory you will almost certainly produce circuits which
work and work well. The theory may produce working
circuits, but only the practice will make them perfect.

ETI
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CTEST

EQUIPMENT

Analogue electronics is considered by many electronic engineers
to be a black art, and the testing of analogue circuits even
darker. W.P. Bond casts a little light.

circuits, the main limitation on their design is the

ingenuitKof the designer. Itis difficult to lay down
any single technique which would work for all possible
analogue circuits. Theautomatictestequipmentusedto
testanalogue circuits mustallow for a variety of different
techniques and has to be capable of being modified to
provide a range of input stimuli and response measure-
ment configurations. Such ATE is usually described as
modular.

Modular ATE will incorporate a standard instru-
ment bus (most commonly, the |EEE 48 or General Pur-
pose Interface Bus, GPIB) and all the test instruments
required can be hung on the bus. The instruments are
controlled by the ATE program and are routed to the unit
under test (UUT) by a set of scanners — for example, a
relay matrix. Each instrumentcan be considered a mod-
ule of any given testing configuration. Each testing con-
figuration would employ a particular set of modules
—typically including programmable power supplies,
programmable DC sources, an AC source, a digital
voltmeter, general purpose or reed relays, a phase angle
voltmeter and logic units to perform drive and sense
functions. Specialist modules would include spectrum
analysers, synchro sources and pulse generators. For
obvious reasons, suchamodularsystemis often referred
toas‘rackand stack’,and atypical configurationis shown
in Fig. 24.

B ecause of the specialized nature of most analogue

Having A Breakdown

Thecircuitto be tested is broken-down into functional
blocks for which we have defined test procedures.
Figure 25 shows a basic block layout for a data acquisi-
tion subsystem, consisting of input buffering, input
multiplexing, sample and hold, analogue-to-digital con-
version, output buffering and control/decode logic.

This last block should be tested first in any circuit in
which it features. Signature analysis (ETI, December
1985) or static truth-table testing could be used. Input
buffering and multiplexing come nextand are tested for
insertion loss and crosstalk errors. All MUX inputs are
grounded and the addresses are stepped through in
sequence until all channels have been selected.

Insertion loss results from the inclusion of networks
and functional blocks in a signal path. It can readily be
measured by comparing output with input (voltage,
current or power) and if the result is outside acceptable
limits, the measurementcanbeinterpretedasindicating
a fault within the network or functional block. Similar
comments apply where insertion gain might be expec-
ted from the inclusion of amplifying stages in a circuit.

24

In our example, the output of the multiplexer would
be monitored assuminga fixed input. If the analogue-to-
digital converterinthe circuitoperatesat afull-scale (FS)
of 10V, insertion loss might be tested at +FS,-FS and OV.
The limit for acceptable loss in this sort of circuit would
usually be set at the voltage equivalent of one least-
significant bit (1 LSB) — with a 12-bit bipolar ADC
operating over a 20V range this would be 20V/4096
or4.88mV.

As each channel is tested for insertion loss, the other
inputs are grounded. Tests for input shorts and multi-
plexer selectivity (channel isolation or crosstalk) can be
carried out at the same time since, if any channel is not
isolated when another is selected, the output of the
multiplexer will be loaded. Pin faults can also be detec-
ted during this procedure.

The sample and hold (S-H) circuitry is tested next. Its
function is to hold the instantaneous (sampled) input
voltage constant while the ADC is converting it. All tests
after the MUX will usually be made with a signal routed
through one particular channel so that known channel
losses can be accounted forand kept constant. Intesting
the S-H block, it is desirable to have low offsetin sample
mode with OV and +/-FS as suitable input voltages.
Acceptable errors are specified in manufacturers’ data
sheets. |tis easierto check S-H hold performance by per-
foming a conversion than by dynamically measuring
the drift.

vDU
PRINTER
ETC.

ROCESSOR
PROCE!

BUS
AND
PROGRAM <:>CONTROLLER
STORE

IEEE 488 CONTROL BUS

COUNTER
BVM =y TIMER

U 1 Tl

INSTRUMENT BUS

SYNCH

SWITCH MATRIX

% > uuT
uur INTERFACE

Fig 24 Analogue test-bed.
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Fig. 25 Data-acquisition system.

Testing The Converter

A comprehensive test on an ADC block can be very
complex. First, offset and gain adjustment should be set
according to manufacturers’ directions. After adjust-
ment, the OV offset should be tested to check that it is
within 1 LSB. Offset (or zero scale) error is a measure of
the difference between theoretical and actual behaviour
of an ADC at zero input voltage. As Fig. 26b shows, the

effect is to shift the transfer characteristic of the ADCto
the right or left. Offset is determined as the difference
between the theoretical and actual input voltage at
which the output of the ADC switches from zero to one
bitand can be expressed asa percentage of the full-scale
voltage. It is usually adjusted to %2 LSB, at which value
quantization error is minimized.

Gain (orfullscale) errorisameasure of the difference
between thetheoretical and actual behaviourofan ADC
at an inﬁut equal to full-scale (Fig. 26¢). The effectis to
rotate the ideal transfer characteristic about the origin.
The error is determined as the difference between the
theoretical and actual input voltage at which the output
switchesto full-scale and is expressed as a percentage of
FS. Gain error is sometimes adjustable to zero in the
circuit, but where it is greater than 1 LSB and is not
adjustable, it will have to feature in later calculations.

The single most important error when it comes to
determining the performance of an ADC is linearity
error. Itis a measure of the maximum deviation of actual
performance from the theoretical straight-line (Fig. 26¢).
itisanintrinsic feature of the ADC anc?cannot be adjus-
ted, and it should be measured after offsetand gain have
been calibrated. It is expressed as a fraction of LSB oras
percentage of FS and it is tested for by checking actual
ADC output against expected output for a range of
definite input voltages. Tﬁe numberand value of the test
voltages are fixed only by the degree of accuracy
desired.

The final test for ADCs is for differential non-linearity
(DNL) which will reveal missing codes. Differential non-
linearity implies that the ADC will display non-monotonic
behaviour and it is, if it exists, an intrinsic feature of the
particularADC. Theideal stepsizeforany ADCis 1 LSB. A

ETI FEBRUARY 1986

deviation from this ideal may result in some codes not
appearing at the output at all (Fig. 26d). The important
parameteris code-width —thatis, the voltagerange over
which a given code will be output. itshould be clear that
acode width of 1 LSB gives a differential linearity error of
zero — in other words, it will result in exact bit-wide
steps. A code-width of between %2 LSB and 1% LSB gives
an error of %2 LSB, which is usually acceptable. If the
code-width is less than %2 LSB or greater than 1% LSB,
then — to all intents and purposes — the same code will
be output for more than one transition voltage. in other
words, there will be missing codes.

Testing for code-width usually demands a program-
mable DC voltage source with a high resolution (at least
1mV). By gradually incrementing the voltage applied to
an input in, say, 1 mV steps it is possible to count the
number of steps between actual transition points and
compare the count with the theoretical code-width
representing 1 LSB in mVs. An error can then be used to
generate a fault message. The accuracy is dependent on
the precision with which the transition voltages can be
determined. Differential non-linearity only relates to
adjacent codes. Inorderto obtainacomprehensiveidea
ofthe DNLof an ADC itis, of course, necessary to test at
every transition point.

The final test in our example circuit would be on the
output buffer. The required procedures have all been
dealt with before, so | won’t repeatthem. The principles
outlined above fortesting anar())gue units can be readily
modified for the testing of practically any such module.
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THE DIGIBARO

Raise your glasses to a
digital barometer design
from Ken Wood.

barometer which provides a

digital readout of >
g (0] MULITPLEX — D%‘FV'ER

T he Digibaro is an electronic

atmospheric pressure over OSCILPATCR >
the range 845 to 1098 millibars. It | -
is temperature compensated,
operates from the mains, and
includes a separate LED display to | DETECT
indicate whether the pressure last TEMPERATURE DISPLAY
rose, fell or has remained steady. eop!
Adjustment is provided to allow it l (aKle)
to be compensated for height B
above sea level. PR NS ORC [ |CONDITIONINGI—#  CON”
Figure 1 shows the block
diagram of the Digibaro. The
output from a silicon piezo-
resistive pressure sensor is
amplified and fed to some
conditioning circuitry which
provides the temperature Fig. 1 Block diagram of the Digibaro.
compensation. The output is then
fed to an analogue-to-digital

Q0>
22
)
5

SEGMENT
DRIVER

HHH

ALTITUDE
TRIM

converter. The display system 1 ! ! v
consists of a four digit multiplexed PINTA  PINTB PN -
LED display, decoding being NG Pne PN S o
performed by the program in an 4 ! ) P ik festan
EPROM. The trencfof any pressure ° o 10 1 a0y T
changes is detected and also romvacoaue) L 2 L —opg| [c18- 4060
‘ — >——0 D5
decoded by the EPROM. SECTION) | 200 % & é 00 | ropisav
O D2
7 o)
Construction C A
The circuit boards have been s
designed to fit a snap-together
plastic Verobox, which gives the SacATER foces
finished project a neat e s af g D’* ,
appearance. Other enclosures E . s
could be used if required. ' ; - PN
The first step is to check the — 5 >
mounting arrangements for the ANALOGUE 4 32
transformer. The transformer may RS sl (55
be mounted in three ways — on - ] 2 0%
the PSU board, on the back panel i [ Lo . 5
of the box, or in the base of the 12 HESER = 18y
box. Mounting it on the aluminium | == 6 i <2 FALLING
back panel wi%l improve heat Lo 2fo s a2 ﬁ@%'—o %
transfer, but in the prototype the 3Rk

transformer was mounted on the | ”J;
PSU board. Connections are
available fora PCB mounting

transformer, but if one of these is io. 2 Circuit di f the digital ;
8 allithic ressrmentedkihiat e Fig. 2 Circuit diagram of the digital section.
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PROJECT

HOW IT WORKS

The power supply is in three sections,
one for each of the other parts. The digi-
taland display sections are both fed from
the same winding on the transformer via
BR1 but have independent regulator cir-
cuits. The analogue section requires posi-
tive and negative supplies, and these are
provided by 1C1 and 2 and capacitors
C1-4.The supply forthese is obtained by
a slightly unusual voltage summing net-
work, D1 and 2 and the other secondary
of T1,

The pressure sensor (IC11) must be
compensated for temperature drift and
its output amplified from about 60 mic-
rovolts per millibar to the 10mVv/mb
required to operate the A/D converter.
1C9 produces a voltage which depends
on temperature, and 1C10a uses the
stable voltage reference from the A/D
converter to produce a voltage which
varies in the opposite direction. By mix-
ing the two together a voltage with any
percentage drift with temperature may
be produced, and used to cancel the
effects of IC11 and the rest of the
circuit.

The supply to 1C11 is controlled by
IC10b and trimmed by RV1 to cancel the
major sensitivity of the IC. The differen-
tial output is amplified by 1C12a and
again by IC12b which also subtracts an
offset (adjusted by RV2 and RV3) from
the sense voltage. This compensates for
fixed offsets in IC11, pressure variation
with altitude, and the fact that the voltage
to the A/D converter is zero for 844mb.

The overall amplification is trimmed
by RV4 and noise removed by R30/C11.
IC13 and 14 compare the voltage pro-
duced with the output of the A/D conver-
ter and control whether it counts up or
down.

The A/D converter is actually a D/A
converter used in a feedback loop with a
couple of comparators and a counter.
The counter and D/A converter are con-
tained in 1C17, and the counter is cloc-
ked by the oscillator built around IC15a,
b and c. The counter tracks the input
voltage by counting up, down, or not at
all according to the command from the
comparators. The command is synchro-
nised to the clock by IC16 so that it can
be used by the trend detector.

Any change causes the counter IC18
to reset, and registers its direction at the
RS latchformedby1C19bandc. If, aftera
time, there has been no change, the out-
put of IC18 will go high, disabling the RS
latch and the counter’s internal oscil-
lator. Any further change will start
everything up again,

Thedisplay section has been designed
to be as flexible as possible. The four
digits are multiplexed and scanned by
oscillator IC5 and decoder IC7. The scan
outputs also control the decoder EPROM
1C6, which generates the correct datafor
each digit. The outputs of the EPROM
are buffered by 1C8. The EPROM is pro-
grammed to show the trend and mb
display or to give out-of-range indica-
tions. The multiplex scan is available off-
panel for other applications or may be
generated elsewhere by omitting 1C5.
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PROJECT:

Barometer

live tracks are insulated with
epoxy resin glue after soldering.

Fit all the components onto the
boards, starting with the wire links,
then the resistors, capacitors,
semiconductors, and finally the
bulky parts. Note that some links
and resistors are fitted under |Cs
and the displays, particularly R36
which will need to be a miniature
type to squeeze into place. A
standard resistor could be used if
it is fitted underneath the board.

It is recommended that IC6
and the displays are fitted in
sockets. The use of sockets for the
other ICs is optional. IC3 requires
a small heatsink. The pressure
transducer IC11 should have its
leads carefully bent with pliers, so
that it will fit parallel to the board
over resistors R21-28.

Save the cut off legs from the
resistors and capacitors, and use
them to interconnect the boards.
Fit a good length in each of the
positions passing off the analogue
and digital boards, bent parallel to
the surface. Pins should also be
fitted to the display board, but not
bent this time, standing proud
from the rear of the board.

Make the analogue and digital
boards up into a module by
soldering links into the holes
which have been provided in the
corners. The components should
end uE on the outside surfaces,

links line up with the holes on the
motherboard. When this has been
done, the module can be fitted
onto the motherboard and
soldered. Trim off any excess from
the links. Alternatively, you can
use SiL PCB sockets on the
motherboard and just push the
bent links into them,

“ @ 8 b ey a5 1)

sandwiched onto the
motherboard in much the same
way. Some delicate soldering is
required here as the fifteen
soldered points appear between
the panels. Make sure the display
board is parallel to the
motherboard, and as close as is
reasonable without them shorting

with the boards spaced so that the Finally, the display board is together,
PARTS LIST
RESISTORS (%W 5% unless otherwise RV3 10k 15-turn cermet IC15 4011
stated) RVS 10k horizontal IC16 4013
R1 18k cermet 1C17 ZN435
R2-9 100R IC18 4060
R10 4k7 1C19 4025
R11 2k7 CAPACITORS
R12,13, 15 10k 1% metal film c1,3,5,7 47u 25V radial Q1-4 2N3706
R14 36k 1% metal film electrolytic Q5 BC184L
R16,17 1k0 1% metal film C2,4,6,812 10n 5% D1,2 1N4001
R18 6k8 1% metal film polycarbonate D3, 4 1N4148
R19 33k 1% metal film C13 220n 5% BR1 w005
R20 15k 1% metal film polycarbonate LED1, 3 red triangular LED
R21, 22 39k 1% metal film c14 390n 5% LED2 red rectangular LED
R23, 24, 27, 28 1M0 1% metal film polycarbonate LED4 common anode 1%
R25, 26 130k 1% metal film digit LED display,
R29 680R 1% metal film red
R30 330k 1% metal film SEMICONDUCTORS LEDS common anode 2
R31, 33 15k IC1 78112 digit LED display,
R32, 34, 39 10k 1C2 79105 red
R35 8M2 1C3 78M05
R36 47k (see text) 1C4 78L05
R37 82k 1C5 4060 MISCELLANEOUS 9-0-9V, 500mA
R38 390R 1Cé 2732 T mains transformer,
R40 M8 IC7 4555 chassis or PCB-
IC8 ULN2803A mounting (see text)

RV1 5k0 horizontal 1C9 LM3352 PCBs; case, Vero type 202-21041C; red

cermet 1C10, 12 LF412 filter sheet; black plastic sheet; 1C
RV2, 4 1k0 horizontal 1C11 MPX100A sockets; strain relief grommet; mains

cermet 1C13, 14 LF411 cable; heatsink.
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PROJECT: Barometer

The display board is designed
to accommodate a two digit and a
one-and-a-half digit LED, but some
trouble was experienced in
matching their brightnesses. This
can be solved by using a pair of
two digit displays and removing
pins 16-18 from the one in the
most significant position. Cut them
as close as possigle so that they do
not make contact with the socket.

The overall assembly slots into
guides moulded into the case.
Some ventilation holes are needed
in the base and rear panel near the
transformer, and a hole in the rear
panel is required for the altitude
adjustment screw {on RV3). Once
everything is fitted into the case
the screw will sit flush in the hole.

Fit a strain relief grommet
where the mains lead passes
through the rear panel. Some
notches will be needed in the case
moulding to accept the end of the
analogue and digital module.

To finish off, the aluminium
front panel of the box is discarded
and replaced with a piece of red
display filter (see Buylines), and, to
make a really neat job, a mask is
cut from a piece polack plastic or
card and slipped over the LEDs to
hide the circuitry from view.

Testing And Calibration

Set a|l the preset resistors to
their central positions, short out
R30, and switch on. The display
should show something, most
probably ‘ur which indicates
under-range. Four dots mean an
illegal code on the trend sense
lines, in which case the
connections should be checked.

The display may begin counting
up from 845. This is normal
because of the way the A/D
converter works. Once calibrated,
the display will show ‘ur’ on switch-
on, then ramp up to the actual
reading and stop. In its
uncalibrated state, the display is
likely to stay at ‘ur, or count up to
1098 and then show ‘or for over-
range. When the display shows
either under or over-range, the
trend indicators are disabled.

It should be possible to make
the display show a number by
adjusting RV3 — anticlockwise for
‘ur’ or clockwise for‘or. If the
display will not budge from ‘ur, set
RV3 fully anticlockwise and switch
the unit on and off a few times.
Some problems were experienced
with the prototype latching up on
switch on, but this is not a
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problem after it has powered up
satisfactorily.

Having obtained a numeric
display, note carefully how much
adjustment of RV3 is needed to
change the display from one
number to the next, always turning
RV3 in the same direction.
Maximum noise immunity is set
with RV5 by adjusting it so that,
having increased the displayed
number by one, it only returns to
its previous value by turning RV3
back one-and-a-half times as far.

As an initial set up, RV1 and
RV2 may be left in their central
positions. However, if a sensitive
meter is available, RV2 should be
adjusted so that the voltage at its
wiper is the same as V ref.

A crude calibration can be
achieved over a period of time by
watching the TV weather forecasts,
Each line on the chart represents
4mb. Watch how the pressure

— BUYLINES____

The resistors, capacitors and semi-
conductors are all widely available with
the exception of the MPX100A pressure
transducer. There are two companies
who should be able to help here, Hawke
Electronics of Amotex House, 45
Hanworth Road, Sunbury-on-Thames,
Middlesex, tel 01-979 7799, and Macro
Marketing, Burnham Lane, Slough SL1
6LN, tel 06286-4422. The display filter
used in the prototype came from RS
Components, but it shouldn’t be too dif-
ficulttofind other filters which can be cut
to size. Most of the other components,
including the case, came from Maplin,
but there is nothing terribly specialised
here and most of the parts should be
available from other suppliers too. We
do not know of anyone who can supply
programmed EPROM:s for this project,
but a copy of the listing is available in
return for an SAE. The PCBs will be avail-
able from our PCB Service.

changes and adjust RV4 so that
the displayed pressure changes by
the same amount. RV3 can then
be used to adjust for the overall
offset.

Accurate calibration will
require an experimental set-up
similar to that illustrated in Fig. 10.
One millibar of pressure is
equivalent to a difference in
heights of 10mm in the water level

BAROMETER
MAINS LEAD
AND INLET
PORT SEALED
TRANSPARENT, IN16 JERILID
SEALABLE VESSEL /

BLOW OR
SUCK HERE

{e.g. SWEET JAR)

Q-+— TAP

WATER IN U-TUBE TO
FORM A MANOMETER

Fig. 10 Arrangement used to
calibrate the Digibaro.

in the manometer tube. Any old
tubing can be used for this. | used
tubing from a home brew beer kit.
RV1 should be adjusted first.
Use a standard pressure change
(say 50mb — you will be surprised
how hard a blow that is!) an
tweak RV1 until the barometer
maintains a constant scale factor
over a range of temperatures.
Then RV4 can be adjusted so
that, fora 50mb blow, the display
changes by 50. RV3 is adjusted to
bring the display into line with the
weather charts. Remove the short
from across R30. Any adjustments
made now will take several
seconds to affect the display. RV3
may need to be trimmed again.
Any remaining temperature
sensitivity can be trimmed out

with RV2. ETI
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PROJECT

6809-BASED
MICROCOMPUTER

Dave Rumball and Gary Mills conclude their description of the
workings of the computer before going on to consider the
choices facing constructors and the assembly of the two boards.

146818. This part is designed =
for a multiplexed processor 2

address/data bus, but here is
used with a non-multiplexed 04 D5
processor by means of a separate v : m g
address decode for the address 2 _ —i— NICAD
and data strobes. The CE line is | eE a0 24
grounded by a transistor which is
held on by the main +5V rail.
When the system power fails, the 5n0
chip is disabled in order to prevent sxraidl 1
corruption of the data. The clock
has its own internal oscillator

NOTE:

1C21 IS 74LS02

1C27 1S 6818

Q21

D4,5 ARE OAS1

XTAL3 IS 32.768kHz

CRYSTAL

T he real time clock, IC27, is a

which is driven by a 32.768 kHz

crystal to reduce power

consumption. Power for the clock il

is provided by a trickle-charged BAST o- 18

NiCad battery when the main —

power is off. ' 1c27 o=l 8007

The 146818 also contains 64 ~E —

bytes of CMOS RAM which are :

used to hold various system
arameters, such as the serial
aud rates, video timing — n osc1|?

parameters etc. An RC network on g i 1
R35

|
L
3|
=]

X
mi
12
mi
4

W
]
2
L
2

BAD O~
the PS input gives an indication of e K
battery failure. The software =
checks for this condition on power - CIRT) P LED, fevs
up and loads a default set of 5 osc2 i
system parameters if the battery =7 n

power has failed. T ”;HT 2

w

The Display Section

The display section consists of
three parts, the NEC7220A
Eraphics controller IC34, a 128K

ank of DRAM, 1Cs47-62 (not part
of the processor address space),
and some control logic. The
NEC7220A does 98% of the work OOPS!
in producing the video. It

generates the correct d'splaY_ . A capacitor should be added to the serial hasbeenincluded in the overlay diagram
address for the RAM, master timing interface controller oscillator circuit and the parts list in this article.
strobes for reading and writing to shownin Fig.4 onpage 38 oflastmonth’s In Fig. 2 on page 37 of the January
the RAM, and display blanking issue. The capacitor is C30, a 27p poly- issue, XTAL1 is listed as a 10MHz crystal.
and synchrony signals. The sixteen styrene type, and should be connected it shoqld be a 16.000MH2 crystal, as
bit display address is multiplexed betweenpin 32 of1C20 and the 0V line. it stated in the parts list in this article. ,‘
onto the eight bit RAM address by =
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Fig. 1 Circuit diagram of the real time clock.
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fig.h3 Conll‘ponent overlay for the main printed circuit board. The board is double-sided but for reasons of clarity the top foil only
is shown here.
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capacitors around the graphics
memory and IoFic (Cs 12-29)

can be left off if this circuitry is to
be omitted and of course, IC
sockets will not be required for ICs
which are not to be fitted.

One more thing has to be
decided before construction can
begin, and that is whether to use
straight or right-angled plugs and
sockets for the various
connections to the board. This will
largely depend on the choice of
case. Whatever size of case is
used, it will probably be most
convenient to use right-angle
connectors at the rear of the board
and poke them directly through
holes in the back of the case. It
may also be possible to use right-
angle connectors for the floppy
disc port and expansion bus
socket and bring these out directly
to the sides of the case. The
EPROM disc socket, however, is
not adjacent to the edge of the
board, and it may be easier to use
a straight connector here and
punch a slot in the top of the case
to provide access. Those who
really want to keep costs to a
minimum may decide to use the
board without a case, thus
removing all constraints on the
angling of the connectors. One of
the prototypes has been working
perfectly in this way for some time
now, fixed vertically to a wall
above the workbench.

Construction

The boards supplied by Micro
Concepts are electronically tested
for shorted and broken tracks
before despatch. However, given
the complexity of the board, itis a
good idea to examine it carefully
against a strong light before
startinF since any errors which
have slipped through will be much
more difficult to identify once all
the components are in place. It is
also a good idea to check that the
larger components fit comfortably
into their holes. If necessary, the
holes can be enlarged sliEhtly with
a drill, but bear in mind that this
will remove the through-hole
plating and make a note to solder
carefully on both sides of the
board at such points.

Begin by installing the IC
sockets. Although most of the ICs
have to be inserted with pin 1
towards the left-hand side of the
board (the side on which the
video outputs and the battery are
located), a number of them face in
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Fig. 4 Component overlay
for the plug-in EPROM disc
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PARTS LIST
RESISTORS 1C14, 38 741500 $K1, 2 20-way IDC header
R1-5 10k IC15 7404 plug, straight or
R6 100k IC16 7415139 right-angle
R7-17,43,44,46 22R 1C17 7415138 mounting (see text)
R18 68R 1C18, 45*, 46*, 67, 7415244 SK3*, 4* 25-way D socket,
R19, 20, 23, 24, 26* 68 straight or right-
31, 39-42, 45, 1C19 68821 angle mounting
47-49,52* 54-56 1kO 1C20* wD2123 (see text)
R21, 22, 27-30* 330R 1C21 741502 SK5* 36-way IDC header
R25*%, 32 1M0 1C22* 75188 plug, straight or
R33 1k2 1C23* 75189 right-angle
R34 2k0 1C24* WD1770 mounting (see text)
R35 5Mé6 1C25* 7407 SKé6* 26-way PCB header
R36 150k 1C26* 7406 plug, straight or
R37 3k9 1C27 6818 right-angle
R38 1k5 1C28* 8255 mounting (see text)
R50* 51* 2k2 1C29* 7418393 SK7* 26-way PCB header
R53* 10R 1C30-33* 27128 socket
1C34* NEC7220A SK8* 4-way PCB header
RP1 10k x 7SIL resistor 1C35* 7418175 plug, straight or
pac 1C36 741504 right-angle
RP2* 1kO0 x 7 SIL resistor 1C37 7415194 mounting (see text)
pack 1C39, 42 741574 SK9* PCB-mounting BNC
RP3* 10k x B SIL resistor 1C40 7415163 socket
pack 1C41 741821 SK10* 40-way IDC header
1C43, 44 7418257 plug, straight or
1C63*, 64* 7215299 right-angle
CAPACITORS 1C65 741585 mounting (see text)
C1 47u 6V tantalum 1C66 7418273
2 100n 63V polyester SWi1 4-way DIL switch
c 10n polystyrene Q1 BC108 sSwa+ SPST keyboard
C4* 56p polystyrene Q2 BC109 switch,
5 5n0 polystyrene Q3,4 2N2369A PCB-mounting
C6,7,30* 27p polystyrene D1-3, 6*, 7* 1N4148 XTAL1 16.000MHz crystal
C8-29* 100n ceramic D4, 5 0A91 XTAL2* 1.B43 MHz crystal
D1 6V8 PN junction XTAL3 32.768 kHz crystal
V1 2-22p trimmer voltage transient
suppressor PCB; ICsockets*: 13 off 14 pin DIL, 32 off
16 pin DIL, 10 off 20 pin DIL, 1 off 24 pin
SEMICONDUCTORS DIL, 6 oft 28 pin DIL and 6 off 40 pin DIL;
1C1 68B09E MISCELLANEOUS case; power supply.
1C2 6883 B1 3.6V 100mAh PCB-
1C3 2764 (monitor mounting NiCad
EPROM) battery
1C4 7415465 $1 PCB-mounting
1C5-12, 47-62* 4164 piezo-electric *These components may be omitted
1C13 7415245 sounder under certain circumstances — see text.
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the opposite direction. Check
carefully against the overlay
diagram as you work and check
again afterwards just to make sure.
When all the sockets are in place,
check each one carefully for solder
splashes between pins, bad joints
and so on.

Continue with the assembly by
installing the three wire links, the
various input and output sockets,
the switches, the piezo-sounder,
the resistors and the capacitors.
Make sure that you install the
tantalum capacitor, C1, and the
three resistor packs the right way
around. Solder the diodes and
transistors into place, again taking
care that they are the right way
around, but do not insert the ICs
or the Nicad battery. Finally, install
the three crystals.

Now comes the tedious bit!
Visually check the board for solder
bridges and missed joints, then
check again that every component
is in the right place and that the
critical components are all the
correct way around. Using a
multimeter, carefully check the
following buses for continuity and
For short circuits between adjacent
nes:

the address lines between
the CPU (1C1), the SAM
(1C2) and the EPROM (IC3);

the data lines between the
CPU (1C1), the EPROM (IC3)
and the buffers (IC4 and
1C13);

."_ L

r--m

H’,\_ﬂ——'—-ﬂ'

UL

L= wm»- --; o

Another view of the cased board. Note that the EPROM disc board shown
here (lower centre-right) is a prototype.

BUYLINES

the data lines between the
buffers (1C13) and the
various peripheral device
controllers (1Cs 19, 20, 24, 27
and 34);

the address and data lines
between the controllers and
theirassociated circuitry (eg.,
between 1C19 and the
buffers [C67 and 1C68);

Almost all of the integrated circuits are
available from Technomatic, but there
are anumber of exceptions. The WD2123
and WD1770 (1C20 and 1C24) are avail-
able from Pronto Electronics Systems
Ltd, 466478 Cranbrook Road, Gants Hill,
lIford, Essex 1G2 6LE, tel 01-554 6222.
Pronto currently offer the two chips
together at a discount (the WD2123 is
very expensive) and you should contact
them for details. Note that there are two
versions of the disc controller, the
WD1770 which supports stepping rates
from 6 to 30ms and the WD1772 which
supports stepping rates from 2 to 6ms.
Both versions will work on this board.
Pronto can also supply the 68B0O9E (I1C1)
and the 68821 (1C19).

The NEC7220a graphics controller
chipis available from Semi Components
Ltd, Vine House, 104 Ashley Road,
Walton-on-Thames, Surrey KT12 1HP,
tel 0932-241866. There are two versions
of this chip, the 7220 and the 7220A.
Only the 7220A will work in this design.
The MC6883 SAM chip (1C2) can be
obtained from Jermyn Distribution Ltd,
Vestry Estate, Sevenoaks, Kent, tel0732-
450144. Note that this device is also

known as the 74LS783. The transient
suppressor ZD1is an RS part, stock num-
ber 283-255. RS Components will only
supply to trade and professional cus-
tomers but Crewe-Allan & Company of 51
Scrutton Street, London EC2 or Trilogic
Ltd of 29 Holm Lane, Bradford, will
obtain parts from them on payment of a
small handling charge.

The resistors and capacitors are all
widely available fromouradvertisersand
the usual mail order suppliers. Eight-
resistor SIL packs are easy to obtain but
seven-resistor ones are not. You can
either obtain them from RS viaone of the
suppliers mentioned above or use eight-
resistor packs and cut off one pin. The 2-
22p trimmeris also an RS partbut similar
devices from other suppliers should
prove suitable provided their pin-out
matchestheholesintheboard. The same
applies to the 3.6V NiCad battery. The
basic kit, which includes the PCBs and
1C3, is sold by Micro Concepts, 2 St
Stephens Road, Cheltenham, Glouces-
tershire GL51 5AA, tel 0242 - 510525.
The PCBs will not be available from our

PCB Service.

ETI FEBRUARY 1986

the main (64K) RAM address
lines;

the graphics (128K) RAM
address lines.

Connect up a supply of +5V to the
board and check that the IC
sockets all have +5V and 0V
appearing on the correct pins.
Repeat the procedure with the
+12V and -12V rails. If all is well,
insert the 1Cs into their sockets,
taking great care that each IC is in
the correct socket and the right
way around.

Construction of the plug-in
EPROM disc board shouﬁi present
no problems at all, but again, itis a

ood idea to check the bare PCB

efore starting and the usual care
should be taken with the
orientation of the resistor pack
and the 1Cs. One refinement
worth considering here is the use
of a ZIF (zero insertion force)
socket in the 1C30 position. This is
the position in which EPROMs can

<j)rogrammed and the

itional cost of a ZIF socket may
welI be justified if you plan to
make extensive use of this facility.

@ Next month’s article will cover
the choice of case, power supply,
keyboard and monitor for use with
the board and the testing and
setting up of the system.

ETI
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ETI MICROAMP

Need a lot of audio power in a small space? Then read on as
Allan Bradford of Time Machine Sound Engineering introduces
the Microamp — a MOSFET amp with the power to deliver

75W RMS.

espite its small size, the
D Microamp is crammed

with useful features and will
deliver powers comfortably in
excess of 26W rms per channel
into 8 ohms and has a sensitivity of
-10dBm for full output. It will also
operate in bridge mode as a mono
amplifier, in which case the bridge
mode output will deliver up to
75W RMS into 8 ohms with a
sensitivity of -10dBm for full
output. A headphone socket is
provided which will deliver equal
power into either 8 ohm or 400
ohm professional headphones.

The Start Of Something
Small

The Microamp is housed in the
standard 1U x 8%2" x 6" case
(although the heatsink on the back
makes the depth 7" overall), and is
configured as two separate
channels with a crosstalk of -55dB.
It can be used as a domestic hi-fi
amplifier (in conjunction with a
suitable pre-amp); as a monitor
amplifier or headphone amplifier
for domestic or studio use
(particularly for monitoring in
home recording studios); and as
the heart of talkback, public
address or keyboard amplification
systems.

Toroidal transformer and steel
enclosure keep radiated hum
fields to a minimum and promote
cool operation with high efficiency.
Ample heat sinking is provided
and the MOSFETS used are rated
at more than twice the power they
are expected to handle. They will
run cool even at full continuous

CHANNEL 1

2 Vin
ACROSS
SPEAKER

P=VZR

CHANNEL 2

Fig. 1 Bridge mode amplification.
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output and will have a long life.
Thermal protection is inherent to
MOSFETS, which unlike bipolar
transistors have a negative
temperature coefficient and are
not subject to thermal runaway.

Jack inputs which will accept
blanced lines, and XLR outputs
meet professional standards. A
separate bridge mode output
socket is provided.

A Bridge Too Far?

In bridge mode, the input
signal to channel 1 is inverted and
fed to channel 2 (Fig. 1). The
speaker output is then taken
between the two channel outputs
(instead of between output and
ground), so the voltage across the
loudspeaker is doubled. Since
output power is proportional to
the square of this voltage, we can
in theory quadruple the power
available. In practice, we are limited
by the VA rating of the transformer
used (the largest that will fit the
case). It will give up on us and start
to clip the output at around 75W
RMS. Even so, this is enough power
for most purposes and with an
efficient speaker sounds VERY
LOUD!

The Microamp is put into
bridge mode by turning the channel
2 level control fully anticlockwise
until it clicks. At this point the ‘on’
LED 3 will change from green to
red. The channel 1 level control
now acts as the volume control
for the whole amplifier. Input 1 is
the bridge mode input socket.

Clip, Clip, Hooray!

Rather than measure the
voltage between output and ground,
the ‘true clip’ indication circuits
used in the Microamp measure
the difference between the outputs
and the supply rails, illuminating

LEDs when this becomes too small.

At the same time the soft clip
facility operates by increasing the
negative feedback around the
amplifier so as to compress the
output. The resulting distortion,
should it occur, is much less

drastic than that of straightforward
clipping and may be compared
favourably with the warmer
sounding distortion of valve
amplifiers (Fig. 2).

.
Vout
7\ 7\ 7\ +Vee
1 —Vce
N7 AV .
ta) CLIPPING R
Vou(_ \ RS 2y +Vee
—Vee
i v/ v S
(b) SOFT CLIPPING s
Fig. 2 Soft clip circuit action.

All Together, Now

No problems should be
encountered in building the kit,
other than those associated with
poor soldering or incorrect orient-
ation of comﬁonents. Assemble
the PCB methodically, soldering
components in order of height.
Leave the large power supp%y
electrolytics to last or they will get
in the way. Everything is on this
board except for the sockets,
transformer, mains switch and
fuses. Providing the circuit board is
built correctly there is little else to
go wrong!

The off-board connections are
shown in Figs. 4 and 5. A PCB-
mounting terminal block is used to
simplify connections to the
transformer and output sockets.
LEDs are soldered with the bends
5mm above the PCB.

Some of the wire links on the
PCB should be made using heavy
gauge wire, as indicated.

The MOSFETs should be mounted
on the right-angled heat sink
bracket using the insulating kits
provided (Fig. 6). Both sides of the
mica washers should be smeared
with a thin layer of silicone
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HOW IT WORKS

Linelevelinputs are debalanced by 1C3b
and ¢, configured as unity gain differen-
tial amplifiers (Fig. 3). If a mono jack is
inserted the inverting input is grounded
and each op-amp then acts as a unity
gain, non-inverting unipolar amplifier.
IC3ainverts the channel 1 signal in order
to drive channel 2 when the unit is in
bridge mode. The change over is effec-
ted by the switch on the back of level 2
pot, RV2, which also changes the colour
of LED 3 from green to red.

The power supply is completely
standard. C20 and C21 are the main
reservoir capacitors and have a ripple
current rating of 4A at 100Hz. They will
be charged to 60V at 4700uF and should
be treated with respect. Discharge them
with resistors rather than screwdrivers!
The op-amps must of course be run from
alower voltage than the main amplifiers.
Since this design is meant to have no
hum, monolithic regulators have been
employed to provide plus and minus

15V (IC1 and 1C2).

It's a wonder anyone still makes
bipolar amplifiers now we have
MOSFETs with their negative tempera-
ture coefficient, very high gate impe-
dance, very low source impedance and
ultrafast operation. They allow us to use
the simple circuit shown. The whole
thing behaves like a large op-amp with a
gain of 22 set by R16 (R41). The incom-
ing signal is subjected to two stages of
differential voltage amplification — Q1
(Q8) and Q2 (Q9), the Q4 (Q11) and Q5
(Q12) — with the collector output of the
second stage being fed by constant
current source Q3 (Q10) set to around
15mA. Thsi low noise, high gain, class-A
amplifier drives the MOSFET output
stages Q6 and Q7 (Q13 and Q14), which
are connected as complementary
source follower pairs. A more hefty
threshold voltage is needed to turn on
the gates of the particular MOSFETs we
are using {which are chosen for their

smallness, hence the unusually high
value of PR1 and PR2).

MOSFETs are much faster than
bipolars but this makes them more
susceptible to high frequency
instability. High frequency decoupling
is provided around the circuit as awhole
with low value capacitors. R18 and C9
(R43 and C19) form a Zobel network to
further damp out high frequency
instability.

ZD1, ZD2, D2, D3 and R15 (ZD3,
ZD4, D5 and D6 and R40) provide the
soft clipping. Once the output, either
positive or negative going, exceeds the
zener voltage, additional feedback is
introduced (using the op-amp like pro-
perties of the overall circuit) to lowerthe
gain.

1C3d and IC4 compare the output
voltages with the supply-rail voltages so
that when the output exceeds 82% of
the rail voltage, the LEDs start to turn on,
indicating the onset of clipping.
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Fig. 3 The complete circuit diagram of the Microamp.
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heatsink compound such as
‘Thermpath’ prior to assembly.
Both the bacE of the right angle
bracket and the mounting face of
the heatsink should also be
smeared with the silicone grease.

R50

=
>
7]

TO PINS
ON PCB

-1

R49

Hlo Tl
—t OB
=

SOLDER
TO PINS

Fig. 4 Headphone socket
connections from rear.

The front of the board is held
in ﬂlace in the case by the pots
(whose spindles should be cut to
10mm) and the headphone socket.
Final assembly is completed by

passing the two bolts, with spring
washers, through the holes in the
back of the right angle bracket and
the case, then screwing them into
the tapped holes in the heatsink.
The wiring may then be com-
Bleted, ensuring that the insulating

oots are pushed over the mains
connections to the fuseholder and
mains switch.

Setting Up

The only setting up required is

to adjust presets, PR1 and PR2.
These set the quiescent current in

each amplifier, ensuring sufficient

current to discharge the gate-
source capacitance of the

MOSFETs at all frequencies and to
bias their gates. This eliminates

crossover distortion. Pins are pro-
vided on the PCB with wire links
enabling an ammeter to be inser-

ted into the positive supply rail to

each amplifier (red lead to + ve).

Starting with the relevant preset

fully anti-clockwise, advance it
until the meter reads 15mA.
Repeat for the other channel, then
solder in the links (switch off first!)
This setting up is not critical. If
no ammeter is available, just set

the presets not quite fully clock-

wise. If no distortion is audible,

particularly at low volumes, this
will probably be good enough.

Use

The MicroamF should perform
spectacuarly well in all applica-
tions. It will drive 4 ohm speakers,
but remember that no additional
power will be available. Clipping
will occur at the same power as
with 8 ohms speakers.

As with all amplifiers, if you are
changing signal source, or chang-
ing from -10dBm to 0dBm level
signals, or switching to bridge
mode, always turn the volume
controls down for the sake of your
speakers. They will not take kindly
to being fed large amplitude
square waves.

It is worth mentioning one
criticism sometimes levelled at
MOSFET amps; their alleged poor
bass response. Assuming adequate
power is available at bass frequen-
cies, this supposed effect is likel
to be psychoacoustic in origin. The
excellent transient response of
MOSFET amplifiers renders their
sound extremely ‘transparent’. The
resulting improved clarity in the
upper registers can actually reveal
detail in bass signals, removing the
sort of muddiness which is some-
times mistaken for ‘extra’ bass!

FUSE
HOLDER
LA\ | INSULATING
\\‘ AT BOOT
) MAINS
GND CABLE IN
o BROWN
e 3 - ORANGE
b
ﬁ\ . INSULATING
BOOT
PCB dia ’
ADPHONE SW1 POWER
HSEKT (SK6) ORANGE BLUE
ORANGE

Fig. 5 Off-board connections within the case.
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— P RO J ECT: Microamp

—_PARTS LIST . BUYLINES
; ] The DPST jack socket is available
ErElilsssTs?a':: d)(a“ AW, 1% metal oxide from Maplin, PO Box 3, Rayleigh, Essex
R1,2 11,22 24, 10k $S6 8LR (0702-554155‘) as are the zener
2'5 ’26 '27 ’36 '47 diodes and the toroidal transforrper.
R3 4' 26 26 26 27k REAR OF CASE The transformer can also be obtained
47' DSOS . golrlnf:lP EIethromcséIDept.c9, ?ra;)ham
| ell House, Roper Close, Canterbury,
23044, 7k wea \ Kent CT2 7EP (0227-454778). The
R6. 31 56k INSUEATIONE 5 bridge rectifier and the MOSFETs can be
R7 832 33 3K9 | T e HEATSINK ordered from RS through Crewe-Allan, 51
R9’ 3:‘ g 1K0 WFHEIE s Scruttoq St.,‘ London EC2 or any supplier
R1b 12,13, 14.17. 100R MOSEET \ who maintains an account with them.
35' 37’ 38’ 39 42 ] A c(}n}plete kit of parts including the
R15 ’40’ Pt 6k8 pee . fully fmlshet‘l steel case and associated
R1 6’ 41 22K T jroi hardv»:are is avalllable‘ from Time
R18. 43, 52+ 10R SOLOERLEADS Machine Sound Engineering for £86.00
R23, 48 2Kk2 TO PADS SPRING including VAT, postage a}nd pagking.
R49 50+ 68R WASHERS The legended PCB is available
R51’* ak7 separately at £9.00, the case at £14.00,
RV 10k log pot the heatsink and bracket at £5.09 and
RV2 10k log pot with thg MOSFETs at £12.00 per pair. All
DPDT switch znc:es |tnclude VAT, post and packing.
h ontact:
B B 10k loriz preset TIME MACHINE Sound Engineering,
4 Abbotsford, Deer Park Avenue,
Teignmouth, Devon, TQ14 91].
8";5":10':52 13 447 40V minelect Fig. 6 The assembly of MOSFET, Telgphone 06267 2353. 2 l
il r 14 M minele 1
C4, 10,14, 26 47p ceramic PCB, bracket and heatsink. ]
G5, 15 100 40V minelect
Cé, 16 10n polyester
C7,8,17,18 27p ceramic f
C9, 19, 22,23 100n polyester
C20, 21 4700u 50V axial
C24, 25 10 40V minelect ° ° ° °
CcH2 CH1
SEMICONDUCTORS
|g; 73 t15 Q13 Q4 a? Qe
| 79115
IC3 TLO74 - 7
1C4 TLO71
Q1,2,3,8,9,10 BC212L
Q4,5, 11,12 BC182L
Q6,13 IRF520
Q7,14 IRF9530
D1-Deé IN4148
ZD1-ZD4 BZX61/20V zener
LED1, 2 red LED Ate 4
LED 3 Tricolour round LED c o
BR1 SKB2/02L5A in-line i c1 8 &
bridge rectifier i
[}
MISCELLANEOUS R . O
F$1 20mm, 1A anti-surge :
mains fuse MKy &
FS2,3 20mm, 2.5 A quick 3
blow fuse
$K1, 2 Stereo %" jack skt 2 )
$K3,4,5 Male panel mtg XLR b3 pa by D
SK6 DPDT %" jack skt : &
T 22+22V, 80VA !
toroidal mains £
transformer i) < TO
Z04 I i 7
Knobs (collet or grub screw, 2 off); PCB; 52 !
case; heatsink type 1.5E-20; heatsink ca 3
bracket; 4-way PCB mtg screw terminals 4 ] -
(2 off); T0220 mtg kits (4 off); silicone 2 3 a o )
heatsink compount; Veropins (12 off); e ! A2 L 2
panel mtg fuseholder, 20mm (1 off); 6BA 2 o = 3
nuts, bolts and locking washers (6 off); % =il N = 3
stick-on cabinet feet (4 off); self tap " %o -
screws (no 4 x 6mm, 4 off); 8-pin DIL skt
(1 off); 14-pin DIL skt (1 off). FLATS OM LEDS TO THE LEFT HAND SIDE
Fig. 7 Component overlay ETI
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DIGITAL SOUND
SAMPLER

Paul Chappell describes the keyboard interface and digital

control arcmtry for the sound sampler.

o complete the analogue
T circuitry for the soun

sampler we need some
means of accepting a 1V per
octave signal from the keyboard
and usmgblt to control the pitch of
the note being played. In the first
instance, our concern is to get the
keyboard signal into the
computer's memory. This is
achieved by the circuit shown in
Fig. 1.
The digital control circuitry is
shown in Fig. 2. Most of it s
concerned with generating the
correct replay frequencies so that
the sampled sound is heard at the
right pitch. The remainder of the
circuit interfaces with the
Spectrum and corrects timing
errors introduced by delays in

enterlng interrupt service routines.

The various control signals for the
analogue board are also generated
by this circuitry.

HOW IT WORKS

DIGITAL CONTROLLER

IC1 is an oscillator which produces a
2MHz clock. This is divided down by I1C2
into the correct frequency relationships
for one octave of the equal tempered
musical scale. The required note within
the octave is selected by 1C3 according
to the digital code present atpins 11,13,
14 and 15. This code is supplied by the
computer via 1C8 and 1C9.

The phase locked loop, 1C4, and divi-
ders IC5, 1C6 and IC7 produce multiples
of the selected frequency for the various
octave ranges, the particular octave
required being selected by the computer
vialC8 and 1C10. The output from IC10is
used to clock the mobile filters at a rate
depending on the selected note.

IC11, 1C12 and IC13 generate ‘start
conversion’ (SCS) signalstothe ADCata
rate depending on the selected note.
When sampling, this will be the sample
rate. The analogue board acknowledges
receipt of SCS by taking the ‘conversion
complete’ (SCC) line high. This turns off

KEYBOARD
CV INPUT

7

+12v

R57
10k

RV4 E
10k 1 Q2'='BC212

l 100n
R58

10k
—=12v

KEYBOARD
GATE

T+5V

TOQ1(8)

TOQ1(G)

Fig. 1 Circuit for 1V/octave keyboard interface.

the clock to the mobile filters via IC21a
so that the input filter can perform its
sample and hold function. The signal
also clears down 1C12b ready for the
next conversion.

When SCC goes low again atthe'end of
the conversion process, the filter clock is
allowed to restart, and at the same time
1C22a is clocked, putting out an inter-
rupt request (INT) to the computer. In
sample mode, the interrupt service
routine will read the output of the DAC
from the data lines. In replay mode it
will write the next digital output onto the
data lines to be picked up by the DAC.
IC22isreset as soonasthe computerhas
acknowledged the interrupt request.

The decision about whether to sample,
playback, edit the sampled waveform (in
software) or wait for a sound trigger is
taken by the control register IC14 and
IC15. These are accessed by the com-
puter in a normal 1/O instruction. The
keyboard ADC and pitch selectionregis-
ters are accessed in a similar way. IC13,
1C16, 1C17 and associated gates all per-
form address decoding and timing func-
tions for the input and output. 1C23 and
1C24 provide vectors for the interrupt
routines.

KEYBOARD INTERFACE

The output from a 1V per octave key-
board must be compressed to allow the
full six octave span of the sampler to be
accommodated within the 2.5V input
range of the ADC. The software allows
three digital codes for eachnote, so alit-
tle calculation shows that this allows
about 30mv per semitone or 360mV per
octave. The compression is set by RV5
which controls the gain of 1C20.

The keyboard may also produce nega-
tive voltages, which must be shifted so
that the output from 1C21 always lies
withintherange 0 to 2.5V. The level shift-
ing is provided by RV4, which effectively
acts as a tuning control.

1C22 performs the A-to-D conversion
of the control voltage. As three adjacent
codes are allowed for each note, the aim
is to set RV5 so that the middle code is
produced. This allows a certain amount
of drift in the control voltage without
producing the wrong note.

The keyboard gate signal is level shif-
ted by Q2. The input is assumed to be
+5Vwhenakeyispressed and 0V other-
wise. This is shifted by Q1 to suitable
voltage levels for controlling the analogue
gate Q2.
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DIGITAL

SUPERGLUE

The superchips of today are beginning to use programmable
logic for all the small but vital tasks that hold a complex piece of
equipment together. Mike Bedford explores this rapidly
developing area before bringing readers an experimental project.

computer boards does not mean that small logic

devices are becoming a thing of the past. A micro-
processor chip doesnotusually’bolt’ directlyinto RAMs,
EPROMSs or PIAs but instead requires a considerable
amount of interface logic, using |Cs often referred to as
‘glue chips’and most frequentlybeing 74LS TTL devices.
Alookattheinside of many personal computers will con-
firm that the §Iue chips often account for a significant
proportion of board space. Clearly it would be of
considerable advantage if these TTL devices could be
combined togetherintoasingle integrated circuit. Since
each different application has slightly different inter-
facing requirements the computer manufacturer, rather
than the semiconductor manufacturer, would have to
specify the device and have it made.

Custom chips dedicated to one narrow function
within one circuit design are prohibitively expensive to
develop for all but highest volume production runs (in
excess of 100,000). The one-chip, one-product notion s
attractive, but for moderate volumes or circuit develop-
ment a compromise is necessary.

The predominance of VLS| chips in modern

The Semi-Customer Is Always Right

The first alternative is the semi-custom chip. These
chips fall into two categories: standard cell and gate
arrays. The closest in concept to full custom is the
standard cell integrated circuit. Various semiconductor
manufacturers provide aservicefor customers to specify
such a semi-customised device,

Rather than have to build up a custom circuit from
scratch, in the standard cell approach the chipis builtup
from a library of standard elements. The building blocks
include quite complex functions such as RAM, EPROM
and CPUsas wellassimpleronessuch as gates, flip-flops,
decoders and multiplexers. Using the semiconductor
manufacturer's data on the available circuit elements and
computeraided design (CAD) workstations, the customer
generates data describing the requirements from which
the supplier manufactures the chip.

As in the case of the full custom design, a complete
set of masks must be produced for the manufacture ofa
standard cell device and although design time is shorter,
the initial cost is still very hi% . Accordingly, volume
production would once again be required to justify the
approach — although the point at which it becomes
viable is not quite as high as for the full custom design.

The gate array, or uncommitted logic array (ULA),
offers a quite different approach to semi-custom chip
design. The basic building block here is nothini more
complicated than cells of n-channel and p-channel

a4

transistors which canbe configuredas simple logic gates.
Unlike the standard cell, the elements are already
etched onto the chip and the customer need only pro-
vide interconnection data. Only the mask needs to be
produced, for the final, metallisation layer.

Figure 1 shows a typical gate array. It will be noticed
that there are two distinct areas on the chip. Around the
edges are pads for lead connection and a number of
special peripheral cells. These cells, being close to the
outside world, are especially suited to provididng I/O
interfacing to a variety of other devices.

A STANDARD CELL
UN-PROGRAMMED

Ad‘q'ﬂgc 29

|
H 25
I

)

A TYPICAL GATE ARRAY
DOogsgegeg |

DDDDDDDDW@EEW

J oooooooooo U
Uoooooooooot
DDDDDDDDDDD
EDDDDDDDDDD% g
[PO0o000o00oq
[ooooooooog [

o e e e o o o s
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4
=S

n-CHANNEL AREA FOR CELL
IN -
p-CHANNEL CONNECTION

PROGRAMMED
F" AT ATA2A3 F

E{UPQL{CUDL_ID
U Ul c o
PADS FOR LEAD CONNECTION STANDARDI CELLS H
PERIPHERAL CELLS *g-{lllg'! At
ndbdndnBnbhdbn

F'A1"A1 A2 A3 F
METALISATION LAYER

e 1 1

VDDL
f} e

SCHEMATIC OF ABOVE EXAMPLE
OF PROGRAMMED CELL

Fig. 1 A typical gate array.
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The centre of the chip, on the other hand, is
composed of a matrix of standard cells, sometimes
thousands in numbers. Figure 1b shows atypical standard
cell. The cell hasbeen masked to provideaninverterand
a 3-input NAND gate. Conducting strips between the cells
are used in conjunction with the mask programming
within the cells to provide the required interconnec-
tions. Designing interconnections is more involved than
in the case of standard cell chips but the initial manufac-
turingset-up cost of gatearraysismuch lessand theyare,
therefore, suited to smaller volumes. Even so, they
would not be used for runs of less than a few thousand.

Array Of Hope

Programmable arrays constitute a class of devices
which are much less versatile than either custom or
semi-custom chips butstill provide a high degree of flex-
ibility. Their major advantage is that the semiconductor
manufactureris not involvecFin the customisation process.
Instead, standard devices are obtained and pro-
grammed by the customer using equipment similarto a
PROM programmer. Initial costs are nowhere near as
high as with custom and semi-custom ICs and the
devices can be used for relatively small volume produc-
tion runs. In high volume, the lower initial cost would be
more than offset by a higher unit cost. Figure 2 illustrates
thevarying costs of custom, standard cell, gatearray, pro-
grammable devices and discrete logic against the
volume used.

I

{  FULL CUSTOM
\ DESIGN

~

DISCRETE\\\

UNIT COST LOGIC

ARRAYS

STANDARD
CELL

1 T 1 1 |
1 10 100 1,000 10,000 100,0C0 ™

VOLUME

Fig. 2 Price comparison of logic technologies.

Programmable arrays are of three types: PROMs,
PALs and FPLAs. The first will be well known to home
computer enthusiasts as non-volatile data or program
memory chigs.The PROMisactuallyaspecial caseofthe
programmable AND/OR array. Figure 3 illustrates such
an array. The configuration can be used to implement
any logic function expressed as a sum of products by
selecting apﬁropriate connections into the AND array
and out of the OR array. In fact, any Boolean transfer
function can be translated to this logic form, given the
use of inverters, the only limitations being the number of
inputs and outputs.

BUFFERS/ AND
(ERCIS %mvsmms ARRAY

Fig. 3 Generalised AND/OR array.

In order to understand the differences between the
various programmable arrays, itis necessarytoclarifKthe
notation used in diagrammatic representations of these
arrays. Since the gates in any array may well have tens of
inputs, for convenience single input lines are used to

represent actual multiple inputs (Fig. 4). The figure also
ETI FEBRUARY 1986
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OR
ARRAY |y QUTPUTS

shows that two lines crossing in a programmable section
of an array represent a fuse programmable link. Fixed
sections of an array use the convention of a solid dot to
show a connection and crossing lines without a dot to
indicate no connection.

PROMs

The characteristic feature of a programmable read-
only memory is that the AND array is fixed while the OR
array is programmable (Fig. 5). This will be a novel way of
looking at a PROM to those who are used to its applica-
tion as a microrprocessor memory. The Fig. 5 circuit
should convince you that this truly is a 4-bit wide, 8-
location PROM. In the general case, there will be one
AND gate for each combination of inputs (that is, for
each location or address) and one OR gate for each
output bit.

FIXED CONNECTION
PROGRAMMABLE

/FUSE LINK
/ —

™)
|

—-
-

T

v

|

Fig. 4 Notation used in array diagrams.
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Fig. 5 Typical PROM arrangement (8x4 bits). J
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PROMs have the advantage of low cost and are
relatively easy to program. However, since the AND
array is fixed, with one gate for each combination of
inputs the chip size increases rapidly with the number
of inputs. In fact, the total number of AND gates will be
equal to 2 raised to the power of the number of inputs.
For examﬁle, a 16-input PROM will have 64,000 E)ca-
tions. In the vast majority of applications such a PROM
would be heavily under utilised.

A further limitation shows itself in the implementa-
tion of state machines. A feedback path is required for
each state and, since there is no provision within the
PROM forfeedback, the loop hasto be wired externally
— using up valuable inputs and outputs. Despite these
drawbacks, the PROM does find application as a pro-
grammable array, a number of such designs having been
presentedin ETlinthe past (forexample, the 64 K DRAM
Board, ETI, September 1983) primarily in the area of
microprocessor address decoding.

FPLAS

The field-programmable logic array (sometimes
known br the acronym PLA or IFL, for integrated fuse
logic) isillustrated in Fig. 6. It differs from PROMs in that
the AND array is programmable as well as the OR array,
givingamuch greaterdegree of flexibility. The FPLA does
not need a very large array to accommodate a reason-
able numberofinputs. Furtheradvantagesin the form of
registered outputs, internal feedback and output polarity
are sometimes offered in FPLAs, but since these features
are common to PALs, they will be fully covered under
that heading.

INPUTS
3 12 n I?
$ v w PROGRAMMABLE
‘OR’ ARRAY
™
=
St

L
=
I =
=
[,
[
JraeN=e,
=

PROGRAMMABLE
‘AND’ ARRAY
03 02 o1 00
OUTPUTS
Fig. 6 Typical FPLA arrangement.

Despite these advantages, FPLAs have attracted less
interest than PALs, possibly because they are too
flexible. The increased flexibility results in longer pro-
pagation delays, makin§ FPLAs unsuitable for very high
performance designs. All programmable arrays are costly
in silicon area, so that if everything is programmable, as
with FPLAs, the number of gates is more of a limiting fac-
tor. The pros and cons of FPLAs and PALs are hotly
debated, the manufacturers of each pushing the advan-
tages of those they supply.
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PALs

The PAL configuration (Fig. 7) is the third option fora
logic array: a programmable AND array with a fixed OR
array. Like FPLAs, PALs provide a number of additional
features beyond the basic AND/OR structure. The pre-
viously mentioned limitation of PROM architecture due
to the fixed number of inputs is overcome in many PALs
by use of bi-directional outputs (Fig. 8).

INPUTS
15 14 13 12 n 10
VEVEVEVEVRVL i
BUFFERS
FIXED 'OR’ ARRAY
[ILLE
e
)
L/
L
L/
I
L/
|
PROGRAMMABLE 7
‘AND’ ARRAY
03 02 o1 0o
OUTPUTS {OR TO LATCHES)
Fig. 7 Typical PAL arrangement.

The output shown in Fig. 8 is fed through a tri-state
buffer controlled from the AND array, and so can be
disabled. Since a line from this output is fed back to the
AND array, the same pin couldbe used as a furtherinput.
Itis also possible to provide feedback to the AND array
even if the pin in question is being used as an output.

WA he

PROGRAMMABLE
OUTPUT ENABLE

[
|

TRI-STATE
BUFFER

INPUT/ QUTPUT

Fig. 8 Bi-directional 1/0 on a PAL.

A further facility sometimes offered is the use of D-
type latches on the outputs to provide a registered out-
put (Fi%. 9). Implementations of state machines use
internal feedback from this registered output. An output
enable may also be provided, controlled from a line
common to all outputs on the device.

Programming PALs is not as straightforward as pro-

ramming PROMs. The procedureis complicated by the
act that it is impossible to address the large number of
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TO OTHER
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Fig. 9 Registered output on a PAL.

fusible links inside a typical PAL without multiplexing
thefunctions on the limited number of pins. It would not
be outside the realms of possibility for an ambitious
home constructor to design and build a PAL program-
mer. Commercial programmers usually have a reason-
able degree of intelligence and only require Boolean
equations to be entered in order for a fuse map to be
worked out automatically. It is outside the scope of an
introductory article to go into programming in great
depth but the information is of course available from
manufacturers’ data books.

Applying Some Logic

The application of programmable logic using a PAL
can be demonstrated in the simple microcomputer
interfacing circuit of a typical low complexity 6809
board (Fig. 10). Discrete TTL logic is used to generate
chipselectsignalsforthe EPROMs, RAMs, VIA,ACl1Aand
CRTC. Also generated are the OE and WE signals for the
memories and a signal to other boards in the system to
indicate thaton-board memoryis being accessed, which
ig e;lfso used to enable or disable the address and data

uffers.

The resultant memory map of this circuit has EPROM
1 at EO00 — FFFF, EPROM 2 at C000 — DFFF, RAM 1 at
AOOO0 — BFFF, RAM 2 at 8000 — 9FFF and 1/O at 6000 -
7FFF. The 1/O area is partiallg/ decoded to provide
addressingforthe VIA, ACIA and CRTC. Thisimplemen-
tation uses 5 TTL packa§es, the functions of which may
be expressed by the following Boolean equations:

EPROM1 = A15.A14.A13

EPROM2 = A15.A14.A13

RAM1 = A15.A14.A13

RAM?2 = A15.A14.A13

VIA~ = A15.A14.A13.A5.A4

ACIA = A15.A14.A13.A5.A4

CRTC = A15.A14.A13.A5.A4

OF = ERW

WE = E.RW

MEMACC = EPROM1.EPROM2.RAM1.RAM2.VIA.
ACIA. CRTC

These functions may be implemented by a PAL
device, reducing the chip count from 5 to 1.

Ten active low non-registered outputs and at least
seven inputs are necessary and are available on the
20L10 PAL. Figure 11 is a schematic diaFram of this
device, programmed for the example application. The
program was worked out by hand but it should be quite
clear that it will implement the above equations and
replace the discrete TTL of the original circuit. This is a
simple case, the equations only consisting of ANDed
terms so that only one of the inputs of each OR gate is
used, the tri-state buffers are always enabled and five of
the chip inputs are not used at all.

Programming would not usually be done manually.
Instead, a software package would translatethe Boolean
equationsintoafuse map, generatingamastertape from
which further PALs may be programmed. (Please note
that this design is only presented as an example and has
not been prototyped and checked in practice.)
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QE] E ! 2 ww 12 S 1z
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E %74LS00
R/W ] )
Dﬂusoo
[ OE
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—O ACCESS
Fig. 10 Simple 6809 board with discrete TTL.
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Recent Developments

Figure 12 sums up the relationships between the
various existing logic technologies. Recently, the clear
divisions between the various families shown have
become much less definite. In particular, the two
approaches to semi-customising, standard cell and gate
arrays, are beginning to merge. This breakdown of the
distinction becomes particularly noticeable to the
customer as use is made of increasingly more sophisticated
CAD software.

LOGIC

] |

STANDARD
LOGIC
FAMILIES

[ i s

FPLA PROM

SEMI-
CUSTOM

—

STANDARD
CELL

PROGRAMM
CusTOM “ABLE

GATE
ARRAY PAL

Fig. 12 The families of logic technologies.
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The designer of both standard cell or gate array
devices is faced with almost indistinguishable develop-
ment tools, the differences which are transparent being
of relevance only at the manufacturing stage. From a
customer pointofview the onlydifferenceisin the price-
volume relationship. Performance and interfacing
requirements are very similar.

The facilities offered on many recent standard cell
libraries and gate arrays are also becoming less distinc-
tive. Gate arrays are now available with much more
complex elements than the usual cells of p-channel and
n-channel transistors. It is possible to find gate arrays
with CPU and memory cells performing functions pre-
viously available only in standard cells. From the other
side, standard cell libraries may now include blocks of
Eate arrays to allow last minute customisation and even

locks of PAL to allow modifications after manfuacture.,
Clearly, these enhancementstogatearraysandstandard
cells will eventually result in very similar types of semi-
custom device.

A further area of recent advance is the development
of eraseable programmable logic devices. These have
the same relationship to standard PALs and FPLAs as
EPROMshave to bipolar PROMs. Infull production runs,
these devices do not yet provide an economically viable
solution to logic design but, in the initial stages of design,
theygreatly reduce the speed and costofturningrounda
series of development versions of a circuit.

Next month, we will feature an experimental project

using programmable logic for those wishing to get
hands-on experience. ETI
ETI FEBRUARY 1986



CIRCUIT SOLUTION

PWAyMan MOTOR
CONTROLLER

Following a brief mention in his column, Roger Amos expands on
the design of a railway modellers’ motor controller which makes

compromises without sacrifices.

tronic controllers for the DC motors used in model

trains and slot racing cars. Closed-Loop Control is
an analogue technique in which the voltage at the con-
troller's output is compared with a control voltage — in its
simplest form this may consist of a power Darlington with
its base bias taken from a pot and the load in its emitter
circuit. Pulse width modulation (PWM) is a digital
technique in which the motoris fed pulses whose width
is varied to control speed. Normally some form of
variable-duty-cycle multivibrator is used to provide an
inputto a ﬁower transistor or thyristor.

Both techniques have their prosand cons, summedup
in the table. An ideal controller would combine all the
best features and, so far as the laws of thermodynamics
permit, eliminate all the problems.

T wo techniques have dominated the design of elec-

AREA CLOSED-LOOP PWM
starting/crawling good excellent

motor noise silent raucous

motor heating negligible a serious problem
output transistor runs hot runs cool

Theideal controllerwould also have anotherdesirable
property. Let's face it, most electronic controllers are
fairly dumb beasts. They deliver an output that is cap-
able of giving quite fine control of motor speed, but
apart from some form of overload protection, rarely do
they monitor the motor to see if it is doing what the
operator intends. Yet it's not difficult to measure the
motor's sEeed andusethisasaninputtoafeedbackloop
to lock the motor speed to the control voltage. This
would provide compensation for varying loads, when
the model negotiatesagradient ortight curve. We would

-COMPARATOR

DC
POWER
AMP

CONTROL i

SAMPLE
VOLTAGE D)

HOLD

CHOPPER

QuUTPUT

SPEEDOMETER

L

oms o, INTERVAL
STROBE ‘[ TIMER

Fig. 1 Block diagram of the motor controller.
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be giving the controller a limited measure of

intelligence.
The Right Track

My approach was to employ both pulse width and
pulse amplitude modulation. | christened the resultant
technique ‘Pulse Width and Amplitude Modulation’
(PWAM). This acronym reminded me of the railway
jargon ‘permanent way’ meaning track, so | called the
controller the ‘PWAyMan'.

The PWAyMan delivers a square-wave PWM output
butthe puiseamplitudeis underdirect closed-loop con-
trolfromthe speed control. Pulse widthis controlled bya
servo which compares the control voitage with the
motor EMF. This 1s measured by a sample-and-hold
technique operating during the spaces between pulses.
Speed is indicated on a speedometer (Fig.1).

The controller has been extensively tested with a
variety of OO-gauge locomotivesand found todoalf that
was required. [t givesfine control of speed with verytight
speed compensation. A time contantof 2.5sinthe servo
system makes the controlier's response clearly visible —
as a train approaches a down gradient it accelerates
briefly and then ongo the brakes! Give a train a helping
gull on its way and the speedometer correctly kicks

efore the train slows then resumes its original speed.
Traction is improved since wheelslips automatically
result in counter-action. And impeding a train’s pro-
gress with a finger automatically raises the duty cycle so
the train struggles hard to get away.

Motor noise is quite unobtrusive at low speeds since
Eulse amplitude is then low. Similarly, no motor heating

asbeen observed, this being proportionaltothe square
of the controller output vo%tage at low speeds when
motor EMF is negligible.

It has two disadvantages. Heat sinkage is still needed
fortheoutput deviceandthe circuitis rathercomplexfor
a controfler. But there’s always a price to pay for
performance.

Setting up

It is essential for correct operation that the motor
EMF monitoring circuit works properly. The best way to
check this is by the speedometer. RV3 is used to calib-
rate this. Different locomotives may need different sett-
ings of RV3 until the meterreads 30 (a100uA movement
is assumed). Vary the train speed and you should find
that the meter reading varies in proportion. Stalling the
loco should bring the reading to zero, as should lifting it
offthetrack. If you have othervoltages onthe track (such
as track circuit voltages), they may cause spurious
speedometer readings when there is no loco on the
track.
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The two LEDs are useful in adjusting the speed servo
system. They flash alternatelyat 100Hz, so fastthey they
appeartobeontogether. Iftheyareawell-matched pair,
equal brightness will signify a 50 per cent duty cycle. If
LED 2 appears brighter, the duty/cycle is greater than
50% and the power pulses are longer. If LED 3 is brighter
the pulses are shorter. When incorporated into the con-
troller panel, these LEDs provide a useful indication of
the servo action and of the motor loading.

With a train cruising ata moderate speed, adjust feed-
back control RV2 until the LEDs appear equal in
brightness oruntil the indicated voltageon pin3 of IC2 is
9V. You should now find that the duty cycle will rise and
fall with the load.

Undernormal cruising conditions maximum output is
about 23V at 50% duty cycle. If you want a higher cruis-
ing duty cycle, for running-in a sticky loco, say, all you
need dois turn up RV2, but some of the speed compen-
sation will be lost. The controller will still be able to
reduce duty cycle when the motor races, but will have
less headroom in which to increase it when the load
rises. The maximum duty cycle obtainable from the
controller is about 85%.

Optional switch SW1 when closed disables the PWM
system so the controller functions as a pure DC closed-
loop type. This gives higher top speeds and makes the
controller compatible with through-the-rails sound
systems. But in this mode the speedometer and speed
compensation systems do not operate and the LEDs
indicate continuous maximum duty cycle.

Input Capabilities

Speed is controlled by the voltage on the slider of
speed control RV1. As the controllersinput resistance is
moderately high (about 25Kk) it is eminently suitable for
use with inertia simulation and automatic control
systems. These ramp the control voltage to provide
automatic gentle stops and starts.

Power Supply
The prototype was operated from a proprietary

transformer delivering 16V AC into a full-wave rectifier
consisting of a bridge of four 1N4001s. For correct
operation of the PWM system full-wave rectification is
essential. An overload cut-out with a threshold of 1A to
2A must be fitted to protect transformer, controller and
motoragainstthe effects of short circuits orjammedloco
mechanisms.

The Circuit

At the heart of the controller is a simple closed-loop
voltage follower circuit, Q3 and IC3. The PWM
generator uses a 555 timer (IC2) as an interval timer
adjustable between niland 10ms and triggered at 10ms
intervals (assuming a 50Hz mains supply) by the nulls in
the mains supply waveform. The 555 does not seem to
minf(j having its trigger input taken to 23V or so at the
peaks.

The on period of the timer is the length of the space,
notthe power pulse. When the timeris onand its output
high it drives transistor Q2 which clamps to ground the
input of the closed-loop controller. Since the output of
the 555 is high during the trigger pulses themselves,
even with the timed interval set to minimum the con-
troller output will be interrupted briefly (in practice for
1.5ms) at 10ms intervals. This is useful since it provides a
space during which motor EMF can be sampled even

uring the highest duty cycles.

The length of the timed period is determined by the
network, R2, Q1 and C2. In normal use, this is controlled
automatically by the output of the op-amp, IC4. R2 also

rotects the internal circuitry of the 555 against

urnout.

Motor EMF is monitored by the circuitry around Q4,
Q5, Q6 and Q7. Q4 and Q5 short-circuit to ground the
voltage across the motor (via R8!) during power pulses.
Consequently, Q6 and Q7 are permitted to charge C4
up to the motor voltage only during the spaces, when the
voltage present can only be motor EMF (which is pro-
portional to motor speed ). The quasi - Darlington con-
figuration of Q6 and Q7 minimises offset voltage loss
and presents a very high input resistance.
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Fig. 2 Circuit diagram of the PWAyMan.
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PWAyMan

C4 and RV3 are critical and must give a time constant
of 10ms. Longer periods cause spurious speedometer
readings - shorter ones give inaJ) equate sampling and
low readings.

Op-amp 1C4 compares the control volitage with the
motor EMF and is a 741 set up as an inverting amplifier
(from the control voltage viewpoint) with a gain of 4.9.
RV2, the feedback control, provides infinitely variable
adjustment of the proportion of control voltage that the
741 sees.

As the motor EMF rises relative to the control voltage,
so does the 741's output voltage. This biases Q1 back,
lengthening IC2’s timed period and thereby stabilising
its speed.

The ratio of R12 to Cé6 is important. In the prototype
Cé6 was finalised at 25uF (giving a servo time constant of
2.5s) butthisisa matter of taste. it mightevenbeanidea
tohaveachoiceofseveral capacitorsselected by amulti-
way switch. Too brief a time constant gives the com-
paratorsucharapidresponsethatit counteractsthe very
pulse width modulation that it is intended to control.

Noneofthe componentsare critical, with the possible
excegt:on of IC3,a PNP power Darlington. The 2N6050

e hard to get, in which case it could be replaced
with an MJ2501, available from Maplin and elsewhere.
In fact, any PNP power Darlington with an i rating of 4A
or more will do.

The CIRCUIT SOLUTION section is designed to provide original
design ideas and solutions more comprehensively than TECH
TIPS but without the complexitites of a full-scale project. Readers
are invited to experiment and design their own stripboard or PCB

layouts. ETI
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The Cortex has trouble with

its vision systems and Andy

Armstrong performs some neat surgery.

the colourbalance onafriend’s Cortex. The red was

weak and, as a result, there were some colours and
backgrounds he didn’t use. Fiddling around with the cir-
cuitry produced aquickimprovementin the colours, but
a comprehensive test of the available backgrounds
showed that the picture would not lock when bright
colours were in use. It bounced continually up and
down. Veryannoying. Onreflection, myfriend said it had
always done this on one particular video game. And, it
turned out, he was not the only one to suffer.

F oolishly, perhaps, | offered to do a mod to improve

The Sync-ing Feeling

Atfirst | suspected that the UHF modulator was clip-
ping off some of the sync pulse due to non-linearity.
Adjusting the bias pot, R37 on the circuit shown (Fig. 1 —
which incorporates changes from the original circuit
made by kit supﬁliers Powertran), did not improve mat-
ters, however. The next thing | suspected was that | had
damaged the sync transistor — Q2, a 2N3906 — so |
replaced it. The video now refused to give a locked pic-
ture at all!

Fig. 1 Part of the original video circuitry showing Powertran mods.
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CIRCUIT SOLUTION: Cortex Fix

I hadn’t got an oscilloscope with me at the time, so
the nextday — armed witha borrowed’scope — | setout
to discover what was really going on. Tests showed con-
clusively that the original design was working, partly by
luck. The biasing of Q2 was a major part of the problem.

The negative going sync pulse on the Y-signal line
from 1C48, pin 36, was being heavily loaded by the base-
emitter conduction of Q2, which takes place during the
sync pulse. This conduction is essential, because the
transistor is used to provide a 12V positive going clock
pulse when it receives the 0.6V negative going signal on
its base. The required base current flow to permit this is
only about 400uA, which only needs to occur during the
sync pulse. However, because the only DC path to the
base of the transistor is via R22, all the charge which
enters C7 viaR22 duringthe visible part of the videoline
must flow into the base of Q2 during the sync pulse.

The current during this period, with the value of R22
given in the original circuit, is much greater than 400uA,
and the loadingon the Y-signalline during the sync pulse
is heavy in consequence.

ThefirstsolutionltriedisshowninFig, 2. The potsett-
ing required is affected by the gain of the particular
sample of Q2. If an oscilloscope is available, the pot
resistance should be increased until the positive going
pulse on the collector of Q2 is slightly reduced in
amplitude, and then decreased a little bit. If an oscillos-
copeisnotavailable, thenthe pot should be adjusted to
produce a good picture.

After making this solution work, | wondered about
temperature induced drift in the transistor characteris-
tics, and came up with another circuit (Fig. 3). This
adjusts the transistor bias according to the amplitude
and time of the pulse on the collector of the transistor.
The valuesare chosen to give good performance with an
average transistor and to work well with most or all
samEIes. Extreme variations might cause multiple or no
clocking of the flip-flop, 1IC60a, which gives rise to ran-
domflashesofcolour. The Fig. 3 circuitmight be bestifan
oscilloscope is not available.

Pretty Colours

Theremaining problem was toimprove the quality of
the colours. The circuit of Fig. 4 shows the method used
to increase the R-Y gain without upsetting the bias. In
order to assess the perfomrance, we used a program
which paints colour bars on the screen, and displayed
one bar of each colour, with only one pixel between
them. It was then easy to adjust the 10k pot, to achieve
maximum contrast between the different shades
of red and of green.

Postscript

My friend recently showed me copies of a users’
magazine, in which several readers had written in with
the same problem of vertical jitter on the picture. This
decided me to write up the solution. Now, he says that
the Cortex performssowell thatitshould fetch areason-
able second hand price because he wants something
bigger and better. (Is there such a thing? — Ed.)

The CIRCUIT SOLUTION section is designed to provide original
design ideas and solutions more comprehensively than TECH TIPS
but without the complexities of a full-scale project. Readers are
invited to experiment and design their own stripboard or PCB
layouts.

Y{LUMINANCE)

+12v

TO R26
AND iC58d

-0 ov
/71’7 * = NEW COMPONENT

NOTE:
Q2 = 2N3906

Fig. 2 The fix, part one.

,—Jn * = NEW COMPONENTS

NOTE.
Q2 = 2N3906
D* = 1N4001 OR SIMILAR

Fig. 3 The fix, part two — overcomes drift and lack of
oscilloscope.

-0 +12

”I” * = NEW COMPONENTS

NOTE:
Q1 = 2N3904

Fig. 4 An added bonus — better colour all round.
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PROJECT UPDATE

UPDATE

Stan Curtis gives a few hints on how to improve the performance
of his original System A design without too much difficulty.

ince the original System A design was first published
S in ETI, July to September 1981 several thousand

pre-amplifiersand over 50 power-amps have been
built to my own knowledge based upon sales of PCBs by
my company. Inevitably some modifications and improve-
ments came about and the more important of these are
listed below. The articles are still available as photo-
copies and have recently been reprinted in ETI’s sister
publi;tation, Electronics Digest (Winter 1985, Vol. 6,
No. 3).

Pre-Amplifier

1. In a very few cases, high frequency oscillation
could occur in the equalisation stage. This is caused by
the particular combination of components used by the
constructorand should nothappeniftherecommended
parts are used. If it does happen wire a3p3 min. ceramic
capacitor between Q12 base and collector.

2. Dueto wiring interactions, there may be high fre-
quency oscillation at some volume settings. This is
avoided by wiring a 2k2 resistor between the wiper of
RV1 and the junction of R29 and C13. This modification
should be made to all pre-amplifiers.

3. The sound quality on the disc inputs can be
improved by replacing C12 (10u tantalum bead) with a
10100V polyesterofthe Siemens layertype and by wir-
ing a 1000p 1% polystyrene capacitor in parallel with
C3

4. The pre-amplifier sound is also greatly improved
by using good quality metal film resistors throughout
(Mullard MR25 and MRS25 are quite suitable).

5. Transistors Q1 and Q2 in the moving-coil stage
may be type BD379.

RHC
RHC

330R 100u
3v

TANT
e

Rv2
k0

330R

Rv2

o l

330R

LHC

Fig. 1 The balance control, before (left) and after (right).
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6. The balance control carries DC current inten-
tionally to ensure that constant resistance is overcome.
This does mean that there is an audible brushing noise
wheneverthe controlisturned. If this provesanirritation
the circuit modification shownin Fig. 1 can be made. The
balance control must be a wirewound type. Any other
type will degrade the stereo separation. In my opinion,
this modification worsens the sound quality.

7. The System A pre-amplifier benefits from a gen-
erous power supply. The transformer should have a
minimum 60VA rating and, if space permits, the reser-
voir capacitors, C1 and C2 (1000u), could be increased to
4700pu.

Many constructors prefer to drive each channel of
the pre-amplifier from its own regulator (IC1 and 1C2)
although this involves a modification to the board
layout. It is also worth increasing the supply rails to
+18 volts by using 7818 and 7918 regulators and an 18-
0-18 volt transformer. Capacitors C2 (1000u 16V) on
the disc modules will then need a 25V rating. No other
changes are necessary.

Power Amplifier

1. The sound quality is improved by using 1% 1/4W
metal film resistors throughout.

2. Withmostgoodloudspeakersitisworth removing
the Zobel network (C8, R41) and replacing the output
choke (L1, R40) with a TOW wirewound OR22 resistor.

3. There will be some difficulties in setting up the
amplifier unless zener diodes ZD1 and ZD2 are close
tolerance types or closely matched to each other.

4. CapacitorC1 canbeleftoutor, if there is adanger
of DC offset voltage at the pre-amplifier output, replace
it with Tu0 100 volt polyester.

5. Capacitor C3 should be replaced by a 22p 100V
polystyrene type.

6. When setting-up the standard current, the case
should be as complete as possible since this affects ther-
mal equilibrium.

7. The heatsinks should be chosen to allow the
amplifiertorunata case temperature of between40 and
50°C. Since each output transistor dissipates 40W, each
shgyld beboltedtoaheatsink havingarating of less than
1°C/W.

8. The powersupply wiring, the output wires and the
wires tothe output transistors should be as thick as prac-
tically possible (at least 2.5mm).

9. Constructors will find it worth resetting the stand-
ing currentand DC offset voltage after the amplifier has
been in use for about ten hours. |
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TECH TIP

TECH TIP

Two Chip Auto-Dialler Paul Harding

When usinga modem with ahome
computer, it is convenient if the
computer can dial the destination’s
number, as is the case with Prestel
systems. Although the more expen-
sive modems do this, the cheaper
ones do not. The circuit shown here
accomplishes the automatic diall-
ing function with a minimum of
components.

When READY is high, data on DO
to D3 is loaded into IC1 by briefly
taking DIALHigh. Itshould be noted
that the circuit does not check that
READY is active before accepting
the digit data; and if this is not the
case, the digit being dialled will be
immediately interrupted by the new
one, and this will lead to indeter-
minate numbers being sent. Further,
to dial a zero, decimal ten must be
loaded.

Theflipfloparound IC2bandcis
set by the DIAL pulse, READY goes
low and the oscillator IC2d is en-
abled. Clock pulses are sent to IC1,
causingitto countdown,andalsoto
the monostable around IC2e and f,
which generates precisely defined
output pulses. —

When {C1 finishes its count, C
goes low, and, after a short delay
produced by R1 and C1 (to ensure
thatthe monostable triggersreliably
on the final clock pulse% IC2aresets
theflipflop. The oscillatoris switched
off, and READY returns high, indica-
ting that the next digit can be
loaded.

To set the circuit up, the TEST
pointis cut,allowingthe oscillatorto
free run. Monitoringthe outputwith
an oscilloscope, adjust PR1 for a
repetition period of 100ms, and PR2

so that the output is high for 60ms
every cycle. These figures ensure

compatibility with the BT system —
but see below. Do not forget to
relink the TEST point.

Sincethe circuitis entirely CMOS,
it will run off the computer’'s power
supply without putting the latter
under strain. Using a regulated
supply will ensure that the oscillator
frequency does not drift.

If the circuit is to interface with
TTL, low value (about 2k2) pull up
resistors will be required on the
inputs. They are also desirable if the
circuit is not going to be perman-
ently connected to the computer,
but in this case can be higher values
(100K-1M0). They mustbe connec-
ted to ground in this case.

(Note: This circuit must not be
connected to British Telecom Lines
because it has not gained the
required approvals. It can, of course,
be connected to private exchanges.)

+5V
T
4
po 72] 70 e 15 PIN 14, IC2
D1 ()-—‘I

D2 O———H
D3 00—

e,
DIAL

NOTE:
iC1=4516B
1C2 = 401068
D14 = 1N4148

Circuit of auto-dialler.

+5V ~¢

READY
Q

1N4001

CR—
oata[ 3 auto
DIALLER

DIAL ———— 10k
ouT
REAQY

Line connection diagram.

O LINE
! NC CONTACT

(BT APPROVED RELAY)

_____ CRAOLE CONTACT
|f \I(OPEN WHEN HANDSET DOWN})
i
|
i
i

LINE

TELEPHONE

1

SET UPDIGIT
ON 'DATA’

STROBE
‘DIAL’

(NEXT DIGIT)

WAIT 800ms

Auto-dialler software.
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ETI PCB SERVICE

In order to ensure that you get the correct board, you must tLuote the reference code when ordering.
c

The code can also be used to identify the year and month in whi

a particular project appeared: the first

two numbers are the year, the third and fourth are the month and the number after the hyphen indicates the
particular project.

Our terms are strictly cash with order — we do not accept official orders. However, we can provide a
pro-forma invoice for you to raise a cheque against, but we must stress that the goods will not be
dispatched until after we receive payment.
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E/8402-1 Speech Board

Mini-Mynah
E/8402-2 MP (Modular Preamp) Disc

input(mono) ................... 3.80
E/8402-3 MP Output stage (stereo) 3.80
E/8402-4 MP Relay/PSU........... 3.80
E/8402-5 MP Tone, main (mono) ... 3.80
E/8402-6 MP Tone, filter (stereo)... 3.80
E/8402-7 MPBalancedoutput (st) . . . 3.80
E/8402-8 MPHeadphoneamp (st). . .3.80
E/8402-9 MP Mother Board
E/8403-1 Power Meter, stereo ..... 6.93
E/8403-2 Z80 DRAM 10.24
E/8404-2 Mains Borne RCrovr..... 3.80
E/8405-1 Auto Light Switch........ 4.11
E/8405-2 ZX81 EPROM Prog
E/8405-3 Mains Borne RC xmtr. .... 5.70
E/8405-4 Centronics Interface ..... 4.06
E/8405-5 Vario ................... 7.95
E/8405-6 Midi Drum Synth......... 3.63
E/8406-1 Oric EPROM Bd
E/8406-2 Spectrum Joystick ....... 3.52
E/8407-1 Warlock Alarm .......... 9.45
E/8408-1 joystick Interface........ 3.96
E/8408-2 EPROM Emulator
E/8408-3 infrared Transmitter. ..... 3.96
E/8408-4 Infrared Receiver ........ 3.96
E/8409-1 EX42 Kybd Interface .. ... 3.93
E/8409-3 Dry Cell Charger......... 2.82
E/8410-1 Echo Unit............... 3.95
E/8410-2 Digital Cassette 10.25
E/8410-3 Disco/Party Strobe. ... ... 5.31
E/8411-1 AM/FM Radio (4 bds) ... 14.61
E/8411-2 Control Port-controlbd ...12.70
E/8411-3 Control Port-1/O bd. .. ... 6.62
E/8411-4 Capacitance Meter....... 3.68

O00000ooooooono

0000000 0O O0O0o0oooooao

E/8411-5 Video Vandal (3 bds)....12.44
E/8411-6 Temperature Controller. .. 3.02
E/8411-7 Mains Failure Alarm

E/8411-8 Knite Light .............. 3.96
E/8411-9 Stage Lighting Interface ... 3.74
E/8411-10 Perpetual Pendulum ....3.38
E/8412-1 Spectrum Centronics. . ... 3.57
E/8412-2 Experimenter's DRAM. .. 14.72
E/8412-3 Active-8: Motherboard. .. 12,22
E/8412-4 Active-8: Protection Unit . .. 3.69
E/8412-5 Active-8: Crossover ...... 3.69
E/8412-6 Active-8: LFEQ .......... 3.69
E/8412-7 Active-8: Equaliser ....... 3.69
E/8412-8 Active-8: Delay Unit...... 3.69

1985

E/8501-1 Active Bass speaker...... 2.82
E/8501-2 DRAM Card Update. ... .. 3.61
E/8501-3 Digital Delay (2 bds) ....27.18
E/8502-1 Digital Delay Expander. .. 11.28
E/8502-2 Data logger............. 6.21

E/8503-1 Combo preamplifier. .. ... 4.74 .

E/8503-2THD metermV &osc.bds. .. 7.41
E/8503-3 THD meter mains PSU ... 3.63
E/8503-4 THD meter battery PSU ... 1.59
E/8503-5 ParaGraph Equaliser
IP/MSP & OP/PSU bds
E/8503-6 ParaGraph Equaliser
filterbd........................ 4.93
E/8504-1 Framestore Memory ....12.05
E/8504-2 Framestore ADC/DAC.... 6.21
E/8504-3 Framestore Control
E/8504-4 Buzby Meter............. 3.56
E/8504-5 CCD Delay .............. 3.82
E/8505-1 6802 board.............. 8.22
E/8505-2 EPROM prog. update ....5.28

E/8505-3 Scoreboard controller,

PSU and opto-isolator bds
E/8505-4 Scoreboard digitaldriver ... 4.27
E/8505-5 Stereo Simulator......... 3.64
E/8506-1 Audio mixer mainbd . .... 6.40
E/8506-2 Audio mixer PSU bd. ..... 3.98
E/8506-3 Audio mixer RIAAbd..... 2.62
E/8506-4 Audio mixer tone ctrl. .. .. 2.85
E/8506-5 EPROM Prog Mkli
E/8507-1 Noise Gate............... 5.72
E/8508-1 RCL Bridge '
E/8508-2 EX42/BBC Interface...... 3.25
E/8508-3 EPROM Emulator
E/8509-2 Direct Injection Box. .. ... 290
E/8509-1 SpectROM
E/8510-7 Sorcerer Boards
E/8510-9 Sunrise Light Brightener. . . 6.
E/8510-8 MTE Power Supply
E/8511-1 MTE Waveform Generator 4.83
E/8511-2 Millifarodometer. . ....... 4.69
E/8511-3 Cymbal Synth............ 6.04
E/8511-4 Memory Scope
E/8511-5 Chorus Effect............ 5.16
E/8511-6 Rhythm Chip <
E/8511-7 Enlarger Exposure Meter . .. 3.
E/8511-8 Switching Regulator....... !
E/8511-9 Second Line Of Defence. . . 9.
E/8512-1 Specdrum Connector
E/8512-2 MTE Pulse Generator. .. .. :
E/8512-3 Specdrum
E/8512-4 DI Compression Gate

O00DO00000O0O0O0O000000000D0OO00DOO0O0cO0O0O0 O
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* PCB available from another source. See the original article for details.

How to order:
Indicate the boards required by ticking the boxes and send this page, together with your payment,
to: ASP Readers’ Services, PO Box 35, Wolsey House, Wolsey Road, Hemel Hempstead,
Hertfordshire HP2 4SS. For credit card orders, telephone 0442-41221.

Payment in sterling only please. Prices subject to change without notice.

Total for boards £. .

Signed . ... . ..

Add 50p p&p

Total enclosed £

PLEASE ALLOW 28 DAYS FOR DELIVERY

Due to the recent change of manufacturer, a number of boards have not yet been priced. The
above list does not include any boards from projects published before the beginning of 1984,
although a number of these are still available. All queries as to price and availability should be
directed by letter only please to the address shown on this order form.
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REVIEW

THE SINCLAIR STORY
Rodney Dale. Price £9.95

Gerald Duckworth & Co. Ltd., The OId Piano Factory,
43, Gloucester Crescent, London NW1 7DL

For better of for worse, Clive
Sinclair has approached the
realms of legend among the hard-
done-by people of Britain. To
some extent, the responsibility
for his elevation rests with the
media, forwhom Sinclair has been
the human face of new technol-
ogy. He conforms to the stereo-
type boffin with surprising
accuracy — high dome forehead,
bespectacled searching eyes,
bohemian beard and impish grin
playing around the corners of his
mouth seeming to demonstrate
the impassive wisdom of an other-
worldly sage. It is surprising that
he has never — to my knowledge
— been photographed wearing a
white lab coat.

Surprising because a large part
of the responsibility for the trans-
formation of Clive Sinclair rests
with the man himself. The press
may need the human face,
governments may need the
obvious symbol of British know-
how and even the public may
need heroes of Sinclairs modern
dimensions, but without his relish
for publicity and his undisputed
talent for hype they would all
have been disappointed.

Triumph Of Hope

Sinclairs career has been a
model of ambition undiluted by
disappointment — a triumph, as
they say, of hope over experience.
Never, by all accounts, a cautious
man he has succeeded evenas he
failed, and this is hismost interes-
ting contradiction. From the class-
room dreams of founding the
SinclairMicro Kit Co.tosellacrys-
tal set kit (recorded by the author
with wry amusement) to the near-
collapse of Sinclair Research and
the actual collapse of Sinclair
Vehicles has been close on 30
years of skating on thinice. Sinclair
remains the entrepreneurial spirit
incarnate, a man who never tires
of going to market and, above all,
a supreme self-publicist. It has
won him millions (and lost him
millions, too) because through it
all his confidence has survived
undimmed. Whatever his current
scheme — no matter whether it
be good, bad or completely over
thetop — hedisplays the faithofa
true believer. Conviction about
matters technological is more
than enoughtowin overthe hearts
of the non-technological.

Sinclair is not ashamed to be
preposterously optimisticand he
has the confidence trickster's

60

talent for insinuating that maybe
— just maybe — he's right, even,
for instance, when normally
rational and experienced people
consider a project as utterly ridi-
culous as the C5.

Even our author takes the
unusual step (for him) of admit-
ting that the C5 was a failure. Yet,
he can’t quite bring himself to
accept that it was a misbegotten
project, blaming the rush to
market and focusing on the vehi-
cle's safety problems. The fact is
(as a Which magazine report
demonstrated) that the C5 was
badly designed, inefficient and
massively hyped as well as
dangerous.

Triumph Of Hype

Sinclairs hyping technique
emerges from this book, despite
the author's valiant attempt to
bury the real Clive Sinclair under
a mountain of superlatives. We
learn that our hero is ‘fired by
elegance’, that he ‘is a man of
great kindness and compassion’,
that‘his mind is quick’ and that it
is a ‘boundless jigsaw. We are
introduced early on to his sensiti-
vity, frankness, love of argument,
capacity for hard work intuitive
genius, ‘capacious’ memory, wide
range of interest and love of the
social whirl. But wealsolearn that
he made his first killing by selling
manufacturer’s reject transistors
to the public under his own type
numbers; that the first Sinclair
Radionics product — the Micro-
amplifier — was advertised in
1962 using a picture of it that
claimed to be the actual size but
was (as the author says) ‘in fact ...
slightly below actual size’; that
the 1964 X-10amplifierwas adver-
tised as delivering 10 Watts RMS
when it was only designed topro-
duce 2%: watts; that reliability
problems were almost built-in to
the early Sinclair amplifiers and
calculators; that it took a year
fromfirst marketing the infamous
Black Watch in 1975 to get the
thing working (among the prob-
lems being a case made out of
unglueable plastic); and that an
early picture of the C5 was faked
to make the driver seem to be as
high off the road as the driver of a
Mini. In short, we learn that
Sinciair's professional life hasbeen
dedicated to marketing gim-
micks and that — as often as not
— they sacrifice quality and effi-
cientoperation for smallness and
allegedly instant availability.

Almost every Sinclair product
has been designed to pre-empt
an existing market development
and to win customers by empha-
sizing miniaturisation, cheapness
and availability now. Well, the
availability is often a myth (as
anyone who waited for delivery
of a ZX80, ZX81 or Spectrum can
tell you) and when it isn’t, it is
usually achieved (like cheapness
and miniaturisation) atthe costof
qualityand reliability. The answer
tothe oft-repeated question as to
why Sinclair has never seemed
able to exploit a market lead is
quite simply that his whole oper-
ation is designed to produce the
market lead and not the sustained
sales that should follow it. More
oftenthan not, Sinclair's products
are shoddy by comparison to his
competitors’. And even though
the competitors may have taken
their time coming to market and
may charge a little extra for their
products, they will sell because
they are better thought out, bet-
ter designed and better suppor-
ted than competitive Sinclair
products.

None of this is explored in
Dale’s book. Rather than assess
Sinclair's real strengths and weak-
nesses, he has been content to
contribute tothe growingbody of
hagiography surrounding the
man. And he has been prone to
sketchiness and over-writing in
doing that.

Tongue-Tied

The trouble is that Dale seems
almost embarassed to ask the
most interesting questions of his
subject-matter. Forthe most part,
he is content to record the chron-
ology of Sinclair's career — rely-
ing on the testimony of friends,
relations, cotleagues and Sinclair
himself. Interestingly, he seems
not to have spoken to anyone
now outside the charmed circle
of Sinclair associates. Chris Curry
is written about but his opinions
and memories have not been
canvassed (he deserted Sinclair
Research to found Acorn). The
Spectrum designers, Richard
Altwasserand Steven Vickers, are
dismissedinacouple of sentences
(they deserted to form Jupiter
Cantab). We are told virtually
nothing about the development
of the ZX80 orthe’81, although a
deal is said about Sinclair's nego-
tiations with the BBC around the
time the 81 was launched. There
is almost nothing of a technical
nature here and little to interest
designers. Asforthe low-downon
Sinclair's production and finan-
cial arrangements, the informa-
tion is as incomplete and
unilluminatingas you could derive
from regurgitated press releases
and newspaper clippings.

When Dale addresses what he
apparently considers issues of

moment, he seems to become
tongue-tied. On the develop-
ment of a computer-literate
society, for example: ‘It seems
quite clear in retrospect that just
what sort of future needed ahome
computer to prepare its budding
citizens for, was, to say the least,
hazy’ We can only be thankful
that he usually skirts around such
questions. Unfortunately, they
arethe onlysortthatseem to mat-
ter with Sinclair.

The Entertainer

Contrary to received wisdom,
themanis notatechnologicaltor-
nado but an entrepreneur with a
technical background who spot-
ted a trend which began in the
hobbyist market and moved to
encompassall of us spearheaded
by the increasing sophistication
and cheapness of electronic tech-
nology. Had Sinclair been a bet-
ter businessman, he might now
besittingat thetop of ajapanese-
style electronics empire — for
Sony, Matsushita and Sharp all
started life like Sinclair Radionics.
As it is, he has never managed to
fully convertinsights into innova-
tion, gimmickry into style or
development into growth. His
success (which is noteworthy)
has less to do with business
acumen or technological exper-
tise than with the ways in which
technology and business have
become ingrained into our cul-
ture. His products have struck
chords somewhere within the
popularimagination, his achieve-
ment has been to create an enter-
tainment out of technological
development. For doing this we
label him a gepius and a master-
mind, but he is in reality a hoaxer
whohas convinced usthatscience
and commerce are more malle-
able and less monolithic than
they are.

All this happened with the
development of the microcom-
puter, which is where Clive Sinclair
really began. It is ironic that he
displays continuingaspirationsto
make a lasting contribution to
human civilization, doubly ironic
thatamongthe steps he has taken
in this direction are the develop-
ment of the C5 as a‘real’ vehicle
and of the QL as a business
machine intentionally starved of
games software. The C5’s biggest
success has been with holiday
camps as a sort of arena-less
dodgem and Sinclairs greatest
contribution to computing, no
doubt, will be remembered as
the production of the Spectrum,
the games playing machine of
the 80s.

Unfortunately, Rodney Dale
missesoutonall these fascinating
dimensions of the Sinclair story.
The real tale is yet to be told.

Gary Herman
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OPEN
CHANNEL

Itlooks asthoughwe are about to
be saddled with 1125-line high-
definition television! The Oct-
ober/November meeting of
CCIR delegates in Geneva
decided to put a proposal before
a plenary session of the CCIR in
1986, recommending the adop-
tionofthesystemasaworld-wide
standard. This sounds quite
innocuous as far as it goes, the
only apparent drawback being
the paranoid delusions it will
engender in the minds of televi-
sion producers who discover that
their programmes will have the
potential of aworld-wide market.
The higher picture and sound
quality is also a boon.

But surely all is not that hunky
dory. Presently, we have the best
television content, that is, the
highest programme quality, in
the world. You only have to
sample the multi-channels of
trite tripe available to our North
Americanbrethrentoknow that. |
venture to suggest that this is

because we have strict regula-
tions regarding the number of
channels, amount of advertising,
etc. Two developments in televi-
sion technology could, and most
likely would, change all that. The
first is that of cable television
systems. With cable, many more
than our exclusive four channels
are piped into our homes,
supposedly to let us have a
greater choice in what we watch.
Creatintheory, but lousyin prac-
tice. We may have the chance of
20, 30 or more television chan-
nels, but what programms do we
put on them to watch? Our pro-
gramme manufacturers couldn’t
possibly make enough high-
quality programmes to fill all
those channels. So what would
we get? Yes, you've guessed it,
many, many imported pro-
grammes of trite tripe.

The second development to
change our high-quality televi-
sion contentwillbethe 1125-line
world-wide standard. Not only
will.it be possible for trite tripe
programme manufacturers to
find slots to place their trite tripe
programmes, but it will be tech-
nically easier, too, because no
conversion is necessary — it's a

ALF'S PUZZLE

The puzzle this month is the
whereabouts of the great man
himself. We haven't clapped
eyes on him since the ’slight
disagreement’ which resulted
when FleaByte complained about
Alf's unscheduled appearance in

be expected and the snipe-nosed
pliers have now been surgically
removed. The mystery deepens
with the arrival this week of an
anonymous letter, postmarked
Spain. 1 never dun it’, this
mysterious missive informs us, it
was a 4068, and you'll find out
why in this month’s Digital
Superglue article”. We will leave

world-wide standard, remember.
So even more trite tripe pro-
grammes will find their way into
our homes.

Don’'t misunderstand me, I'm
not against the improvement of
picture quality that a better tele-
vision standard will give, it's just
the loss of programme quality
which worries me. | mean, what's
the point of having the potential
to view A-rated movies, when all
you can actually see are B-rated
movies?

The other thingthat worries me
about a world-wide television
standard is who will benefit from
manufacturing the television
equipment. If you think that
British manufacturers will be able
to compete successfully with
those of othernationsthen| think
you've been watching too many
B-rated movies already! It's a
Japanese standard and they've
already got the equipmenton the
conveyor belt — we would have
to design and develop our own
equipment from scratch, or
badge-engineer Japanese equip-
ment. Even the large continental
manufacturers like Philips will
have a hard job competing, so
what hope Britain? No, the only
way European television manu-
facturers will be able to surviveis
to have a European standard,
such as the C-MAC system
developed and proposed by the
IBA. This way the Japanese, and
Americans (who have already
adopted the 1125-line standard),
willnot be able to compete effec-
tively because they will be con-
centrating on their own equip-

Unfortunately, the CCIR is
concerned for the most part with
the purely technical aspects and
the advancementof principles in
telecommunications. So the
1125-line high-definition Japan-
ese and American scandard will
probably become the world
standard.

Band II

It's funny, but in a convoluted
way, talking about new television
standards begs the question
about what happens to the old
standards. Forinstance, when the
existing 625-line PAL standard
came about, what happened to
the old 405-line standard. Well,
until just a short time ago televi-
sion transmissions still existed on
the radio Band {il, so that people
withold 405-line receivers (there
can'thave beenthatmanyaround)
didn’t have to rush out (?) and
buy one of those new-fangled
625-line tellys. It's ironic that as
we are about to make a decision
on anew television standard, the
last but one is only just closing
down. As the decision is made
nextyearonaEuropean or world-
wide high-definition television
standard, the old Band I{l istobe
re-allocated to other telecom-
munications services. At least it's
a reminder that whatever hap-
pens to television communica-
tions, there’s no rushing the user.
And we, as users, can always vote
with our feet!

his Scratchpad column last readers to draw their own | ment. We'll also have higher o .
month. Flea Byte is as well as can conclusions. quality television programmes. Keith Brindley
CROSSWORD ow
1) IF, THEN, , one of BASIC’s 1) A type of small microphone
No. 1 Solution next month. constructs (4). capsule (8).
_ 2) To send out electromagnetic 2) Audio transducer (7).
1 2 o 3 |4, [3 6 7 radiation (8). 4) Input on a tape recorder for
£ 8) Cassette access button on a distant control of on/off switch-
tape recorder (5) ing (6).
10) Another term for VDU (7). 5) One of the two bipolar transis-
8 9. 10 11) Large manufacturer of mag- tor polarities (1, 1, 1).
netic tape (1, 1, 1). 6) Electrical value indicator (5).
12) A whole number (7). 7) One time round on a coil (4).
15) Reuseable memories, usually 9) Variable resistor or capacitor
n | 12 13 UV eraseable (6). 7)
16) A power of ten, asin ........ 13) Covered with a film of lubrica-
ta counter (6) tion (7).
T = 19) Whole, independently move- 14) Connéctor, often screwdown,
2 R ; able graphic objects on a com- for cables (8).
. puter screen (7). 17) One quarter of 4081 CMOS
20) Frequency measuring instru- 1C? (3, 4).
e = ment (1,1, 1). ‘ 18) Two-channel audio (6).
22) Large resistive voltage 19) Abbreviation for a CRT-based
21 reducer, as found in older test instrument (5).
television sets (7). 21) High-to-low or low-to-high
22 23 24 24) FET terminal (5). voltage transition (4).
25) Sub-atomic particle (8). 23) Abbreviated name forvariable
P 26) Print CHR$(7) and this will resistor (3).
& sound (4).
i € ETI
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Enquiries

We receiveavery large numberof enquiries. Would
prospective enquirers please note the following
points:

@ We undertake to do our best to answer en-
quiries relating to difficulties with ETI 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 willneed 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 willnot replytoenquiries relating toother
types of article in ETl. We may make some excep-
tions where the enquiry is very straightforward or
where it is important to electronics as a whole;

@ Wereceive alarge number of letters asking if we
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 a long and detailed list of past pro-
jects. To help both you and us, we have made a full
index of past ET| projects and features available
(see under Backnumbers, below) and we trustthat,
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.

@ Bebriefand tothe pointin yourenquiries. Much
as we enjoy reading your opinions on world affairs,
the state of the electronics industry, and so on, it
doesn’t help our already averloaded 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:
Overseas: £22.50 Surface Mail
$29.50 Surface Mail (USA)
£49.50 Air Mail
Send your order and money to: ET! Subscriptions
Department, Infonet Ltd, Times House, 179 The
Marlowes, Hemel Hempstead, Hertfordshire, HP1
1BB(chequesshould’be made payable to ASP Ltd).
Note that we run special offers on subscriptions
from time to time (though usually only for UK sub-
scriptions, sorry).

ET! 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 year only from
the date of issue. The cost of each is the current
cover price of ETI plus 50p, and orders should be
sentto: ETI 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-
vestobeunavailable, orwhere theissue yourequire
appeared more than a year ago, photocopies of

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
month and yearinwhich itappeared. Where anarti-
cle appeared in several parts you should list these
individually. An index listing projects only from
1972 to September 1984 was published in the
October 1984 issueand canbe orderedin thesame
way as any other photocopy. If you are interested in
features as well as projects you will have to order an
index covering the period you require only. A full
index for the period from 1972 to March 1977 was
published inthe 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 index in January 1984, the 1984 index in
January 1985 and the 1985 index in December
1985. Photocopies should be ordered from: ETI
Photocopies, Argus Specialist Publications Ltd, 1
Golden Square, London W1R 3AB. Cheques, postal
orders, etc should be made payable 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 to write a
featureonatopicthatwouldinterestETI 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. Writetothe 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. Checkyour bank statementtosee if the cheque
you sent has been cashed.

4. If you don't receive a satisfactory reply from the
supplierwithin, say, twoweeks, writeagain, sending
your letterrecorded delivery, ortelephone, and ask
what they are doing about your complaint.

If you exhaust the above procedure and still do
notobtain asatisfactoryresponsefrom the supplier,
then please drop us a line. We are not able to help
directly, because basically the dispute is between
you and the supplier, buta letter from us can some-
times help to get the matter sorted out. But please,
don’twrite tous 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, subject to certain con-
ditions, if a supplier goes bankrupt or into liquida-
tion between cashing your cheque and supplying
the goods for which you have paid, then it may be
possible for youtoobtain compensation. From time
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 justonce, after which anote will beinser-
ted to say that a correction exists and that copies
can be obtained by sending in an SAE.

ERVICE SHEET

Single Board Controller (March 1985)

There wereanumberof errorsin the parts list. RP2 is
listed as a 10k SIL pack butis actually four separate
resistors, and the same applies to RP3. RP4 is also
listedasa SIL pack butshould consistof seven com-
moned resistors, R13 is always required, not just
when a cassette interface is used as stated.

The Real Components (May 1985)

In Fig. 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, IC1-5).

Noise About Noise (July 1985)

inFig.5 onpage 24, noconnection shouldbe 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 |C17
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
beenin touch toinform us that the refresh problem
we mentioned in September ETI 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, that an
actual program has been omitted. This program is
for use with the SOK 8085 kit only, and copies may
be obtained from us on receipt of a stamped
addressed envelope.

Tech Tips — Novel Input Stage (October 1985)
The caption against the lower figure should read
“Low noise outputatminimum gain”, not maximum
gain.

Chorus Unit (November 1985)

IC3 is shown on the circuit diagram on page 49
connectedtothe9V supply. Itshouldbe connected
tothe 5Vsupply. Thefoil pattern connectionstothis
I1C are correct.

Foil Patterns (November 1985)

The foil patterns for the Modular Test Equipment
Waveform Generator and the Chorus Unit are
shown from the component side rather than the
copper side.
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CLASSIFIED

Lineage:

45p per word (minimum 15 words)
Seml Display: (minimum 2 cms)
£11.00 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)

01-437 0699 Ext 291

Send your requirements to:
) Stuart Taylor

ASP Ltd.,

1 Golden Square,

London W1.

COMPONENTS EQUIPMENT

Resistors - E12 Series | & g irona £ Linear
YW 5% Carbon 1.5p | Standard Antex C 15W  6.75 | IN914 5p | 655 27
ea.Any 100 £1-4R7 10 | ToggleSPST _ 48p | Antex CS17W  6.85 | IN4001 5p | 556 55
10M VW 1% Metal 4p | Min.Slide DPDT 22p | Antex XS25W  6.95 | IN4148 4p | 741 3
ea. Any 100 £3-10R | Standard Side 24p | MLXS 12v 7.55 { OA91 9p | ICM7555 .80
to AM7 Min. Push To Make | Spare elements 240V wooos(sov; ng LF351 55
80 | WO4(00V) 42p | LF353 89
oy "4‘}'(7“"’,'5,(""5’5"& Min. Push To Brask | SKS Soldering Kis [T 1420 | [irise %8
K p .
AT Sazp e S00K Rotary 1P12W, (CSiron, Stand.Solder | Bags Pl o
Un, 1K, 2K2, 4K7, | 2P8W. & Bookiet) .| BC10® 14p | 4001 18p
10K, 22K, 47K, 100K, | 4P3W' 569 ea. | StandForAboveirons (BC141  36p | 4002 18p
220K, 470K, 1M, 2M2 | Rotary mains 235 | gC179 22p | 4007 23p
-42p’ea. 4ADPST 469 | Solder 10MPack 1.20 | pc182  12p | 4011 18p
Any 10 for £3.70 Connectors et Multimeters B8C183 12p | 4012 18p
LEO'S PP3 BuneryCIIp12p 2000 OPV 12 Ranqea BC184 12p | 4013 23p
Smm Red gp | 2:6mm Jack Piug 12p BC212 12p | 4016 32p
Smm Green 13p | 28mm Jack Socket 200000PV23Rnnoos BC214L  12p | 4017 45p
SmmYeliow  13p 12p 16.96 | BC308  12p | 4020 s7p
3mm Red gp | 35mmJsckPiug12p | LCD Digital_ 36.75 | BC548 12 | 4025 18p
3mm Green 139 3.5mm Jack Socket ["AB8 Boxes Black BFY61 3p | 4027 3sp
3mm Yellow 14p | "71x46x22mm .49 | 2N3804  13p | 4040 45p
5mm Mnting Cllpnlp Terminal Block 76xB0x35mm .87 | 2N3906  13p {4048 85p
| _9mm Mnting Clips 4p Tmﬁml Biock 2P | 96x71x35mm g5 | 2N3055 __50p o0 :gs
| Veroboerd 0.1 Matrix | 15105 %0 | Jsxoensmm 150 | 7005 a8 | 471 18p
Strips £ c
26164 10 .30 | DIbIC Sockets 207x122x77mm 2.80 | 7812 45 | 4072 18p
Baxgs 24 108 (° g} 8p | 213x142x87mm 2.76 | 7815 45 | 4073 18p
95127 38 135 | J4E 196 [ Miscsflaneous Telos 0 R T
96x95 38 128 WS,WEO ;gg é:ob 18mm BIk/Hog et 3 | 4078 189
Switches Coax Line Conn, . 4081 18p
Sub  Min. Toggle | Aerial Bplitter £1.10 ;:”'l‘:j‘“’ 20mm oK igﬁ 4082 18p
SPDT anp 13A Cable Conn. PM"“ T oun : 4093 31p
Min. Toggle SPDT | 3Way 85p | Peizo Transducer 4812 52p
85p | Croc Clips Insuiated CabinetFestA K
(Red or Black) 12p net Foet d"“h':
All Prices inciude VAT, Add 80p Postage and Plckqo Cheque or Postal Ordor to:-
C.P.L. ELECTRONICS 8 Southdean Close, + ) , Cl TS8 OHE.
Tel: 0842 691157 8.a.8. For Complete Price List of Components, Kits, Tools, eta.
ELECTRONIC AIRLINK TRANSFORMERS
ES A b Y manufacturer of Torodial and
standard transformers. - Phone

¢ Ful1 range of components
o Speakers and Accessories
¢ Audio Connectors & Swiiches
o Amplifier Modules and Cases

Free Price List avallable

13A STATION ROAD
CULLERCOATS,NORTH SHIELDS
TYNE AND WEAR NE30 4PQ
091-251 4363

NEW AND SURPLUS com-
ponents in stock. Spectrum Radlo
& Electronics Ltd, 36 Slater St,
Liverpool L1 4BX. Tel. 051-709
4628.

THE HUNT ELECTRONICS
COMPONENTS CATALOGUE is
FREE. Its full of top-quality com-
ponents at excellent prices. Phone
0283 703071. P.O. Box 57, Derby
DE6 6SN.

CHEAP, CHEAP!
Mail order only.
L8138 50p 4118 £1.20
L8244 73p 4164 £1.10
L8245 83p 41268 £5.80
L8373 83p 2784 £2.40
L8303 95p 27128 £5.50
Add £1 P&P. Bend 20p + 8.A.E. for price list.
C. Bank, 9 Jubliee Rd., Porchester, Hants.

RESISTORS, CAPACITORS.
1,000 mixed carbon film 1AW, V4W
12W, 2%, 5%, 10% resistors £2.9
+ 50p P&P. SAE for detaiis to: D.J.
Hooker, Romney Marsh, Elec-
tronics, Clark Road, Greatstone,
New Romney, Kent TN28 8PB.
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Mike Dornan, Newmarket 0638
662989 for detaiis.

BEST PRICE DEVICES

ALL THE LATEST FASTEST DEVICES NOT TO BE
CONFUSED WITH SLOWER QLD STOCK

OFFERED ELSEWHERE

ORAM EPROM

5vNMOS 150ns 8y NMOS 280ns

4164 84k x 1 £090 27162kx 8 £2.05
41258 2568k x 1 £3.80 27324kx8 £4.45
4416 16k x 4 £2.80 27648kx8 £2.50
50464 84k x 4 £5.80 27128 16kx 8 £3.45
SRAM 27256 32k x 8 £6.95
5v CMOS 180ns+ Sv CMOS 280n8
61162k x 8 £1.85 27C84 8kx8 £8.50
82648k x 8 27C266 32k x 8 £18.00

£4.40
VERY 8PECIAL OFFER 2716 Intel 450n8 (Ex-equip.)
ONLY £1.80 EACH OR £7.80 FOR B.

LINEAR Each ]
BIFETS

TLO72CP 50p £2.10
TLOT4CN 80p £3.50
TLOB2CP 40p £1.80
TLO84CP 88p £3.60
REGULATORS

All TO220 ggckags)

812 P £1.80
78M12 35p £1.80
LM337 £1.20 £6.80
OTHER Each 5
LINRAR

ES58 20p £0.80
LM311P 40p £1.80
LM324 40p £1.80
LM348N A5p £2.50
LM3s8 ABp £2.40
SN78154N 96p £4.80
OPOTCP £1.20 £5.00

ORDERS OVER £25 DEDUCT 10% DISCOUNT
DD 15% V.A.T. POST FREE
ORDERS UNDER£25ADD 18% V.A.T. PLUS 500 P&P
Lists of other offers processors etc. sent
DESPATCH BY RETURN C.W.0,

MICROKIT LIMITED
MANORPARK RAUNOS NORTHANTS NN$ 6PD

RS AND FARNELL
COMPONENTS
All:-R8 Components/Farnell Components avall-

able to order. Please write/phone stating re-
quiremants to:

TRILOGIC, 20 Hoime Lane, Bradford BO4 0QA.
Tet: 0274-885026.

13a Station Road
Cullercoats - North Shields

Tyne & Wear - NE30 4PQ
Telephone 091 2514363

REGULATORS

CASES & BOXES -

WRITE OR

TRANSISTORS - RESISTORS - CAPACITORS -
DIODES - LED'S - SCR'S - ICS - VOLTAGE
DISPLAYS - AUDIO & EDGE
CONNECTORS - VERO/PCB'S - INSTRUMENT

MODULES - MICROPHONES & STANDS.

PHONE FOR

POWER AMPLIFIERS &

FREE PRICE LIST.

YOU ARE NEVER FAR FROM A

/ BROADCAST MIXER

56 Fleet Road, Benfleet, Essex SS7 5JN
03745 3381 or 03745 3256 for full details

PARTRIDGE
COMMUNITY

JBA ELECTRONICS
Specialists in manufacture and
design of:

Microprocessor, Telemetry, and
Audio-based systems.

UNIT 8,
BRECON INDUSTRIAL ESTATE,

BRECON, POWYS, S. WALES

Tel: (0874) 2563

(" LABELIT!

PROFESSIONAL QUALITY LABELS AND
BADGES MADE TO ORDER

Low cost ® Varlous colours and styles ¢
Engraved by us ® Very hard-wearing
waterproof piastic or metal
Fast efficlent service
Write to Rob Thomson for FREE detalis

THOMSON
Electronics
Radio Communication Specialists
Basement Oftice, 8 David Place,
St Helier, Jorsey. Tel: 0534-75170

.

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: haistead
(0787) 477408.

TECHNICAL AUTHORS. iilus-
trators M.O.D. IC designers Soft-
ware — Fortran, Pascal, CNC
(APT), European Languages
(0903) 501 763.

WANTED

TURN YOUR SURPLUS tran-
sistors, IC's etc into cash. Con-
tact Coles Harding & Co., 103
South Brink, Wisbech, Cambs.
Tel: 0945 584188. immediate
settlement.

WANTED: Large quantity of low
cost 1p 5w rotary switch, P.C.B.
vertical mounting, shieided 5
inputs; to switch RF: 1vpp up to
800MHz. Contact M.K. Amin, 334
%cgenson Rd., Manchester M13



KITS SOFTWARE

J. Linsley Hood Designs
PP

Distortion Analyser Kit. £25.00 €1 00

Millivotmeter Kit. £12.25 £0.75
Case and Panet for above £12.00 £1.00
ETI Mosfet P.A. Kit. £51.00 £1.50
Audio Signal Gen.

(.02%) Kit. £28.50 £1.50
Audio Signal Gen.

(.002%) Made £46.00 £2.00
Fixed Freg. Sig/Gen.

(.002%) £14.00 £0.50
Case and Panel for above £950  £0.75
Reg. P.S.U. 1.5/35 volts

from £12.80 £0.00

S.A.E. for full information.
TELERADIO ELECTRONICS
325, Fore Street, London N9 OPE. Tel: 807 3719

ELECTRONICS ORGAN KEY-
BOARDS. and other parts being
cleared out. Special offer: Elvins
Electronic Musical Instruments,
40A Daiston Lane, London E8.

FM TRANSMITTERS. Same day
depatch. MINATURE MODEL fre-
quency 60-145 Mhz, range 1 mile.
Glass fibre P.C.B. All com-
ponents. Full instructions 9-12V
operation, broadcast reception.
Super sensitive microphone. Pick
up on FM/VHF radio. £6.95 inc or
ready built £8.95. Size 57 x 19 x
12mm. HIGH POWER MODEL. 3
watts 80-108 MHz. Professional
broadcast performance. Low drift
varicap controlled. Range up to 7
miles. 12V operation. Any input
audio/microphone. Al com-
ponents P.C.B. diagrams and
instructions. Size 103 x 39 x
29mm. Kit £13.99 inc. or ready
built: £18.99 inc. TONE GENERA-
TOR: 3-selectable functions; PIP,
Warble and pulse tone: All com-
ponents, instructions & P.C.B.;
feed into any audio input or
transmitter; variable frequency
and gating controls. 6-12V opera-
tion 53 x 38 x 14mm. £5.50 incl.
TONE GENERATOR POWER
AMPLIFIER. All components,
instructionsand P.C.B. Turnstone
generator into a high power siren
for alarms; 18 watts max. At 12-
57V. 62 x 38 x 14mm £7.00 in-
clusive. ZENITH ELECTRONICS.
21 Station Road Industrial Estate,
Hailsham, E. Sussex BN27 2EW.

POWER SUPPPLIES

NEW ADJUSTABLE
1 AMP DC PSU

3 to 9V or 9 to 15V current limited,
battery circult, high quality, builtand tes-
ted, £14.50. Remote switching option
£1.50, case £2.50. Please add 15% VAT.

RYD DESIGN LTD
Railway Station
Rye. E. Sussex TN317AB

150W SWITCHMODE PSU. +5V
@ B8.4A; +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.
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YAESU FT 757GX
CAT Control Program for BBC Computer. Full control of transceiver, with selectable freq. step rates, 300
memory storage per tile. Splitand A/B Vto selection. In tact all the extras that are rnissing fs
boon to the SWL It allows scanning of all your special stations without twiddling the knog). This works with the
Yaesu intertace or we can supply one atless than half price. The prog is available on discat£10or 16k ROM @
£15.00. We have thoughts on other programs for Yaesu 9600 and 8800 let us know your interest regarding

either CAT progs.

Other products RTTY PC Boards and boxed units for the BBC, Com. 64, Amstrad and many more computers.
Also AMTOR for the BBC. AMTOR timing PC boards now available. Please SAE or ring: Mr. J. Metvin G3 LIV,
2 Salters Ct., Gosforth, Newcastle.. Tyne & Wear NE3 5BH. Tet: 091-284 3028.

rom Yaesu. Thisisa

COMPUTER

ADD-ONS

6809 CPU, 14, 32, & 128K RAM/EPROM
cards. Disk/Real-time Clock, VIA &
bieeper card. Flex O/S. All chips, cases,
P/supplies, K/boards, etc from stock,
bulid your own 6809 Flex system from
scratch. Sae for detalis:
RALPH ALLEN ENGINEERING
Forncett End, Norwich NR16 1HT
Tel: 095 389420

FOR SALE ALARMS

POWER AMPLIFIERS 200 WATTS
£12.95 . .. Case plus controls and
sockets ... Tested. Glass/PCB. ..
4x MJ 3001/to 3 output. 100 +
100W . .. (MRP £38.40) plus data
... KIA, 8 Cunliffe Rd., {ikley LS29
9DZ.

SYNTHESIZER, Maplin 5600s
almost completed. All necessary
included. Lack of time forces sale.
£150 ono. Calvin 0705 385034.

CORTEX READY BUILT with
RS232. Completely working.
£100. Tel: Sedgley 73201.

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 details to:- ESS Amplifica-
tion, 269 Hessle Road, Hull.

TEKTRONIX OSCILLOSCOPES.
556 dual beam four trace S50MHz
delay sweep £375. 546 dual trace
S50MHz delay sweep £175.551 dual
beam eight trace 19MHz £185.
581A dual trace 85MHZ £155.
545B dual trace 24MHz delay

sweep £135. Storage oscllio-
scopes, semiconductor curve
tracers, manuals, plug-ins,

spaces. Tel. (01) 868 4221.

PLANS 'N DESIGNS

AMAZING ELECTRONIC plans,
lasers, gas, ruby, light shows,
high voitage teslas, van de graph
surveillance devices, ultrasonics,
pyrotechnics, new solar
generator, 150 more projects,
catalogue. S.A.E. Plancentre,
Old String Works, Bye Street,
Ledbury HR8 2AA.

BOOKS & PUBS.

PARAPHYSICS JOURNAL
(Russian translation); psycho-
tronics, kirlianography, heli-
phonic music, telekinetics.
Computer  software. S.A.E.
4 x 9", Paralab, Downton,
Wiltshire.

SPECIAL OFFERS

CLEARANCE BARGAIN!!
THOUSANDS of components in
stock. Led 7 Segment Display,
Brand new 14 Pin Dil Red .43inch,
common anode display 0-9 with
right and left decimal point. 9
pieces £1.50 (30p each); 10 pieces
£2.50(25p each); 50 pieces£10.00
(20p each); 100 pieces £15.00
(15p each); 1000 pieces £100.00
(10p each). TELEPHONE YOUR
ORDER TO 0296 613816.

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

7"—‘7

AINTREE, LIVERPOOL L9 OHU |

SECURITY
Alarm Systems

FREE COMPREHENSIVE CATALOGUEI

@ LOWEST DISCOUNT PRICES
@ HIGHEST QUALITY EQUIPMENT
@ FREE DIY DESIGN GUIDE
@ FULLY ILLUSTRATED
@ MICROCHIP CIRCUITRY
@ QUICK DESPATCH SERVICE
@ FULL INSTRUCTIONS

SEND SAE OR PHONE
CTEC URITY, Dept EX.
Stephens Way, Goose Green,
wigan WN3 6PH
Tel:, one (0942 42444)

HEATHKIT U.K. Spares and ser-
vice centre. Cedar Electronics,
Unit 12, Station Drive, Bredon,
Tewksbury, Glos. Tel: 0684
73127.

INSTRUMENT CASES in struc-
tural foam. Made to order in small
lots. Write to Minnow Plastics, 6
Avonmouth St., London SE1 4NX.
Tel: 01-407-0910.

THE SCIENTIFIC WIRE COMPANY
811 Forest Road, London E17.
Tetephone 01-531 1568
ENAMELLED COPPER WIRE

swa 1b 8oz 40z 20z
81034 3.63 2.00 1.10 0.88
3510 39 3.82 23 1.27 0.93
40 to 43 6.00 3.20 2.25 1.61
44 to 47 8.87 5.80 3.49 275
15.96  9.58 6.38 3.69
SILVER PLATED COPPER WIRE
14 t0 30 9.09 5.20 2.93 1.97
TtNNED COPPER WIRE
14 to 30 397 2.4 1.39 0.94
Fluxcore
Solder 5.90 325 1.82 0.84

Prices include P&P VAT.
Qrders under £2 add 20p.
SAE for list of copper and resistance wire.
Dealer enquirles welcome.

LOWESTPRICED TOPQUALITY
fire and instruder alarm equip-
ment, etc. S.A.E. for catalogue.
Security Services, 162 High St.,
Hythe, Kent CT21 5JR.

EQUIPMENT

Flanger/Chorus parts
re E.T.l. Jan 84
Reverb Springs, Pedal Cases, Dummy Key-
boards, Microphones, Audioleads and adaptors,
clearance bass effects pedal and many more
iterns.
Send S.A.E. for tree price list to:-

SOLAR SOUND LTD

18 Berion Way
Croxjey Green
Rickmansworth
Herts WD3 3QA

PRINTED -CIRCUIT BOARDS
one-ofts and small quantities sup-
plied. Artwork carried out. Fennell
Industrial Electronics, 54 Watling
Street, Nuneaton, Warks CVi1
6JL. Tel: 0203 382296.

TEST EQUIP.

TOP PRICES PAID for surplus
electronic test equipment. Always
a good selection of SIG-GENS,
METERS and SCOPES for sale.
Phone (0438) 353828.

N 4
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LANCASHIRE

ETESON ELECTRONICS

168 Lower Green,
[ ] @Poulton-le-Fylde, Blackpool
Tel: (0263) 886107

Open: 9.30am-12.30. 1.30-5.30. Ciosed Wed & Sun.
Electronic Component Specialists.

KENT

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 radlo and components.

Calland browse anytime except Wednesday afternoon.

P.C.B. DESIGN and Layout
Manually taped artwork pro-
fessionally produced at competi-
tive prices. James Giedhlll.
01-674-8511.

27128-250ns - £3.25. 2764-250ns
- £2.25. 6264CP15 £3.50. All
prices inclusive for these and
other components. Write to P&R
Hardware, 134 Manchester Road,
Swinton, Manchester M27 1EP.

SPECIAL OFFERS

BARGAIN SALE HM6116LP-3
£1.50 ea. or £1.25 ea. 100+ all
new, fully guaranteed. 50p p&p.
Phone (0782) 564037 anytime.

REPAIRS

ZX SPECTRUM. VIC20, C64,
BBC, QL 15 40/41 Commodore
computers, printers, and floppy
discs. Send fauilty machine to: Tri-
dent enterprises Ltd.,, Unit 7,
Wentworth  Industrial  Court,
Goodwin Road, Britwell, Slough.

Tel: 0735 21391.

LIVERPOOL
PROGRESSIVE RADIO

87/93 Dale Street. Tel 051 236 0154
47 Whitechapel. Tel 051 236 5489
Liverpool 2

‘THE ELECTRONICS SPECIALISTS’
Open: Tues-Sat 9.30-5.30 I

TO ADVERTISE IN ETI
RING 01-437-0699

~T>SO0I~O0OMrmMmM
- 2I>20II-O0OMrm

Its easy to complain

about advertisements.
But which ones?

Every week millions of advertisements appear in print, on posters or in the cinema.
Most of them comply with the rules contained in the Briish Code of Advertising
Practice.

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'll 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 WCI1E 7HN
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BINDERS

FOR YOUR VALUABLE COLLECTION ‘

OF ELECTRONICS TODAY Camind Sy
INTERNATIONAL MAGAZINES £5.20 4 \
* SMART ¢ EASY TO USE » TOP QUALITY g inc [ﬁi e
To ASP Readers Services, PO Box 35, 'y P&pP ! J — PR "
Wolsey House, Wolsey Road, Hemel (S s 7
Hempstead, Herts HP2 48S (0442-41221) || T
'PPI;::s:p;;y.:..:..:..:El-éc;o;m-‘l'o-d'a;l;er:li;ial- -| E
t Binders @ £5.20 inc. P&P i C [ S—

: Total £ ....... (Please make cheques payable to ASP Ltd.) |

¥ Please call or write:
! SME Limited, Steyning, Sussex, BN4 3GY
: Telephone: 0903 814321 Telex: 877808 G

precision pick-up arms
I Years Required —
(.

== EBI Address

Please allow 21 days for dellvery

e e &n-:

a m CONSTRUCTOR SERIES SPEAKER KITS ¥

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

With a Wilmslow Audio Total Kit it's so easy — no electronic or woodworking ¥ o
skill is necessary. Each kit contains all the cabinet components {accurately machined
from smooth MDF for easy assembly), speaker drive units, crossover networks,
wadding, grille fabric, terminals, nuts, bolts etc.

Model CS1 is based on the Reference 101, CS3 is equivalent to the Ref. 103.2
and CS9 is based on the Reference 105.2 (but in a conventionally styled encl.}.
CS1 £116 pair inc. VAT plus carr/ins £6 . )
CS3 £138 pair inc. VAT plus carrfins £10 Ve 2150 offer a kitlless cabinet)
CS9 £383 pair inc. VAT plus carr/ins £18 oLl Lreal sy

N Lightning service on telephoned credit card orders! g
WILMSLOW AUDIO LTD. 35/39 Church Street, Wilmslow, Cheshire SK9 1AS Tel: 0625 529599
Call and see us for a great deal on HiFi, (Closed all day Mondays)

The

WINNERS

of the ASP DREAM HOLIDAY Competition

_ ArgugiSpecialist Publications Ltd. are pleased to announce Sl
- the wil hois of the &bulous Dream Holiday Competition.

A

DIY Speaker catalogue
£1.50 post free (export $6)

'/

FIRST PRIZE

Third Prize i

4 . holiday anywhere in the world
&71-up to a value of £2,500 has been

"h"""

awarded to Mr K. Gouldthorp
of 2 Woodside Road, Radcliffe
-on-Trent, Nomngham NGI2 2HJ.

Second Prn.e

M-the very latest in portable video

§ camera/recorder (worth over
£1300) goes to Mr C. K. Duffy
of 63 Cross Flats Place, Beeston,

-
l e ,*4 Leeds LSI1 TIN.

T

~ "'f“ ? *A% L
= ’A‘j.’

A

-the ever popular BBC Model B
Micro computer plus software
package, awarded to Master P. W,
Dawson of 11 Ladieside, Brae,
Shetland ZE2 95X

And the winner of the

S '

-a superb Minolta X700 camera
with 50mm lens and flashgun is
Mr Lee Sullivan of 3 Admers
Wood, Vigo Village, Meopham,

4 Kent DA13 OST.

fourth prize

ASP would like to thank everyone who entered the competmon
and CONGRATULATIONS to Mr Gouldthorp for his winning
sentence which we've printed below.

¢...to combat boredom by the beach,
keep magazines in easy reach!”




electronics today international %

BOOK SERVICE

How to order: indicate the books required by ticking the boxes and send this page, together with your payment fo: 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.

BEGINNERS GU!

Beginner’s Guide to Basic Programming
Stephenson ]

Beginner’s Guide to Digital Electronics
Beginner’s Guide to Electronics
Beginner's Guide to Integrated Circuits
Beginner’s Guide to Computers
Beginner's Guide to Microprocessors
Beginners Guide to Microcomputing

ooooOoo 4

COOKBOOKS

Microprocessor Cookbook M. Hordeski
tC Op Amp Cookbook Jung

Active Filter Cookbook Lancaster

TV Typewriter Cookbook Lancaster
CMOS Cookbook Lancaster

TTL Cookbook Lancaster

Micro Cookbook Vo'.1 Lancaster

MC 6809 Cookbook

goooooaa

ELECTRONICS

Electronic Devices & Circuit Theory Boylestad
Principles of Electronic Instrumentation De Sa
Giant Handbook of Computer Software

Giant Handbook of Electronic Circuits

Giant Handbook of Electronic Projects

Electronic Logic Circuits Gibson

Analysis and Design of Analogue Integrated
Circuits Gray

Basic Etectronics Grob

Lasers, The Light Fantastic Halimark

Introduction to Digital Electronics & Logic Joynson
Electronic Testing and Fault Diagnosis Loveday
Electronic Fault Diagnosis Loveday

Essential Electronics A-Z Guide Loveday
Microelectronics Digital & Analogue circuits and sys-
tems Miliman

Power FETs and their application Oxner
Electronic Drafting and Design Raskhodoff
Electronic Fault Diagnosis Sinciair

Digital Systems: Principles and Apphcations Tocci
Master Handbook of Telephones Traister

Gowar J. Opticat Communications Systems
Graf Encyclopedia of Electronic Circuits
Horowitz/Hill The Art of Electronics

Senior J. Opticat Fibre Communications:
Principles & Practice

Tomel Principles and Practice of Electrical and
Etectronic Troubleshooting

Wilson/Hawkes Optoelectronics: An introduction
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COMPUTERS & MICROCOMPUTERS

[ From BASIC to PASCAL Anderson

[1 Microprocessor Interfacing Carr

O Microcomputer intertacing Handbook A/D & D/A
Carr

O Troubleshooting Microprocessors and Digital Logic
Goodman

[1 How to Design, Buitd and Program your own working
Computer System Havilland

O Microcomputer Builders’ Bible Johnson

[J Digital Circuits and Microcomputers Johnson

[J PASCAL for Students Kemp

[1 The € - Programming Language Kernighan

[ Theory and Practice of Microprocessors Nicholas

O Microprocessor Circuitss Vol.1. Fundamentals and
Microcontrolliers Noll

O Microprocessor Applications Handbook Stout

O Handbook of Microprocessor Design and
Applications Stout

0O Programming the PET/CBM West

O The Art of Microdesign Berk A.A.

O starting FORTH Brodie

O Thinking FORTH Brodie

[J SCR Manual 6th Edition General Electric.

O Videodisc and Optical Memory Systems Isailovic

O A Practical Introduction to New Logic Symbols
Kampel

oaoaoao o aa

Computer Techr.iques Handbook Margolis
Bulld your own Expert System Naylor
Interactive Video Parsloe

Programming with D Base 1ll Progue
Artiftcial Intelligence Shirai/Tsujii
Superfine Programming In C Stewart W
The Big Red Book of C Sullivan

VLSI Technology SZE

A User Gulde to the UNIX System Thomas
Going from BASIC to C Traister
introductlon to Pascal Welsh/Elder
PASCAL 3rd Edition Findley/Watt

goooooooooad

REFERENCE BOOKS

Electronic Engineers’ Handbook Fink

Electronic Designers’ Handbook Giacoletto
Handbook for Electronic Engineering Technicians
Kauffman

Handbook of Etectronic €alculations Kauffman
Modern Electronic Circuit Reference Manual
Marcus

Handbook of Microcircuit Design & Applications
Stout & Kaufman

O OO gaa

International Transistor Selector Towers
tnternational Microprocessor Selector Towers
International MOS Power and other FET Selector
International Digital IC Selector Towers
International Op Amp Linear iC Selector Towers
Htustrated Dictionary of Electronics Turner

ooooaa

Servicing Home Video Cassette Recorders Hobbs
Complete Handbook of Videocassette Recorders
Kybett

Theory and Servicing of Videocassette Recorders
McGinty

Beginner’s Guide to Video Matthewson

Video Recording: Theory and Practice Robinson
Video Handbook Van Wezel

Video Technique White

Grob Baslc Television and Video Systems

ELECTRONIC DATA BOOKS

O THT 83/84 Data dictionary and comparison table

O TVT A-Z Transistor equivalent book

O TVT 2N Transistor equivalent book

[ DAT 1 Part 1 of compendium covering transistors A-
BUY

O DAT 2Part 2 covering C-Z transistors

0 DAT 3 Part 3 covering 2N21-2N6735

[ DAT 4 Part 4 covering 25A,2SB,25C,2SD,2SJ,
2SK,3N,35J,35K,4000

O LIN 1 Linear operational ampiifiers data and com-
parison tables

[ LIN 2 Linear voltage stabilizers, data and
comparison tables

O TTL TTL digital data and equivalent book

[ DDV/1Part 1 European diode data equivalent book

O DDV/2Part2 American and Japanese diode data and
equivalent book

Y =T

Please send me the books indicated. | enclose cheque/postal order for
£ Prices include postage and packing.
| wish to pay by Access/Barclaycard. Please debit my account.
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Signed .

Name ...

Address ..




Pick up a copy of our new 1986 catalogue from any branch of

W.H. Smith for just£1.45

Or post this coupon now, to receive your copy by post for just
S £1.45+ 40p p &p. If you live outside the U.K. send £2.50 or

11 International Reply Coupons. | enclose £1.85.

Name ...

'l
s a Address . . Ly —
|

ETI

—  —— ———

MAPLIN ELECTRONIC SUPPLIES LTD.
Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR.
Telephone: Southend (0702) 552911

SHOPS

® BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356 7292

® LONDON 159-161 King Street, Hammersmith, W6.
Telephone: 01-748 0926.

® MANCHESTER 8 Oxford Road, Tel: 061-236 0281.

¢ SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 225831

¢ SOUTHEND 282-284 London Rd, Westcliff-on-Sea, Essex
Telephone: 0702-554000

Shops closed all day Monday.

'



