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QWILL THE VALVES

BUILD OUR TRIODE PRE-AMP

AND FIND OUT FOR YOURSELF

PLUS

N KEEP TRACK OF YOUR TELEPHONE WITH THE
' ETI INTELLIGENT CALL METER

DIGITAL PANEL METER TO BUILD
ELECTRONICS-BAD FOR YOUR HEALTH?

—




OVP POWER AMPLIFIER MODULES
OMP POWER AMPLIFIER MODULES vowenoy -

world-widg reputation for auality. reliability and performance at a reahstic price. Four models
available to suit the needs of the professional and hobby market. r.e.. Indusiry, Leisure,
Instrumentat and Hi-Fi. etc When comparing prices. NOTE ali models include Toroidal
vower supply, Integral heat sink, Glass fibre P.C.8B  and Drive circuits to power compatible
Vu meter Qpen and short circuit proof Supplled ready built and tested.

OMP100 Mk If Bi-Polar Output power 110
watts RM.S into 4 ohms, Frequency Res-
ponse 16Hz - 30KHz —3dB, TH.D. 0.01%,
S.N.R. —118dB, Sens. for Max output
500mV at10K, Size 355 X 115 X 65mm
PRICE £33.99 + £3.00 P&P.

OMP/MF100 Mos-Fet Qutput power 110
watts RM.S. into 4 ochms, Frequency Res-
ponse 1Hz - T00KHz —3dB, Damping Factor
80, Slew Rate 45V, uS, TH.D Typical
0.002%, Input Sensitivity 500mV, S.N.R
—125dB, Size 300 X 123 » 60mm. PRICE
PRICE £39.99 + £3.00 P&P.

OMP/MF200 Mos-Fet QOutput power 200
watts RM.S into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
250, Slew Rate 50V/uS, T.H.D. Typical
0.001%, Input Sensitivity 500mV, S.N.R.
—130dB, Size 300 X 150 x 100mm PRICE
PRICE £62.99 ~ £3.50 P&P.

OMP/MF300 Mos-Fet Output power 300
watlts RM.S into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
350, Slew Rate 60V uS, T.H.D. Typical
0.0008%, Input Sensitivity 500mV, 5.N.R
—130dB, Size 330 % 147 » 102mm PRICE
PRICE £79.99 - £4.50 P&P.

NOTE: Mos-Fets are supplied as standard (100KHz bandwidth & Input Sensitivity 500mV) If required
P A version (50KHz bandwidth & Input Sensitvity 775mV) Order - Standard or P A

Vu METER Compatible with our four amplifiers detailed above A
very accurate visual display employing 11 L F D diodes (7 green, 4
red) plus an additional on off indicator Sophusticated logic control
circurts for very fast rise and decay times Tough moulded plastic
case, with tinted acrylic front Size 84 - 27 - 45mm
PRICE £B 50 -~ 50p P&P.

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

POWER RANGE

8" 60 WATT R.M.S. Hi-Fi. Disca,

20 0z magnet 1. ally voice coil Ground ally fixing escutcheon Res Freq 40Hz Freq Resp 1o
6KHz Sens 92dB PRICE£10.99Available with black grille £11 99 P&P £1 50 ea

12" 100 WATT R.M.S. Hi-Fi/Disco

50 0z magnet 2" ally vaice coil Ground ally fixing escutcheon Die-cast chassis White cone Res
Freq

25Hz Freq Resp to 4KHz Sens 95dB PRICE £28 6C - £3 00 P&P ea

McKENZIE - .

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

2" ally voice coil Ally centre dome Res Freq 45Hz Freq. Resp. to 6 5KHz Sens. 98dB PRICE £29.99
+ £3.00 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 £31.49 + £3,00 P&P ea

15" 150 WATT R.M.S. C15 Bass Guitar/Disco.

3" ally voice coil Die-cast chassis Res. Freq. 40Hz Freq. Resp. to4KHz PRICE £57.87 + £4.00 P&Pea
10" 60 WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A.

2" voice coil. Res. Freq. 75Hz Freq. Resp. to 7 5KHz Sens. 899dB. PRICE £19.99 + £2.00 P&P
10” 200 WATT R.M.S, C10200GP Guitar, Keyboard, Disco.

2" voice coil. Res. Freq. 45Hz. Freq. Resp. to 7KHz. Sens. 101dB PRICE £44.76 + £3.00 P&P

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

Res. Freq. 40Hz. Freq. Resp. to 5KHz. Sens 101d8. PRICE £62.41 + £4 00 P&P

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

Res. Freq. 40Hz. Freq. Resp. to 4KHz. Sens. 102dB PRICE £89.52 +£4.00 P&P.

57 70 WATT R.M.S. Multiple Array Disco etc.

1" voice coil Res. Freq. 52Hz Freq. 52Hz Freq. Resp. to 5KHz Sens. 89dB PRICE£22.00 + £1 50 P&Pea
8" 150 WATT R.M.S. Multiple Array Disco etc.

1" voice coil. Res. Freq. 48Hz Freq. Resp to 5KHz Sens. 92dB PRICE £32.00 + £1.50 P&P ea.

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

1" voice coil Res. Freq. 35H2 Freq. Resp. to 4KHz Sens. 92dB PRICE £36.00 + £2.00 P&P ea.

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

11%," voice coil Res. Freq. 35Hz Freq. Resp. to 4KHz Sens. 94d8 PRICE £47 00 + £3.00 P&P ea

SOUNDLAB (Full Range Twin Cone}

5" 60 WATT R.M.S5. Hi-Fi/Multiple Array Disco etc

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

1" voice coil. Res. Freq. 56Hz. Freq. Resp to 20KHz. Sens 89¢B PRICE£1099+ £150 P&P ea
8" 60 WATT R.M.S. Hi-Fi/Muitiple Array Disco etc

1%" voice coil Res. Freq 38H7 Freq. Resp. to 20KHz. Sens 89dB PRICE £1298 - £1 50 P&P ea
10" 60 WATT R.M.S. Hi-FisDisco etc.

1'%," voice coil Res. Freq. 35Hz Freq. Resp. to 156KHz Sens 89dB. PRICE £16.49 + £2.00 P&P

P HOBBY KITS. Proven designs including glas

,@A fibre printed circuit board and high quality

components complete with instructions. o
FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive
microphone. Range 100/300 metres. 57 x 46 x 14mm (9 voit)
Price: £8.62 + 75p P&P.
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controfied
professional performance. Rnnga up to 3 miles 35 x 84 x 12mm
(12 volt) Price: £14.49+ 75p P&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 30 x 70 x 22mm (8/12 voh). Price:
£17 82 Transmitter 80 x 50 x 15mm (9/12 voit). Price: £11.29
P&P + 75p each. S.A.E. for complete list.

[R,su-.w_
3 watt FM
Transmitter

POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL
VISA ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT

=" | BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER
... VISA/ACCESS/C.0.D. ACCEPTED.

Access

A

* PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY

SERVICE » LARGE S.A.E. 28p STAMP FOR

BURGLAR ALARM

Better to be "Alarmed' then terrified.
Thandar's famous ‘Minder Burglar Alarm System.

RRENT L

IDEAL for Work-
shops, Factories,
Offices, Home,

Supenor microwave principle Supplied as three units
complete  with interconnection cable. FULLY etc. Supplied
GUARANTEED. ready built

Control Unit — Houses microwave radar umit. range
up to 15 metres adjustable by sensitivity control |
Three position. key operated facia switch — off — test
— armed. 30 second exit and entry delay
indoor alarm — Electronic swept freg
104dB output.

Qutdoor Alarm — Electronic swept treq siren 98dB ;
output. Housed n a tamper-proof heavy duty metal
case

Both the control unit and outdoor alarm contain re-
cnargeable batteries which prowvide full protection
during mains failure. Power requirement 2007260 Volt
AC 50/60Hz. Expandable with door sensors. panic
buttons etc Comaolete with instructions

SAVE t138.00 UsualPrice £22885
BKE's PRICE £89.99 + £4.00 P&P

? Why buy a cnllaction of self assembly boards!

OMP LINNET LOUDSPEAKERS

The very best in guality and value. Made speciaily to suit todays
need for compactness with high sound output levels. Firnished in
hard wearing black vynid= with protective corners, grille andcarry
handle All models 8 ohms Full range 45Hz - 20KHz Size 20" -
156" - 12”7 Watts RM S per cabinet. Sensitivity TW 1mtr 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

OWIE

siren

1 K-WATT
SLIDE DIMMER

« Contro! loads up
to 1Kw

L» Compact Size
437 w17 . 20,7
* Easy snap n fix-
ing through panel
cabinet cut out

* Insulated plastic
case

* Full wave con-
trol using 8 amgp
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.
MF600 Fan cooled. Three models {Ratings
R.M.S. into 40hm5). Input Sensitivity 775my

MF200 (100 + 100)W. £169.00 Securicor
MF400 (200 + 200)W. £228.85 Delivery
MF600 (300 + 300)W. £299.99 £10.00

B8S800

* Suitable for both resist-
ance and inductive loads In-
numerable applications in
industry. the home, and
disco’s, theatres etc

PRICE £13.99 - 75p P&P

BSR P295 ELECTRONICTURNTABLE
* Electronic speed control 45& 33" ;rpm *x Plus

Minus vanable pitch control « Belt driven « Aly
minium platter with strobed nim = Cue lever x Anu
skate (bias device) * Adjustable counter balance *
Manual arm « Standard '.” cartrige fixings: «
Supplied complete with cut out template *x D C.
Operation 9-14v D.C. 85mA

Price £36 99  £3 00 P&P

ADC Q4 mag. cartridge for above Price £4 99 ea  P&P 50p

PIEZO ELECTRIC TWEETERS - MOTOROLA
Join the Piezo revolution The low dynamic mass {no voice coil) of a Piezo tweeter produces an
improved transient response with a lower distortion level than ordina‘y dynamic tweeters As a
crossover is not required these units can be added o existing speaker systems of up to 100 watts
{more if 2 put in series) FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER.
TYPE "A"(KSN2036A) 3" round with protective wire
mesh, ideal for huokshelf and medium sized Hi-fi
speakers. Price £4.90 each - 40p P&P

TYPE ‘B" (KSN1005A) 3"," super horn For general
purpose speakers, disco and P.A. systems etc. Price
£5.99each - 40p P&P.

TYPE 'C’ (KSN6Q16A) 2" « 5" wide dispersion
horn For quality Hi-fi systems and quality discos etc
Price £6.99 each : 40p P&P

TYPE ‘D’ (KSN1025A) 2" « 6" wide dispersion
horn Upper frequency response retained extending
down to mid range (2KHz) Suitable fer high quatity
Ht-fi systems and quality discos. Price £9.99 each

- 40p P&P

TYPE 'E’ {KSN1038A} 3% horn tweeter with
attractive silver fimish trim. Suitable for Hi-fi monitor
systems etc. Price £5.99 each + 40p P&P

LEVEL CONTROL Combines on a recessed mount-

ing plate. leve! control and cabinet input jack socket

85 = 85 mm Price £3.99 + 40p P&P

TYPE
A TYPE B

\/\,

s
Tm TYPE E

N:>\ )
TV Plgo\j

STEREO DISCO MIXER

STEREO DISCO MIXER with2 ~5band L. &
R. graphic equalisers and twin 10 segment
L E.D. Vu Meters. Many outstanding features
5 Inputs with individuat faders providing a
useful combination of the following:—

3 Turntables (Mag). 3 Mics, 4 Line.plus Mic |
with talk over switch. Headphone Monitor
Pan Pot. L. & R. Master Output controls. Out-
put 775mV. Size 360 X 280 \ 90mm

Price £134.99 — £3.00 P&P

B. K. ELEGTRONICS x

ETI
UNIT 5, COMET WAY, SOUTHEND-ON-SEA,

ESSEX. §S2 6TR TEL: 0702-527572
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18p; 15, 36p; 22 45p; 33, 47 50p; 100 5K-2M Single Gange Lt S 00 BC214L 12| BF2as 38
95p; 10V: 15,22, 26p; 33,47 50p; 100 | 2K-2M Single Gang DP 100n.120n 0P | gC237/ 10| BF246 45 L orders
80p: BV: 100 55p e ’ 5K-2M Double Gang Log & Lin ... 150n,180n 12p | gcoces  35{BF256A 45 RF Chokes Miniature PCB type Just phone your
i BV: . gggn.NOn 1259 BC3078 15| BF2568 50 | 1uN. 2u2 4u7. 10u. 22u 33u. 47u. 100u. 220u. 330u 470u  35p orders through
MYLAR FILM CAPACITORS SLIDER POTENTIOMETERS on 3oon 29p [ Bc30s  12|BF2s7jn 32| 1mM. 1mS gm2 am?10mK 40p | we do the rest
100V: 1nF, 2,4, 4nF, 10 8p; 15nF, 22n, | 0.25W log and linear values §0mm aon 30 1op | BC318  BOJBFSY 30} 22mH. 33mM. 43mH A7mH 80p tel
T 8C327/8 12{BF275 55| 100mH. 220mH 750 0923 50234
30n, 40n, 47n Tp; 56n, 1000, 200n Bp; 5K — 500K singte gang 8op 34p 2u2 50p i
50V: 470nF 12p. Graduated Bezels for above 45p
CERAMIC CAPACITORS 50V: PRESET POTENTIOMETERS Tuseorr £l 11EE Chjuie
Range: 0.5pF to 10nf 4p 0.1W Miniature Horizontal or Vertical TMS9929 £16 | LF355 85 | TA7130
15nF, 22nF 33nF; 47nF 5p 10052 to 4M7 8p ULNZO03 75 | LFa58 85 | TA7130
100nF/20V 7p 200nF/6V_8p 0.25W Larger 1G0R to 3M3 Horz ~ 12p UPD7002 440 tggg; :gg ;ﬁ% :g
WD 1691 £14
POLYSTYRENE CAPACITORS: 025Wlarger200Rto4M7 vertical  12p | Ug B9, g | Lmto 325 | TAD100 40
10pF o 1nF 8p: 1.50F to 12nF 10, %" cermet multiturn preset WD2143 850 | LM301A 30 | TBA120S 40
PF to ¥nF 8p; 1.5nF to 12nF 10P. 100 £ t0 500k 89 260ACRU 4M 380 | LM3OT 45 | TBASAD &
SILVER MICA (Values in pF} zsacrTe 285 | LM308T 75 | TBAS50Q
Z80A CTC 310 | LM311 60 | TBABA1 40
2,3.3.4.7.6.8.10. 12, 15. 18,22,27. 33,39, 47, ZB0ere 0 [maten 150 | TBAS00 a0
50, 56, 68, 75, 82, Z80A DART  goo | LM319 180 | TBABI0S 50
85,100, 120, 150, 180pf 15p each 280 DMA 795 | LM324A 45 { TBAB2OM 20
200, 220, 250, 270. 300, 330, 360. 390, 470. ZB0ADMA 925 [ LM334Z 125 | TBA920Q eg
560, 800, 820pf 21p each | 2114 280 PIO 250 | LM337 250 | TBAS20Q oo
P - 2147 Z80A PIO 31s | LM333 40 | TCA270Q
1000, 1200, 1800, 2200pf 30p each | 3545 2805101 850 | (M348 60 | TCA2BOA gg
3300, 4700, 5600pf 80p each | 2532 Z80A SI0 £a tmgg |§g TG 50
MINIATURE TRIMMERS Capacitors e Z80ASi0-2 €9 | MRS L || a0
2tobpf,2t0 10 22p | 256KDram LM380 80 | TDA1008 :o
2-25pF 5-65pF 30p | 26501 LM38IN 175 | TDA1010 o
10-88pF 36p | 27185V Lm382 190 | TDA1022 a0
e LINEARIC LhMass “20 | ToAtoas RS
i x 2764-250 8
RESISTORS Carbon Film, miniature. Hi-Stab, 5%. 7G04 LM387 200 | TDA1054 ‘1‘5)3
RANGE val  1-99. 100+ | 27128-250ns LM3se 160 | TDA1480 120
025w 202 — 10M E24  3p 1p 27256 556Cmos 80 | LM393 85 | TDAZ002 =
05w 202 — 4M7 E12  3p i 3242 702 50 [ LM384CH 380 | TDA2003 120
W 202 — 10M E12  6p pis 4027 709CBpin 35 | LMS58 170 | TDA2004 o
4116-200n 710 50 | LM725CN 300 | TDA2006 o
2% Metal Film 510 — 1M E24  6p 4p 4164 741 8 pin 16 | LM733. 65 | TDAZ020 50
1% Metal Film 510 — 1M E24 S5p 4p 4416-2 747C 14pin 60 | LM1458 35 | TDA2030 110
100+ price applies to Resistors of each type not | 4816-100ns 748C 8 pin 35 | LM1871 300 | TDBO791 170
mixed. 4864 AM26LS31C 810 160 | LM1883 400 | TL170 170
6116-150 AMZ26LS32A 9400CJ 375 | 1-M2907 395 | TL4B7 78
NETW L. 6116L-120 AM26L533 ADCOB08 1000 | LM2817 285 | TL497A
?E(:SI:L?)I::G‘E ':?;“1(050:. Leson o 6117-100n s | am7a10 AY-1-1320 225 | LM3300 70 | TUS07 5
2 b U g g g 6167-6 AY-3-1015 AY-1-5050 99 | LM3909N 85 | TLs09 o0
4K7, 10K, 47K, 100K 18p 6264L-15 AY-5-1013 AY3-1350 350 | LM3911 185 | TLOBICP oo
8 Commoned (9 pins) 1500, 1809, 2701, 3300, 63A03 CD4724 Booklel for LM3214 300 | TLO62CP 300
1K, 2K2, 4K7, BKB, 10K, 22K, 47K & 100K 20p. | 6402 COMB017 AY-3-8910 150 | LM3915 290 | 1L0BICN 00
= — | 6502CPU 08748 AY-3-8912 410 | LM3916 300 | TLO71CP 250
65024 DM8131 AY-5-1317A 630 | LM13600 110 | TLO72CP -
DIODES VARICAPS BRIDGE 65C02 DPB303 AY-5-1350 368 | LS7220 380 | TLO74CN 180
S RECTIFIERS &4 AY-5-8100 575 | LS7225 380 | TLOBICP 225
6504 CA3011 130 | M51513L 230 | TLOB2ZCP 280
AAT1G BB1058 40 6504 250 CA3012 175 | M51515L 320 | TLOB3CP 560
AA129 10 | 88106 40 | 1A/50V 6505 CA3014 275 | Ms1516L 475 | TLOB4CN 250
AAY30 1A/100V 20 | 6520PIA DS8BLS120 CA301B 85 | MB3712 200 | TLOGICP 500
BA100 I 1aa00v 25 | 6522viA DS8820 CA23019 90 | MB37S6 440 | UA2240 350
BY100 1A/600V 30 | §522A DS8830 CA3020 210 | MC1310 135 | UA78540 375
BY126 TRIACS 2A/50V 26 | 6530 210 | MC1455 50 | UA9637 375
BY127 2a/200v 40 | B532RRIOT 110 | MC1458 35 [ UAATTO a7s
GRO33 " 2A/400V 42 | B545RTC 255 | MC1458 300 | UAA180 225
OA8 3A200V 2A/600V . 50 | BS51ACIA 270 | MC1488 70 | ULN2002A 225
OAAT 3A400V §A/100vV 83 | 6582PC 275 | MG1aB9 70 | ULN2003 225
OATO 8A100V 6AA00V 96 | B5C112 365 | MC1494 695 | ULN2004 70
a9 8A300V Toa200v 215 | 6800 70 | MC1495 300 | ULN2803 £10
OB B8ABDOV 10A/600v 298 | 6802 295 | MC1496L 70 | ULN2283 200
OABS 12A100V 25A/200v 240 | B9A02 215 | MC1596 225 | UPCS56 180
12A400V v 396 | 6803 65 | MC3d02 75 | UPCS575 200
D490 12A800V 25A/800 6805 180 | MC3401 50 | UPC1025H 350
0OA91 16A100V 6808 HDB3A03RP 160 | MC2403 65 | UPC1156H 250
0Ag5 16A400V s 6809E HMBBASSP . 80 | MC3404 85 | UPC1181 375
DAZ00 81 1sag00v 6810 IMB402 CA3090AZ 250 | MC3423 80 | UPC1182 4p | 74C244 ars
Oa202 8 | 25vs00v 6818 CA3123E 165 | MF10 300 | UPC1366 8o | 745245 Ls378 85 | s412 380
1N914 4 | 25As00v 29 6820 CA3130 85 | MFG6040 75 | XR2206 §5 | 74C373 LS378 127 | 5470 32§
1N916 S | T2800 6821 CA3140 45 | ML924 275 | XR2207 &5 | 74G374 LS380 310 | 5471 600
1N4001/2 5 68821 CA3160 95 | NE515 275 | XR2211 180 | 74C822 L5382 310 |s472 400
1N4003 8 6840 CA3181 180 | NE529 225 | xR2216 180 | 74C923 L5384 457 | 5474 400
1N4004/5 6 6843 CA3162 540 | NES31 120 | XR2266 74C925 L8385 310 |s475 428
1N400B/7 7 6845 CA3189 260 | NES34K 200 { ZN40S L5386 50 |s571 3
1N4148 4 6845SP CA3240F 100 | NES44 190 | ZN414 LS390 60 |S573 450
1N5301 12 6847 CA3280 250 | NE5SS 25 | ZN423E LS393 48
1N5404 18 6850 HA1336W 175 | NE556 60 | ZN42aE LS395 100
1N5406 1 6852 HA1366W 160 | NE558 170 | ZN425E LS396 195
1N5408 9 6854 HA1388 235 | NESB0 350 | ZN426E Ls398 185
1544 g 68B54 ICL7108 675 | NEs64 420 | ZN427E onas) ug
15921 9 6859 ICL7107 975 | NES65A 120 | ZN42BE iAoy 122
6A/100V 68000 ICL7611 5| NES66 150 | ZNaZ9E s
BA/400V 8017 ICL7600 250 | NESB7 95 | ZNASZ L5490 148
20V 8035 ICLB03BCC 300 | NES70 400 | ZN1034E hoaas oo
p— i 1an | 8080A 1CLa211 225 | NES532 150 | ZN1030E oL
8085A ICM7205 1150 | NES534A 120 | ZNA234A ool ulos
8088 RO-3-2513L ICM7217A  €11{ OM335 645 iseso) liz0
8123 160 | RO-3-2513U ICM7224 785 | RC41360 s5 ieoag) Keo!
8131 475 | SAAS050 ICM7240 300 | RC4558 55 2ea3 hao
8150 800 | SFFY364 ICM7555 80 | SAB3209 425 LSB45 195
ZENERS 8155 400 | SPO2S6AL ICM7556 140 | SAB3271 485 Toces a7
8156 400 { TCJ3101J LA3550. 250 | SABA4209 285 Ueces 55
81LSe5 175 | TMS2716-3V LA4Q31P 340 | 5G3402 295 Ise70 150
Range: 27 to 81L536 175 | TMS4047 LA4032 295 | SL490 300 8873 880
39V 400mW 811507 175 | TMS4164 LA4400 350 SL6270CD 150 12574 830
8p each 81L598 175 | TMS4416 LA4422: 320 | SN76227N 95 LS678 275
Range: 3V3 to 8202 £25 | TMS4500 Lc7120 300 | SPes2e 350 Usend! 300
33V 1.3W 8205 225 | TMS4532-3 LE7130 300 | SPO2BSAL 475 [S6s7 300
15p each 8212 195 f TMSB011 LC7187 aso | Taz120 120 [Sees 278
8214 195 | TMS9914 LF347 120 | TA7204 150
S o s
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? PANEL § 1
rocShTeHES DIP SWITCHES VERO iDC CONNECTORS MEFT;%RS RELAYS

GGLE 2A 250V (SPST) 4 way 65p; 6 way 80p; 8 way 85p; PHOTO DECs

SSZS;QSpDPDPéen 10 way 125p {SPDT) & way 190p Veroblock PCE Tlughs Fem:le Fgmade 60 x 46 x 35mm Miniature, enclosed, PCB mount
MIN TOGGLE " SDec.. with atch Header Cart
SPST onsoll 88 - VERQ BOARDS 01" | Eyrabveastionrd Pins  Pins  Plug Edge | S30MA SINGLE POLE Changeover
SRonfciove  S4m FOTARYISWITCHES i ; Pimboard, St Angle Conet 1 5 5004 AL-81 205R Cail, 12 DC. (10V5 to
SPOT centre off BSp (Agjustabie Stop type) Superstrip O-1mA 19,5V), 10Aat30VDC or250VAC  195p
SPDT biased bmh5 1 pole/2to 12 way: 2 pole/2 to 6 way. 3 Dote?sw :2 way gg: gg: gg: 1000 | oma -
ways 10! 4 way. 4 pole/2 to 3 wa way - eover.
BPOT 6 1ags 808 g 4 2 0wy  90p s0p sp 18sp | SIOmA e
DPDT centre off 88p SOPPERCIAD 26way  105p 110p 118p 230p | O RL-113'S3R Co#, 6v DG (5V4 to 8V9) 190p
DPDT biased ooth ROTARY: Mains DP 250V a4 Amp unvort  88p BOARDS 433 way :lgp }229 :ggp ggg: 0-500mA RLB-111 205R Coil. 12V DC {10V7 to
ways 145p ) S . way P P 13 185p
DPDT 3 positions P o Doea| Soway 185p 170p 175p 350p | >4 Y] 4 740R Coil, 24V OC 22V 1o
on/onson 185p ROTARY: {Make-a-switch} %% Jooo 1250 60way  185p 210p 225p 495p | oo 37V) 200p
4-pole 2 way 220p Make a multiway switch Shafing assembly | yepo PINS per 100 & x 12 175p  225p 0-50v
has adustable stop Accommodates ub 10 | gingle Ended..... 55 0-300V AC
SLIDE 250V: 6 walers (max, 6 pote/12 way + DP switchl. | Double ended DALO ETCH
R cdi yaply Mectamemjonty 90p | Wire Wrap S/E RESIST PEN EURO CONNECTORS ASTEC UHF MODULATORS
c/al 4 . Wire Wrap D/E .. 255p | Piys spare tip. ."100p Standard 6MHz
OPDT ":A 13p WAFERS: (make before break) to fit the above Gold Flashed &‘ema-e Socket Male  Plug nand BMH 550p
Switch mechanism. 1 pole/12 way. 2 pole/6 ['VERO TOOLS FERRIC Contacts %% 3L %r | CRYSTALS | Waehand8Mrz
PUSH BUTTON 6A way. 3 pole/4 way 4 pole/3way. 6p/2 Way 659 Spot face cutters 150p | CHLORIDE DIN41617
with 10mm Button Mains DP 4A Switch to it Sp Pin insertion lool 185p | 1ib bag Anhydrous 31 way 125p — - 175p 32768KHz 100
SPDT latching 150p Spacers 4p. Screen 8p. e 125 + 50p p&P DIN41612 100KHz 400 BUZZERS
DPDT latching 200p s 0 WIRING 2x32A4B 200p — 175p — | 200KHz 370 - 7
DPDT mament 200p f N5 aamp SINZ612 455KH 370 | miniature, soiid-state 6v:9Va 12V 70P
ROCKER SWITCHES e ey a 225p — 185p210p | 1MHz 265
Minl Non Locking ROCKER. 5A/250V SPST 28p | pare Spool..... 1 a T gl’,‘qﬁé“z gx 73 5p P210p | | ho8M 372 | PIEZO TRANSDUGERS PB2720  70p
PushtoMake 15p [  ROCKER: 10A/250V SPOT 38p | o Combs | CONNECTORS A+B+C 280p 200p 205p 300p | 1.28MHZ 450
Push 1o Break  25p ROCKER. 104250V DPOT c/off 95p 599p 1 156" 1.6MHz 200
o AOCKER 10A/250V DPST with neon ~ 85p e 2« sway - ol o PLUS (Headen 1.8MHz 545 LOUDSPEAKERS
storsn ey T A N D Seicer IDC| RIBEON CABLE oo 22| Mivature, 0.3w- 8 onin
75p each . B MMlm front mounting switches | pin  Prof Wrap  Pin 2= 18 way 1759 160p :g g:: :g: 100"’ price oerloyt 2.4576M 200 [ 2. 2%in. 210, 3n ggo
Bz‘;dgfrg'::m:ﬁ"'e ggg 8 & 200 18p | 2-22way 200 0| a0 gel 135p Grey Color | 312MHz 240 g-'“"‘s‘ioﬁi 640 or 800 2002
. i
ULTRASONIC Mounting Cheeks luD:' pair) 953 12 }8‘; ESS 335 2 5?, a:: ;28;, 2450 | 28 pin 150p 2005 | 10 way 15p 28p g,ﬁ;SZ‘M 1:2 7 : 5" 80 225p
TRANSDUCERS 18 16p 40p 33p 2% 28 way 180p ~| 40 pn 200p 255p 53 ::y ggp ;g: 36864M 300 | 8 x5 8n 250p
40 Khz 475p (pr) JUMPER LEADS (Ribbon Cable Assembly) gg ggg ggg g;: a2 oy g%g b Gatea w: 4 :lg;ﬂ;hjﬂ ;;g
Length 14pin 16pin 24 pin d0pin | 24 25p 680 420 | 2x40way 320p - ZIFTEXTOOL |26 way 55p 80P | 43yas30M 150 VIDEO MONITORS
GAS/SMOKE o 28 28p 78p 52p | 2x 43 way 400p L DIL SOCKETS |34 way 80p B5p | 4s33519M 100
Singte ended DIP (Header Plug) J 40 30p 8p 7T2p 2x 75 way 600p - 40way 70p 80P | seasMHZ 200 .
DETECTORS gisTende! RS a0eARICON M pen 24 pin 5500| 50 way 100p 135p | 4'aomHz 200 | ® ZENITH — 12" Green. Hi-
24 inches 145p 185p 240p 380p 28 pin 695p| 64 way 120p 160p | 5'oMn, 150 Resolution Popular £76
g ANTEX SOLDERING IRON i = 5185MHz 300 | g \ICROVITEC 1431 Standard
TGS813 Female IDC Header Jumper Leads 36 inches long C-16W  600p 820p SO?:“!;ET ‘D’ CONNECTORS 5.24288M 390 !

£6 sach 20pn 26 pin 34pin 40pn | Giaw  s20p e ssop | SOCKET DC NNECTORS | |eom: 1. Res. Colour RGB input

Holders for Single ended 160p 200p 260p 30O0p Spare tips. assorted size 100p {750 ey = R 6.144MHz 140 14" incl cable £176

atove 40p Dovble ended ~ 200p 370p 480p 5250 | Spare elements 2asp | 200 way  way y Y| oss3eMMz 228 | o o T a8 14

iron stand with sponge 195p Maie 7.0MHz 150
Soldertugs  55p 80p 120p 150p | 7.468MHz 175 Medium resclution £225
Angle pins 110p 175p 225p 300p | 788MHz 200 .
VOLTAGE REGULATORS SOLDERCON PINS | FCB pins 100p 100p 180p 250P | 4 OMHx 140| ® KAGA 12" Medres RGB
1A TO220 Plastic Casing Ideal for making SIL Femaie 8.089333M 395 Colour Has flicker-free charac-
TRANSFORMERS +ve - ve or DIL Sockets Soiderlugs  90p 125p 180p 275p | gg6723M 175 ters. ldeal for BBC, Apple, VIC.
3-0-3V; 6-0-6V. 90-3V; 12:0-12V. 15:0-15V @ sV 7805 45p 7905 50p 100 pins 3sp | Angle pins  150p 200p 260p 390p | 9.00MHz 200 tc £210 (car £7)
100mA 130p 12V 7812  45p 7908 50p 500 pins  100p | PCBPIns 100p 125p 195p 3559 | 100MHz 170 L ! !
PCB mounling. Miniature, Spht bobbin 18V 7815  45p 7912 50p ; 750 7T0p 70p 85p 10 24MHz 200 @ KAGA 12". As above but
VAL 24EV/O 258, ZxV/0.15A, 2A12V/012A, 18V 7818 45p 7915 50p overs L CL L 105MHz 250 Hi-Resolution £330 (car £7)
2x15V/0.2A 235p 24v 7824 45p 7918 50p - 10.7MHz 150
GVA:  2x6V/0.54, 2x9V/o 3A. 2x|2V/025A 7924 50p ALUM BOXES {DC 25 way ‘D' Plug 385p: Socket 450p 12.0MHz 1501 @ Connecting Lead for KAGA
2x15V/0.2A IOOmA TOB%P lastic package 3 xg x 1" o 1300 = 12.528M M 300 €3
. 78LO5  30p asp 4x27x2 P 1431814 170
VA o an " ovI0.aA,  212V/03A, ov 7al0s 0p - = 4222120 103 | 25 way D' CONNECTOR (RS232) | 1Mz 155 | Carriage £7 Securicor
2x15V/0 25A 250p 8V 78LO8 30p S — 4ndx2i P Jumper Lead Cable Assembly 16.0MHz 200 - —

v . 12V 78t12  30p 79L12  45p 434227 120p | 18" long Single end, Male 475p | 18.0MHz 150
;’5}*,3";5_‘5’;5-,f;g:,’/;,‘gf‘g‘;’;’fg;;g‘;’, 15V 78L15  50p 79Li5  45p 5x4x1:"  99p | 18" long Single end, Female 510p | 18.432M io| BT TELEPHONE
24VA: PxBV/1.5A: 2XOV/ 1,07, 2x\2VI1A 2815y | ICL7660 245p  TAAS50 sop | 5xdx2y 1§gp 36" long. Double Ended, M/M 995p | 19.968MHz 150 CONNECTOR

e N : 2 AC4194 375p  TDA1412 150p | Sx2hx1” P | 36" long, Double Ended. F/F €10 | 20.0MHz 150
o L L T ,‘,ﬂzvj‘z:;:fg\m’gi’ AC4195 180p  TL497A 185p | 5x2%x2:" 130p | 36" long Double Ended, M/F 995p | 24.0MHz 150

LM309K 138p  78HOS +5v/5V550p | 6rdx2°  120p 24830MHz 325 | LJU1/4A  Mini Line Master  435p
2x200 N Qe ST 20y D e L S 2oRE0RRE D) 7812+ 1205A G6x4x3"  150p 26 69M 150 [ LUU1/6A MmiLine Slave  285p
SOVA: Qutpuls +5V/BA +12V. +25V. —SV. LM317K 250p 7x5x3"  180p AMPHENOL CONNECTORS 27 5aBM 170 | LIU2/4A  Line Master 370p
12V al 1A 820p (60PPAD) | |M317KP  480p 7ene*5v :mzswav 8x6x3"  210p IDC SOLDER | 27.145M 180 | LIU2/8A Line Slave 250p
100VA: 2x12V/4A; 2x15V/3A: 2x20V/2.5A, LMa23K 450p 550p 10x4x3" 240p | 24 way IEEE plug 485p 480p | 3BE667M 240 | LJU 3/4A  Flush Master 370p
2x25V/2A; 2x30V/1.5A; 2x50V/1A  955p (75p) LM337 175p 79H5 5V to-24V/5A 10x7x3" 275p | 24 way IEEE skt 485p 480p | 48.0MHz 240 | LIU 3/8A  Flush Slave 240p
P&P charge lo be added over and sbove ournor- | LM723var  30p 785 12x5x3"  280p | 36wayCentronicsplug  375p 380p | 100.0MHz 295 | LJU 10/3A Dual Spiitier 475p

P
mal postal charge 78540 225p $2x8%3"  295p | 36 way Centromics skt 480p 450p 4 WAYBT Plug 85p

T - -
cwos 1 Rley ml_ _oro SPECIAL OFFER SPDOS
4082 20 | 4558 200 £y ECTRONICS 2 '
4000 20 |4085 o0 | 4558 a0 ACCESS ) The only professional Disc
e oo o | 1 I & VIsA L 10+ Interface for the Spectrum Micro.
4562 350 0
A 1 AE- S 10 A N 2764-250nS  185p 175
e = | 109 | 4569 175 | TL2202 Rea 12 orders through, 27128-250nS 245p  235p SPECIAL OFFER £60
4010 40 | 4097 260 | 4572 45| 2 Green. Yeliow or we do the rest 170 4
COONE 1 B IE B {0 DAY B ©'o.7-0 - 170 - 1asp
" )
petis 25 |46 e | RewGeer  fo00 MM 6264LP-150nS  315p
4014 50 | 4161 9% Green;Yellow Sp -
o Blae owmles w)ortiooy 0| B e GANG OF EIGHT
4016 25 (4183 w
4017 40 4174 9 | 4597 330 | H-BnghtnessRed 58 Co M PUTE R COR N E R EPROM PROGRAMMER
i i |41ee 105 :3335 133 e Copies up to eight ata pass. 2716 t0 27256.
Aok | a5 | 4ocer e T BBC Master 128K Microcomputer . ZoREM e e P A
4021 55 |40, 850 | 40098 42 Gf‘een Yellow 30 Seikosha GP50A & GP50S Printers checked automatically. Simple control.
4022 60 [4410 725 | 40100 215 | gectangle Stackable EPSON LX80 Dot matrix Printer Aloha liguid crystal diselay Cheksum
4023 20 4419 750 | 40101 1801 (eos LX80 Tractor Feed Attachment P q & pay-
4024 35 [4412 805 | 40102 19% | Red.Greenorveiowts LX80 Cut Sheet Feeder ..... facility 6 hex digits. FAST or NORMAL
oz 20 etz 520 | o108 120 [ Trangular LEOs Epson FX85 Dot matrix Printer RIQOIBETNG  ors
4027 30 | 4422 770 | 40108 a2 i etiow 22 Centronics GLP (NLQ) Printer ...
s0% @l w0 | Q% G| loanwifea ss | Traclor feed attachment for GLP .. MENTA — The Z80 TUTOR
e o 39 | 40108 325 | SFH205 Detector 118 inter........... : N
4031 125 | 4451 aso | 40109 100 | TIL32 Infra Red 52 KAGA/TAXAN KPS10 Printer................... ... Designed for Schools and Colleges to
4082 65 | 4430 as0 | 40110 235 | TIL78 Detector 55 Brother HR15 Daisy Wheel Printer.................. £2 teach Z80 Machine code. Menta uses TV
4033 130 { 4500 395 [ 40114 240)|BTI738 59 for display. Shows STACK & PROGRAM
4034 145 | 4501 40 | 40161 150 | TIL100 75 Secuficar Carnage on above. . in HEX. Editing facility includes: direct
4035 70 | as02 so [ 40163 75 | BARGRAPH ARRAY Cabls for above Printers to Interface to BEC Micra .. . : kevboard ASSEMBLER. RS-232 Output
4036 250 | 4503 45 | 40173 100 | Ten Segmants TEX EPAOM ERASER with Sarmy switch, Erasers up to 25 EPROMS . eyboar g : utp
4037 115 | 4504 100 | 40174 75 | MV57164 Red. Spare UV Lamp (Bulb) . e e ————— DISASSEMBLER. Used to write & debug
4038 75 {4505 250 | 40174 sof| MVSSIB3IGHFe: short machine code routines Menta is a
4039 270 1 4508 100 [ 40187 20 CALL IN AT OUR RETAIL SHOP FOR A DEMONSTRATION OF complete controller with 24 bits of /D
pos SIEH =) ibies 2l isourons ANY OF THE ABOVE PRODUCTS. BE SATISFIED BEFORE YOU used for ROBOTICS. i
4042 25 | 4510 55 | 40193 901 174 75 BUY. YOU MAY WRITE IN FOR OUR DESCRIPTIVE MICRO £99
4043 45 | 4511 55 | 40104 ;" 1LD74 145 CATALOGUE.
4044 50 | 4512 ss | 40168 a3 ors 2715
4045 110 | 4513 150 | 40244 T TiLit1/2/4 70 17 Di Dri
@ glme E|BE IR Lo owineen 18 57" Disc Drives for the BBC BBC MICROCOMPUTER
4048 50 | 4518 s0 | 40373 4N33 Proto Al Dri i V
4049 25 {4517 75 | 40374 220 ( rives are supplied cased with
4050 25 | 4518 ‘zso 45106 586 | Darlington 138 Power Supply and Utilities Disc & ACC ESSORIES
s S0 4519 e 7 Segment Displays .
4052 40 | 4520 50 ® 5200 — Epson single drive 4D track double sided 200K
4083 60 | 4521 110 Hti}a 3 S‘é 123 . BBC Master 128K £425
s sz - TIL321 5 CA 140 ® ©S400S ~ Mitsublshl singte drive 40/BD track double sided 400K We stock the full range of BBG Micro peripherals,
40?} 1033 :ggg ig ;:tgggﬁsaocc }:3 P e il bt et 7 £124 Hardware & Software like, Disc Drives (Top quality
4084 a00 | 4525 » pLI0s.3ce 128 ©D400 — Epson Tuin drive 40 rack double sided Epson & Mitsubishi), Diskettes, Printers, printer
g1 so0 | 4331 120 FND357 Red 120 ® GDB0S — Mitsubishi twin drive 40/30 track double sided 00K Raper, interface Cable, Dust Covers, Ca;set;e
4062 986 | 4532 65 OPTO FND500 130 ecorder & Cassettes, Monitors, Connectors(Ready
4063 80 | 4534 gg: QCcP7t 120 g: g’“" g: ;152 @ TWIN Disc Drive case — With Power supply made Cables, Plugs & Sockets), Plotter (Graphic
:ggg zgg :ggg oo 8:::;3 gg SSThRas ca 150 and Cables to house your own sim line drives e Tablet) EPROM Programmer, Lightpen Kit, Joys-
4068 20 | 4539 gg BPX25 250 .3"%1GreenCA 1:3 ] :\II the above single drives are supplied in a twin case for later inclusion of a second ticks, Sideways ROM Board, EPROM Eraser,
o e BPW21 320 LCD 3% Digits 4 o Machinecode ROM. The highly sophisticated Wat-
4070 22 | 4543 65 LCD 4 Dt 530 + 9 S ahly SOp
prif B3| a9 s S (epe D:g“: "5 @ DISC INTERFACE KIT (csae;x:? o s 247 ford's 16K BEEB DFS, WORDWISE, BEEB-CALC,
7 4 ) - . .
o 20| i35 210 gfgﬁ%'Vggzggfas'f”":;;‘“ll;r;;‘; = RS @ DFS MANUAL (comprehensive) (No VAT} . goﬂware (Educational Application & Games),
pri & | doss 1881 Components. ... Top Quality 5" Disc 300Ks, etc, etc, Please send SAE for our descrip-
a077 25 | 4556 50 10 x M4 Single Sided Double Density 40 track tive leafiet.
10 x M5 Double Sided Double Density 40 track. .
10 *x M7 Double Sided Double Density 80 track. . ‘
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BN THE "' ALLADIR
Lo,
HOT LINE DATA BASE

25 DISTEL

+The ORIGINAL FREE OF CHARGE diat up data’
sbase. Buy, browse or place YOUR OWN AD for.
+goods or services to sell. 1000’s of stock items,*
sglares and one off bargains. Updated daily.
ON LINE NOW. CCITT, 8 bit word, no parity. »
For 300 baud modems call 01-679 1888 ¢
For 1200-75 baud modems call 01-679 6183 «

E Your monitor from its computer! For
FR | only £24.95 it becomes a SUPERB
HIGH QUALITY * COLOUR* TV SET
The fabulous TELEBOX, an INVALUABLE MUST for the owner ol
ANY video monitor with a composite in%ut. colour ormonochrome.
Made by a major UK Co as a TOP QUALITY, stand alone UHF
tuner and costing OVER £75 to manufacture, this opportunity to
ive your monitor a DUAL FUNCTION must not be missed!! The
ELEBOX consists of a compact, stylish two tone charcoal
moutided case, containing ALL electronics tunar, power supply etc
to simply plug in and convert your previously dedicated computer
monitor into a HIGH QUALITY COLOUR* TV SET, giving a real
benefit to ALL the familyl! Dor't worry if your monitor doesn't have
sound- THE TELEBOX even has an integral4 watt audio amplifier
for driving an external speaker, PLUS an auxiliary output for superb
uality television sound via your headphones or Hi F1 system etc
&her features include: Compact dimensions of only 15.75” w x
75" d x 35" h, latest technology, BRITISH manutacture, fully 2
tuneable7 channei push button tuner, Auto AGC circuit, SAW filter,
LED status indicator, fully isolated 240v AC power supply for total
safety, Mains ON-OFF switch etc. Many other uses 3
LIMITED QUANTITY- DON'T MISS THIS OFFER!!

ONLY £24.95 OR £19.95 if purchased with ANY of our

video monitors. supplied BRAND NEW with full instructions and 2 YEAR
warranty. Post and packing £3.60 *When used with colour cit

COLOUR & MONOCHROME
__MONITOR SPECIALS

‘SYSTEM ALPHA’ 14" COLOUR MULTI INPUT MONITOR
Made by the famous REDIFFUSION Co. for their own professional computer
system this monitor has all the features to suit your immediate and future
requirements Two video inputs RGB and PAL Composite Videa, allow direct
connection to BBC/IBM and most other makes of micro computers or VCR's,
including our very own TELEBOX. An internal speaker and audio amp may be
connected to computer or VCR for superior sound quality. Many other features:
PIL tube, Matching BBC case colour, Major controls on front panel Separate
Contrast and Brightness - even in RGB mode Separate Colour and audio
controls for Composite Video input, BNC -plug for composite input, 15 way '
plug for RGB input, modular construction etcetc
This Must Be ONE OF THE YEAR'S BEST BUYS. PC USER

Supplied BRAND NEW'and BOXED, complete with DATA and 80 day
?uarantee. ONLY £148.00 as above OR 1BM PC Version €165.00

5 Day'D' skt £1.00, BNC skt 75p BBC interface cable £5.50
DECCA 80 16” COLOUR monitor. RGB input.
Littie or hardly used manufacturers surplus enables us to offer this sPeciaI
converted DECCA RGB Colour Video TV Monitor at a super low price of only
£89.00, a price for a colour monitor as yet unheard oft Qur own interface,
safety modification and special 16" high definition PIL tube, coupled with the
DECCA 80 series TV chassis give 80 column definition and quality found only
on monitors costing 3 TIMES OUR PRICE. The quality for the price has to be
seen to be believed! Supplied complete and ready fo 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 day

uarantee. Although used, units are supplied in EXCELLENT condition.

NLY £99.00 + Carriage.
DECCA 80, 16" COLOUR monitor. Composite video input. Same as above
model but fitted with Composite Video icr;gut 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 dispiay is ideal
for SCHOOLS, SHOPDS, DISCO'S, CLUBS and other AUDIO VISUAL appli-
cations Supplied in AS NEW or littie used condition ONLY £146.00 + Carr.

BUDGET RANGE EX EQUIPMENT MONOCHROME video monitors.

All units are fully cased and set for 240v standard working with composite video
inputs. Units are pre tested and set up for yp to 80 column use. Even when
MINOF'It screen burns exist - normal data displays are unaffected 30 day

uarantee.

2" KGM 320-1 B/W bandwidth input, will display up to 132 x 2§ lines. £32.95
12” GREEN SCREEN version of KGM 320-1. Oniy £39.95
9" KGM 324 GREEN SCREEN fully cased very compact unit Only £49.00

Carriage and insurance on all monitors £10.00
’ [ ‘ T 7 2 i »

f

GOULD OF443 enclosed, compact switch mode supply with DC regulated
outputs of +5v @ 5.5a, +12v @ 0.53, ~12v @ O.1aand —23v @ 0.02a. Dim 18 x
11 x 6 cm. 110 or 240v input. BRAND NEW only £16.95
GOULD G6-40A 5v 40 amp switch mode supply NEW £130.00
AC-DC Linear PSU for DISK drive and SYSTEM applications. Constructed on a
rugged ALLOY chassis to continuously supply fully regutated DG outputs of +5v
@ 3 amps, —5v @ 0.6 amps and +24v @ 5 amps. Short circuit and overvoltage
protected. 100 or 240v AC input. Dim 28 x 12.56 X7 cm NEW £49.94

Carriage on all PSU's £3.00

i o S AT &

Double sided 40/80 track disk drives

PC2000 System
with CPM Etc.
COST OVER £1400

SU

»
»

»

f )

DEC LA34 Uncoded keyboard with 87 %Jality gold piated switches on X-Y
matrix — idea! micro conversions etc. £24.9
AMKEY MPNK-114 Superb word processor chassis keyboard on single PCB
with 116 keys Many features such as On board Micrg, Single 5v rail, full ASCHI
m coded character set with 31 function ‘keys,_numeric keypad, cursor pad
and 9600 baud SERIAL TTL ASCII OUTPUT! Less than half price
Oniy £68.00 with data Carriage on Keyboards £3.50

Manufacturer s BRAND NEW surplus

ND ELE

BE BEATEN!

CENTRONICS and system expansion ports, and if that's not enough a ready toplug into STANDARD 8" DRIVE port forup to FOUR
8" disk drives, either in double density or IBM format. The ultra slim92 key, detachable keyboard features 32 user definable keys,
numeric keypad and text editing keys, even its own integral microprocessor which allows the main Z8OA to devote ALL its time to
USER programs, eliminating”lost character’ problems found on other machines. The attractive, detachable 12" monitor combines
agreen, anti-glare etched screen, with full swivel and tiit movement for maximum user comfort Supplied BRAND NEW with CPM
2.2, user manuals and full 80 day guarantee. Full data sheet and info on request

PC2000 Business System with CPM

and ‘Ready to Run’
9000 Accounts,

PLESSEY VUTEL, ultra compact unit, sli%’ltly Iar&er
than_a telephone features A STANDARD DTMF
TELEPHONE (tone dial) with 5° CRT monitor and
inte%ral modem etc. for direct connection to PRESTEL,
VIEWDATA etc. Designed to sell to the EXECUTIVE at
over £600! Our price BRAND NEW AND BOXED at

onlé£99.00 3
DECCAFAX VP1 complete Professional PRESTEL
system in shmline desk top unit containing Modem,
umeric keypad, CPU, PSU etc. Connects direct to
standard RGB colour monitor. Many other features
include: Printer output, Full keyboard input, Cassette
. BRAND NEW with DATA. A FRACTION OF
COST only £55.00 .
ALPHATANTEL. Very compact unit with integral FULL
ALPHA NUMERIC keyboard. Just add a domestic TV
receiver and {ou have a superb PRESTEL system and
via PRESTEL the cheapest TELEX service to be
found!! Many features: CENTRONICS Printer output,
Memory dialling etc. Supplied complete with data and
DIY mod for AGB or Composite video outputs. AS
NEW only £125.00
Post and packing on all PRESTEL units £8.50

EX-STOCK INTEGRATED CIRCUITS

4164 200 ns D RAMS 9 for £11 4116 ns
£€1.50 2112 £10.00 2114 £2.50 2102 £2.00
6116 £2.50 EPROMS 2716 £4.50 2732 £3.00
2764 £4.95 27128 £5.50 6800 £2.50 6821 £1
68A09 £8 6BB09 £10 8085A £5.50 8086 £15
8088 £8 NEC765 £8 WD2793 £28 8202A
€22 8251 £7 8748 £15 Z80A DART £6.50
Z80A CPU £2.00. Thousands of IC's EX STOCK
send SAE for list.

Japanese 5Y%" half height, 80 track double sided disk
drives by TEAC, CANON, TOSHIBA etc
Sold as NEW with 80 day guarantee ONLY £85.00
TEC FB-503 Double sided HH 40 TRK NEW £75.00
SUGART SA400 SS FH 35 TRK £65.00
SIEMENS FDD100 SS FH 40 TRK £65.00
carriage on 5%" drives £5.50 .
Brand NEW metal 5%" DISK CASES with internal PSU.
FH drive £29.95 +pp £4.00
£22.95 +pp£3.50
£12.95 +pp £2.50
DSKC 4 SS PsSU £10.95 +pp£2.00
8" 18M format TESTED EX EQUIPMENT.
SHUGART 800/801 SS £175.00 +pp £8.50
SHUGART 851 DS £250.00 +pp £8.50
TWIN SHUGART851’8 2 Mb total capacity in smart case,
complete with PSU etc £595.00
MITSUBISHI M2894-63 8” DS 1 Mb equiv. to SHUGART
SAS50R. BRAND NEW at £275.00 +pp £8.50
DYSAN 8" Alignment disk £29.00 + pp£1.00
Various disk drive PSU's Ex Stock SEE PSU sectlon,
HARD DISK DRIVES
DRE/DIABLO Series 30 2.5 Mb front load £525.00
Exchangeable version £295.00. ME3029 PSU £85.00
DIABLO 44/ DRE4000A, B 5+5 Mb from £750.00
CDCHAWKS+5 Mb£795.00. CDC9762 80£h24b RMO%G

etc
PERTEC D3422 545 Mb £495.00
RODIME 5Y4" Winchesters ex-stock from £150 CALL
Clearance Items - Sold as seen—- No guarantee.
ICL 2314 BRAND NEW 14" Mb Removabie pack hard
disk drive, cost over £2000 with data  ONLY £99.00
BASF 6172 8" 23Mb Winchesters £196.00
Unless stated all drives are refurbished with 80 da
guarantee. Many other dsives and spares in stock - call
sales office for details.

DIZPLAY

T ST T
G TCLCL R UL T

All prices quoted are for U.K. Maintand, paid cash with order in Pounds Sterling PLUS VAT. Minimum order value 3
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

32 Biggin Way, Upper Norwood, London SE19 3XF
Telephone 01-679 4414 Telex 894502 Data 01-679 1888 G

DON’T MISS THE CPM Deal

R e
The FABULOUS CPM TATUNG PC2000
Professional Business System

Acancelled export order and months of negotiation enables us to offer this professional

[ pC CPM system, recently on sale at OVER £1400, at a SCOOP price just over the cost of
r‘the two internal disk drives!! Or less than the price of a dumb terminal!!
Not a toy, the BIG BROTHER of the EINSTIEN computer, the DUAL PROCESSOR
PC 2000 comprises a modern stylish three piece system with ALL the necessities for the
"SMALL BUSINESS, INDUSTRIAL, EDUCATIONAL or HOBBYIST USER. Used with
the THOUSANDS of proven, tested and available CPM software packages such as
WORDSTAR, FAST, DBASE2 etc, the PC2000 specification, at our prices, CANNOT

Eirg The central processor plinth contains the 84K, Z8OA processor, DUAL TEAC §5F §Ys”
(1Mb per drive), PSU, 4K of memory mapped screen RAM, disk controller, R§232,

AST Sales and
Purchase ledger, supports up to
AT etc.

OST OVER £1700

10

PC2000 Wordprocessor System
withCPM and T 'CtFP25 daisywhee!
printer

Join the communications revolution with our super
range of DATA MODEMS, prices and specifications
tBo RSA% all applications and budgets ...

W State of the art products
DACOM DSL2123 Multi standard 300-300, 1200-75
Auto answer etc. £268.00

DACOM DSL2123AQ Auto dial, smart modem with
multi standard AUTO SPEED detect, and data buffer
with flow control etc £365.00
DACOM DS1L2123GT The CREAM of the intelligent
modems, auto dial, lndex,s49bgffer

etc eta .00
Steebeck $81212 V22 1200 baud FULL DUPLEX
%c or asyng, optional auto dial £465.00

ANSDATA 307A Acoustic coupler 300 baud full
duplex, originate only, RS232 interface £49.00

Ex BRITISH TELECOM full spec, CCITT, ru?gedised.
bargain offers. Sold TESTED with data. Will work on
an& MICRO or system with RS232 interface.
MODEM 13A 300 baud unit, only 2" high fits under
hone. CALL mode only _£45.00.
ODEM 20-1. 75-1200 baud. Compact unit for use
as subscriber end to PRESTEL, TELECOM GOLD,
MICRONET etc. £39.85 +o0 £6.50
MODEM 20-2 1200-75 baud Same as 20-1 but for
con11_puter end £65.00 +pp £6.50
DATEL 2412, Made by SE Labs for BT this two part
unit is for s&nchronous data links at 1200 or 2400
baud using 2780/3780 protocol etc. Many features
include 2 or 4 wire working, seif test, auto answer etc
COST OVER £800. Qur price ONLY £199 +pp £8.00
DATEL 4800, RACAL MP$4800 baud modem, EX
BT good working order, ONLY £295.00 +pp £8.00

SPECIAL OFFER
MODEM TG2393. Ex BT, up to 1200 baud full
duplex 4 wire or half duplex over 2 wire line. ONLY
£85.00 PER PAIR +pp £10.00
For more information conugt our Sales Office.
¢ A » >

auto call,

ECIAL BULK P HASE of these compact, high
speed matrix printers. Buiit in Japan for the Hazeltine
Corporation this unit features quality construction
giving 100cps bidirectional, full pin addressable
graphics, 6 type fonts, up to 9.5” single sheet of
tractor paper handling, RS232 and CENTRONICS
parallel interface. Many other features. BRAND NEW

and BOXED. COST £420. Our price Only £198.00
RECHARGEABLE BATTERIES
Dry Fit MAINTENANCE FREE by Sonnenschein

& Yuasa.
A300 07191315 12v 3Ah NEW £13.95
A300 07191312 6v 3Ah NEW £9.95
A300 07191202 6-0-6v 1.8Ah TESTED Ex

Equip £5.99

Standard VDU data entry terminals
at Siva away prices!!

QUME QVT108. Current product, state of the art
terminal with detachable keyboard, 12" Green screen,
2 page RAM, TVI 925, Hazeltine, ADMSA emuiations,
software setug, 25 x 80, Clock, Swivel and tilt base,
Printer port, Function keys etc BRAND NEW and
BOXED AT ALMOST HALF PRICE Only £425.00

AJ510 - EX RENTAL, Z80 controlied, 15" green
screen 24 x 80 display, graphics, cursor addressing,
printer port et¢. Very good condition TESTED compiete

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.

.00
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DIGEST

World’s First Gallium
Arsenide Microprocessor

M cDonnell Douglas have

developed what is claimed
to be the world’s first gallium
arsenide microprocessor chip.

It can process information as
fast as conventional silicon
microprocessors can but uses
only one-tenth of the power.

The MD2901 is a four-bit de-
vice which has been designed as
a direct substitute for existing
four-bit silicon microprocessors.
It occupies a one-eighth inch
square chip, contains 1860 tran-
sistors-and uses just 135 milli-
watts of power. It will comple-
mentthe company’s existing range
of static random access memories
and gate array chips.

Gallium arsenide offers the
promise of computers which not
only use less power than their

silicon equivalents but also oper-
ate at many times the speed.
McDonnell Douglas say they are
studying ways to improve the
speed of the new chip and hope
to reach a target of 100 million
operations per second.

Although a number of gallium :
arsenide memory chips have.

been developed, the company
say they do not know of anyone
else who has successfuily built
and tested a microprocessor
using the material. They are now
working on the developmentofa
32-bit microprocessor using
gallium arsenide.

McDonnell Dougfas Ltd (Euro-
pean Operations), Albemarle
House, 1 Albemarle Street, Lon-
don W1X 3HF, tel 01-491 1492.

Pocket-Sized
Digital
Multimeter

T he DM1000 digital mul-
timeter from AB European
Marketing is only a little larger
than a credit card and is light
enough to be carried around in a
shirt pocket.

It features a 3%-digit, 10mm
high display, measures AC and
DC voltages, resistance and con-
tinuity (but not current), and
comes with permanently-attached

“test leads in a plastic wallet. Its

maximum dimensions are 108 x
54 x 8mm and it weighs less than
80 grams. ]

Function selection is by means
of arotary switch andthe meteris
fully autoranging on voltage and
resistance measurements with
maximum readings of 450V and
2MO0. The most significant digit

flashesto indicate over-range and

indicators on the display remind
the user which function has been

selected and warn when the bat-

tery runs low. The continuity
tester uses an audible warning’
device so that the operator can
concentrate on the item under
test and not have to look at the
display, and there is also a diode
checkfunction. Powerisprovided
by two LR44 long-life button
cells.

The DM1000 sells for £24.60
plus VAT complete with case, bat-
teries and-instructions. AB Euro-
pean Marketing Forest Farm
Industrial Estate, Whitchurch,
Cardiff CF4 7YS, tel 0222-618
336.

32-Bit RISC Chip From Acorn

corn Computers, Manufac-

turers of the BBC microcom-
puter and the Master series, have
introduced their much-heralded
Reduced Instruction Set Com-
puter chip.

Said to be considerably cheaper
than any other single-chip RISC
device, the new chip is com-
plemented by a range of optional
controller ICs and will be available
towards the end of the year.

The V186C010 ARM (Acorn
RISC Machine) is fabricated in

CMOS and has only 44 basic in-

structions. It has an average
execution rate of four million
instructions per second, a two-
phase 8MHz clock and comes in
an industry-standard ceramic
leadless chip package. The asso-
ciated family of controller chips
currently includes devices for
memory, video, sound and 1/O
operation and further ICs are
under development.

The use of a small set of fun-
damental instructions, coupled
with extensive use of internal
registers to reduce the need for

external fetch and carry opera-
tions, allows machines using
RISC architecture to execute
code very quickly and efficiently
(see the article on RISC in last
December’s ETl). The ARM has 25
internal 32 bitregisters which par-
tially overlap, allowing fast inter-
rupts to occur without the need
for time consuming shifts to store.
Acorn say the device handles
high-level languages efficiently
and that it is particularly suited to
use in situations which require
real-time response to external in-
terrupts and high processing
throughput.

The VL86C010 ARM is to be
manufactured by VLS! Technol
ogy Incorporated in San Jose,

"California, under an agreement

with Acorn. The first samples will
be available in mid-summer at a
price of $99 and full production
should be reached during the
third quarter of the year. VLS| are
also planning to make an evalua-
tion kit available and Acorn will be
marketing a development system
cum evaluation kit.

Acorn Computers Ltd, Cam-
bridge Science Park, Newmarket
Road, Cambridge, tel 0223-214
411 extension 409.

Dual-Purpose Portable Iron

A novel new tool from Camp-
ing Gaz International com-
bines the functions of portable
soldering iron and burner.

Called the Spotflam, it consists
of a brass burner which screws
onto a gas cartridge and a solder-
ing bit which can be attached to
the burner. The flame tempera-
ture is adjustable, giving up to
1800°C for burning and 400°C for
soldering, and one gas cartridge
will last for up to five hours.

‘The soldering attachment can

be used for most commonly-en-
countered soldering operations
while the burner is suitable for
removing paint from small objects,
releasing seized nuts and many
more jobs. A patented device
allows the burner to be used at
any angle without flaring.
Recommended retail price of
the Spotflam is £9.95 and replace-
ment CV360 gas cartridges cost
£1.70 each. Camping Gaz (GB)
Ltd, 126-130 St. Leonards Road,
Windsor, Berkshire, tel 95-55011.
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(Dept. E. T.1.8), Printworks Lane,
Levenshulme,

Manchester M19 3JP.

Tel: 061-224 1888/9888

add £0.50 P&P ORDERS ABOVE £5 add £1.80 P&P +15% VAT to all orders.
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L aunched by component dis-
tributors, Cirkit, in 1985 and co-

sponsored.by Texas Instruments

andtradejournal Electronics Times,
the Young Electronics Designer
of the Year Award is intended to
encourage young designers and
promote the teaching of elec-
tronics in schools. judging by the
standard of entries in this its
second year, the scheme seems
none too successful.

The award presentation for 1986
took place recently at Westminster
school and was introduced by
Maggie Philbin, co-presenter of
TV's Tomorrow's World and a
somewhat less
sonality than last year’s Duke of
Edinburgh.

First prize in the junior category
was awarded to Gareth Arthurs
(above) for a circuit to switch
bicycle lights between dynamo

and battery according to the out-

put from the dynamo, preventing
the lights from being extinguished
when the cycle is at rest. Runners
up were a wheelchair control
device and a thermometer for
the blind. ’

In the intermediate category
(15 to 18), the winner was Tim
Price with a sound processor
using a 16-bit MPU, 128K of RAM

and 12-bit conversion ICs. The’

runner up, and only female finalist,
was Rosemary Erskine with a digi-
talanemometer. Third prize went
to a stage lighting controller for
the BBC micro.

The senior category was the.

most disappointing with many

ETI AUGUST 1986

Award;bff Cou}ﬁé

notable per- -

entries not even up to the
standards of the intermediate
category. The joint winners were
Stephen Osborne and Howard
Mitchell of Essex University with a
netball scorer. Runners up were
an ‘electronic Lego’ set and a
rehabilitation aid to exercise the
arms of stroke victims.

The netball scorer won on
marketability, thanks to ateam of
judges who included Peter van
Cuylenberg — TI's European head
— and Jason Swift, electronics
correspondent of the Financial
Times.

The outright winners in the

senior category received £500 in |

cash, a £450 a year sponsorship
for the remainder of their course
of study, avacation jobwith Tl and
a reserved place in Tl’s graduate
intake— inotherwords, theywon
a job, which is not be sneezed at
these days.

It was noticeable, however, that
the overall standard of this year’s
entries was poorer than that of a
well-constructed ETI project in
some respects and the scheme

seems not to have mined the

same vein of talent that was evi-
dent in last year’s crop of entries.
It may be that ETI readers could
do better. Certainly, they are wel-
come to apply even if not at pre-
sent in full-time education.

Entry forms for 1987 can be
obtained by writing to:

Carla Sharyk, Young Electronics
Designer Awards, Standard House,
16-22 Epworth St., London EC2A

| 4SH.

I Can See
Clearly Now

E leven scientists fromthe USA,

Holland and Britain have been
awarded three joint prizes total-
ling £115,000 for contributions to
the growing field of opto-
electronics. The awards were made
ini early june by the Rank Prize
Fund at a ceremony at the Royal
Institution in London.

The prizes were awarded for
pioneering work in three major
areas of opto-electronics: the in-
vention of compact and video
discs; the development of large
screen television displays and the
design of thermal imaging
cameras.

Three Philips research scien-
tists shared £45,000 for their in-
vention of the laser disc — initially
as avideomedium butincreasingly
thought of as an audio and data
medium. Dr. P. Kramer, Mr. G.
Bouwhuis and Mr. K. Compaan
invented the laser disc in the early
seventies. In his acceptance
speech Dr Kramer observed that
his team had built on the work of
many predecessors and also indi-

" cated that work was currently in

progress on the use of crystalline

and magneto-optical materials for
erasable, re-usable discs.

A prize of £40,000 went to the
four scientists who invented the
liquid crystal light valve at Hughes
Aircraft in California. The LCLV
acts as akind of optical transistor,
accepting light from a low inten-
sity source (like a CRT) and using
ittomodulate abright source (for
example, a xenon arc lamp) thus
creatinga highintensity version of
a low intensity image.

The LCLV operates in real-time
and is the device behind the giant
screens used at pop concerts,
sports meetings, for video con-
ferencing and in NASA astronaut
training.

A £30,000 prize was also awar-
ded to four British researchers at
the Royal Signals and Radar Estab-
lishment in Malvern and at the
English Electric Valve Co. who
between them developed a highly
portable thermalimaging camera

- used in fire-fighting, rescue work

and medical imaging.

The Rank prizes were established
by Lord Rank just before he died
in 1972, They are designed to pro-
mote research in the two fields
which mostinterested him during
his lifetime — nutrition (he was
president of Rank Hovis
McDougall) and opto-electronics
(he founded the Rank Organisa-
tion film company).

® while on the subject of prizes
(see the other ariticles on this
page), the free PCB competition

announced in our March issue .

has attracted a disappointing
number of entries. If you recall,
we asked readers to come up
with designs for an original and
interesting circuit using the PCB
we gave away with our March

issue. So far, we have not received -

any entries worthy of an outright

win (shame on you alll) and —
since the closing date for submis-
sions was the 2nd May — we
don’t suppose we will. However,
we've been working night and
day torescue something fromthe
ruins, so watch this space next

“month for a PCB special. By the

way, the PCB s still available from
our PCB service at its commercial
price.

Drawing Fruit

Pineapple Software, whose Dia~
gram circuit drawing program
forthe BBCmicroistobe reviewed
soon, have announced two new
products, also for the Beeb.
Autilitiesdiscproducedbyone
of the company’s customers pro-
vides six additional features for
the diagram package including
the ability to specify a border, to
identify the screens in large dia-
gramsand tomove diagramseither
horizontally or vertically to make
more space. !
Pineapple also announced a
PCB drawing program — supplied

‘ona 16K EPROM and capable of

handling double sided boards up
to 8” x 5.6” in size. PCB (as the
package is known) operates with
any BBC B compatible computer
with a disc drive, medium resolu-
tion monitor and Epson FX-type

printer. Three standard track
widths are available and the
system operates on a standard
0.1” grid.

A sample of the program’s out-
put is shown in the illustration,
this being the component side of
adouble sided board.

PCB retails for £85.00 plus
VAT (p&p incl.) and Diagram Uti-
lities for £10 plus VAT. Further
details and programs may be
obtained from Pineapple Soft-
ware, 39 BrownleaGardens, Seven
Kings, liford Essex 1G3 9NL (tel:
01-599 1476).

o 1esnmite
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£1 BAKERS DOZEN PACKS
Price per pack is £1.00.* Order 12 you
~ may choose another free. items
1 marked {sh) are not new but
guaranteed ok.
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MULLARD UNILEX AMPLIFIERS

We are probably the only firm in the country with these now in
stock. Afthough only four watta par channel, these give superb
reproduction. We now offer the 4 Mullard modules —i.e. Mains

power unit (EP9002) Pre amp module (EP9001} and two amplifier

modulas (EP9000) all for £6.00 _F\les £2 pontaEgF?. For prices of
modules bought separately see 'O POUNDERS.

CAR STARTER/CHARGER KIT

Flat Battery! Don’t worry you will start your car in 8 few minutes
with thig unit — 250 watt transformer 20 am
parts with data £16.50 or without case £15.00 post paid.

VENNER TIME SWITCH

automatically correcting for the
{engthening or shortening day. An

Ex-Electricity Beanl.

roctifiers, case and all

Mains operated with 20 amp switch, one
on and one off par 24 hrs. repaats daily

expansive time switch but you can have it
for only £2.95 without case, metal case
—£2.95, adaptor kit to convert this into
a normal 24hr. time switch but with the
added advantage of up to 12 on/offs per
24hrs. This makes an ideal controller for

the immersion heater. Price of adaptor kit
Guarsnteed 12 months. is £2.30.
SOUND TO LIGHT UNIT E
/ Tk

Complete kit of parts of a three channel sound to light unit
controlling over 2000 watts of lighting. Use this at home if you
wish but it is plenty rugged enough for disco work. The unit is
housed in an attractive two tone metal case and has controls for

each channel, and a master on/off. The audio inrut and output are

by 1" sockets and three panel mouming fuse holders provide
thyristor protection. A four pin plug and socket facilitate ease of
connecting lamps. Spacial price is £14.95 in kit form.

12 volt MOTOR BY SMITHS
Made for use in cars, etc. these are very
powerful and easity reversible. Size

33" long by 3” dia. They have a good
length of {” spindle

1/10 hp £3.45

1/8hp £6.75. 1/6 hp £7.50

25A ELECTRICAL PROGRAMMER
Leam in your sleep. Have radio playing and kettle
boiling as you wake — switch on lights to ward

off intruders — have a warm house to come home
to. You can do all these and more. By a famous
maker with 26 amp on/off switch. A beautifut

unit at £2.50

THE AMSTRAD STEREO TUNER

-

This roady assembled unit is the ideai tuner for a music centre or an
amplifier, it can also be quickly mads into a parsonal stereo radio —

easy to carry sbout and which will give you superb reception.
Other uses are a "‘get you to sleep radio”’, you could even take it
with you to use in the lounge when the rest of the famity want to

viaw programmes in which you are not interested. You can listen to

some music instead.

Some of the features are: long wave band 115 — 170KHz, medium

wave band 525 — 1650KHz, FM band 87 — 108 MHz, mono, stereo

& AFC switchable, fully assembled and fuily aligned. Full wiring up
data showing you how to connect to amplifier or headphones and

details of suitable FM aerial (note ferrite rod aerial is included for
medium and long wave bands). All made up on very compact

board.
Offered at a fraction of its cost

these notes are often hastily written and tachnical information
sheets are seldom available about the items we have to

b, also adverti i
our having a chance to correct any mistakes, however,
everythinq wae sell is supplied on the understanding that if it is
not suitabl
credit. if there was a definite error of description in our copy
then we will pay postage. If not, then you pay the postags.
Note :I:’is offer applies to kits, but only if construction is not
started.

go to press without

le for your project you max return it within 7 days for

only £4.95
— GOODS ARE ON APPROVAL — ]

FANS & BLOWERS

Woods extractors

5" £5 + £1.25 post. 6" £8 + £1.50 post

47 x 4" Muffin equipment cooling fan 115V £2.00

4” x 47 Muftin equipment cooling fan 230/240V £5.95
5” Plannair extractor £5.5

9” Extractor or blower 115V supplied with 230 to 115V adaptor

£9.50 + £2 post.
All above are ex computers but guaranteed 12 months.

10” x 3" Tangential Blower. New. Very quiet — supplied with 230 to

115V adaptor on use two in series to give long blow £2.00 +
£1.50 post or £4.00 + £2.00 post for two.

IONISER KIT

Refresh your home, office, shop, work room, etc. witha
negative ION generator. Makes you feel better and work
harder — a mains op d kit, case i
£11.95 plus £2.00 post.

TELEPHONE BITS
Master socket (has surge arrestor - ringing condenser etc) and
takes B.T. plug £3
E ion socket

Duel adaptors (2 from one socket).

Cord terminating with B.T. plug 3 metres..........

Kit for converting old entry terminal box to new B.T. master socket,

complete with 4 core cable, cable clips and 2 BT extension
sockets

MINI MONO AMP on p.c.b. size 4”7 x 2" {app.)
Fitted volume control and a hole for a tone con-
trol should you requirs it. The ampiifier
has three transistors and we estim-
ate the output to be 3W rms.

More technical data will be included
with the amp. Brand new,

perfect condition, offered at tha very
low price of £1.15 each, or 13 for £12.00

J & N BULL ELECTRICAL
128 PORTLAND ROAD, HOVE,

11.60

BRIGHTON, SUSSEX BN3 5QLDept ET!

MAIL ORDER TERMS: Cash, P.O. or cheque with order.
Orders under £20 add £1 service charge. Monthly account
orders accepted from schools and public companies. Access
& B/Card orders accepted. Brighton 0273 734648. Bulk

orders: write for quote.
=<

OVER 400 GIFTS
YOU CAN CHOOSE FROM

There is a total of over 400 packs in our Baker's dazen range and you become
entitled to a free gift with each dozen pounds you spend on these packs. A
classified list of these packs and our latest “News Letter” will be enclosed with

your

goods, and you will automatically receive our next news letters.

TWO POUNDERS*

2P2

2P3
2P4
2P
2P7
2P8

2P9

-Wall mounting thermostat, high precision with mercury switch and
thermometer

~Varishle and reversible 8-12v psu for model control

-24 voht psu with separate channels for sterso made for Mullard UNILEX

~100W mains to 115V auto-transformer with voltage tappings

~Mini kay, 16 button membrane keyboard, list price over £12

~Mains motor with gear box and variable speed selector. Series wound so
stiitable for further speed control

-Tima and set switch. Baxed, glass fronted and with knebs. Controls up to
15 amps. Ideal to program electric heaters

2P10 -12 volt 5 amp mains transformer - low volt winding on separate bobbin

and easy to remove to convert to lower voltages for higher currents

2P11 -Power amp module Mullard Unilex EPS000 {note sterea pre-smp module

Unilex 9001 is BD216

2P12 -Disk or Tape precision motor — has balancad sotor and is reversible 230v

mains operated 1500 rpm

2P14 -Mug Stop kit - when thrown emits piercing squawk

[ 2P15 —Interrupted Beam kit for burglar alarms, counters, etc.

2P17 -E r“ev pr minute mzins driven motor with gear box, ideal to operate mimor
al

2P18 -Liguid/gas shut off vaive mains solencid operated
2P19 -Disco switch-motor drives 6 or more 10 amp change over micro switches

supplied ready for mains operation

2P20 -20 metres extension lead, 2 core - ideal most Black and Decker garden

tools etc.

2P21 -10 watt amplifier, Mullard module reference 1173

2P22 ~Maotor driven switch 20 secs on or off after push

2P24 ~Clockwork operated 12 hour switch 15A 250V with clutch
2P26 -Counter resettstle mains operated 3 digit

2P27 -Goodmans Speaker 6 inch round 8ohm 12 watt

2P28 - Drill Pump - always useful couples to any make portable drill

2P29 -24 position Yaxiey switch contacts rated 5A -

spindle

2P31 -4 metres 98 way interconnecting wire easy 1o strip
2P32 —Hot Wire amp meter - 43 round surface mounting 0-10A - old but

working and definitely a bit of history

2P34 -Solenoid Air Valve mains operated

2P35 -Battery charger kit comprisi

mains transformer, full wave rectifier and

meter, suitable for charging 6v or 12v

2P38 -200 R.P.M. Gesred Mains Motor 1” stack gquite powerful, definitely large

encugh to drive a rotating aerial or a tumbler for polishing stones etc.

2P42 —Tubular heater, 60 wetts per ft, unusued but slightly storage soiled, made

by G.E.C. Parfect order {must he collected by appointment as 12ft long}

2P43 -Small type blower or extractor fan, motor inset so very compact, 230V
2P46 -0ur famous drifl control kit complate and with prepared case.
2P47 -Joy switch kit complete as previcusly sold.

2P48 - Telephone ring

ing unit reduces mains to 50 volts and changes frequency
from 50 hz to 25 hz to give right ringing tone.

2P43 —Fire Alemm break glass switch in heavy cast case
2P51 -Sterec Headphone amplifier, with pre-amp
2P54 -2} kw. blow heeter sectivn of coal or log effect fire, this is a sheat metal

assembly which holds the elemants, the mator with fan, end the lamp
hnlder;gpnd bits which give the flickering flame effect. Collect or add £3 to
cover p&p

2P55 - Mains motor. extra powerful has 1% stack and good length of spindle
2P62 - 1 pair Goodmans 15 ohm speakers for Unilox

2P63 - 1 5Kv 20 mA mains transtormes ex-equipment

2P64 - 1 five bladed fan 6%" with mains motor

2P65 - 2 reseltable trips 4.5A mans

2P66 - 1 2Kw tangential heater 115v easily convertible for 230V
2P67 - 1 12v-0-12v 2 amp mains translormer

2P68 - 1 15v-0-15v 2 amp mains transtormer

2P69 - 1 250v-0-250v 60 mA & 6.3v 5A mains transformer
2P70 - 1 E.M.1. tape motor two speed and reversible

2P71 - 1 PAPST 240v 5hz motor

2P72 - 1 115v Mutfin fan 4™ x 4" approx.

2P76 - 1 audax tweeter partner to 5P26

speaker

2FR77 - 1 instrument box with key size 12" X 4%" wide 6" deep
2P82 - 9v-0-9v 2 amp mains transformer

2P83 - 25m .75 twin flat tlex tor mains appliances

2P84 - Modem board with press keys for telephone redialler
2P85 - 20v-0-20v %A Mains transtormer

2P88 - Sangamo 24 hr time switch 20 amp S.H.

2P89 - 120 min. time switch with knob.

2P90 - 90 min. time switch with edgewise engraved controlier
2P91 - Panel meter size 2%" x 2" scaled power factor

2P92 - Bailey & Macky pressure switch 15 p.s.1.

£5
1.

hWN

. Two kits:

POUNDERS*
12 volt submersible pump complete with a tap which when
brought over the basin switches on the pump and when pushed
back switches off, an ideal caravan unit.
Sound to light kit complete in case suitable for up to 750 watts.
Silent sentinel ultra sonic transmitter and receive kit, complete.
Dial indi u ly down to .01mm, “John
Bull"” or equally first-class make, a must for toolmaker or lathe
worker.
250 watt isolating transformer to make your service banch
safe, has voltage adj. taps, also as it has a 115V tapping it can
be used to safely operate American or other 115V equipment
which ifoften only insulated to 115V. Please add £3 postage if
you can’t collect as this is a heavy item.
12V alarm bell with heavy 6" gong, suitable for outside if
protected from direct rainfall. Ex GPO but in parfect order and
guaranteed.
Tape punch and matching tape reader, not new but believed in
perfoct working order if not so we would repair or replace within
12 months. Please add £2.50 postage.
Sensiti relay, this ists of a 43" dia moving coil
meter with electronics {we will supply cct. dig.) over £120 each,
they are new and still in maker’'s boxes.
Box of 25 fluorescent tubes 40 watt daylight or warm white
ideal window pelmets, signs, etc. Please collect or add £2
postage. .
Box of 25 18" fluorescent tubas assorted colours, please
collect or add £2 postage.

. 24 x 8 ft 85-120 watt warm white tubes. Ideal plant growing.

Collect or send open cheque to cover carriags.
Equipment cooling fan — minin snail type mains operated.

. Ping pong bal blower — or for any job that requires a powerful

stream of air ~ ex computer. Collect or add £21 post.

. Unisetector 360 degrees rotation, 5 poles, 50 ways, S50V coil.
. Washing machine water pump, main motor driven so suitable

for many applications.

. Control panel case, conventional design with hinged front and

finished metaliic silver. easily arranged as lockable size approx.
15" x 107 x $3”, wall mounting.
hbox size surveill i and 2 FMm

receivers.
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Self-Contained Switching

Regulator

New from SGS is a series of
Switch-mode voltage regu-
lators which require no external
components. :
The GS-R400 series devicesar
available with outputs of 5.1V,
12V, 15V and 24V and there is
also a variable output version
-offering between 5.1 and 40V. A
special version of the 5.1V regu-
lator includes a voltage-checking
facility and produces an output
signal when the voltage is correct.
Allmodels feature output current
limiting at 4A and have a mini-
mum voltage over-head of 3V.

The regulators use a switching
frequency of 100kHz and effi-
ciencies range from 75% for the
5V version to 90% for the 24V
model. The ripple level is typi-

. cally 0.25%. The metal package

provides screening and also
allows the regulators to be used
without further heatsinking in
many cases.
Furtherinformationisavailable

from Unitel Ltd, Unitel House,

Fishers Green Road, Sevenage,
H rtfordshire SG1 2PT, tel 0438-
314 393.‘

ETI PCB Service

ith fingers firmly crossed

(doesn’t half make typing
difficult) we are re-introducing
the PCB Service as from this issue.
A new pricing structure has been
agreed and new PCB Service
pages prepared (see pages58 and
59). All orders placed from now
on should use the new order form
and prices; those given in pre-
vious advertisements no longer
apply.

We are now in a position to run
the service normally with the
usual allowance of up to 28 days
for orders to be fulfilled. Most
customers who placed orders
more than 28 days ago should by

" month’s

now have received either the
board(s) ordered or a refund (last
statement that ALL
ordershadbeen fulfilled was, unfor-
tunately, incorrect: a small number

" of boards are still unavailable

because of technical problems).
Anyone who has waited 28 days
and not heard fromus should con-
tact our Readers’ Services depart-
ment at Hemel Hempstead (tel
0442-41221).

Some boards previously adver-
tisedin the PCB Service have been
temporarily withdrawn while pro-
blems with foils, etc, are sorted
out. Theseboards willbereturned
to the service as soon as possible.

® Oxfam receive alarge quantity
of electrical and electronic items
for sale in their 750+ shops
nationwide, butsaytheyareoften
unable to use donated goods
because ofa shortage of qualified
and experienced volunteers to
carry out checks and simple
repairs. If you would be prepared
to give up some time to help in
this way or would like to know
more about othervoluntary work
with the ‘charity, tontact Faye
Warkat Oxfam, Freepost, London
N12 9BR tel 071-446 6888,

® Unfortunately, ETI contributor
Barry Porter was unable to take
part in the British Heart Founda-
tion’s London to Brighton cycle
ride because of illness (see News
Digest last month). However, we
gather that the ride itself was a

-great success, although it is not

known at the time of going to
press just how much money was
raised for heart research. Barry is
now well on the way to recovery
(that is, if the state of his sense of
humouris anything to go by) and
we wish him better luck next year.
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WHEN WE SAY ‘SEPTEMBER ETI! FREEZE ...

Low Cost Framestore

Alittle overa year ago, we produced a do-it-yourself design for
a video framestore or framegrabber with some advanced fea-
tures. Despite some very expensive hardware, a resolution of
640 x512 pixelsand the corresponding large amounts of RAM,
the framestore was a very popular project. Now the designer
has come up with a low-cost version offering 256 x 256 pixel
resolution, storage of two complete images and the ability to
perform a comprehensive range of logical operations on the
images. And all at a price within almost everyone's reach.

Battery Power — The Charge Of The Light
Brigade

Perhaps some of the most exciting developments in elec-
tronics involve new forms and uses of battery power. We pro-

vide a round-up from alkaline to zinc-carbon and from lithium
to lead-acid, taking in solar cells along the way. Power to the

Plus: people...

Clean up your mains with our mains filter, find out whether transistors really sounddifferent to valves, get close to your proximity detec~
tor and check out the circuit for a single-board controller which emulates a BBC micro.

- THE SEPTEMBER ISSUE ETI — ON SALE st AUGUST

All the articles listed above are atan advanced stage of preparation, but circumstances beyond our control may prevent their publication.

ISTRUMEN 3 ATALC
~0 DO ] A l,.....‘::.l::
DA po 3 d x. add
. vl 0 calte A/1 p g ad
4 ez AT-please add 15% orde
DG POWER EIGI'I;SAL METERS
SUPPLIES HKICARSoR!
inpul 240 A/C. Stabilised 508 15range  £19.96 oo
2] yariable output vollages. 5287 13 range + TR check. £26.04 B
: Direct meter reading volts and amps. | 909 1€ range + TR check £31.26 £33.50
243 0/24 volts 0/3 amps 0C £53.35 | 801028range 10AAC/0C :
245 0/24 vohs 0/5 amps 0C £63.04 mlg 10rom thick pocket ’“‘""“e“’“mgg-gg
154 5/15 volts 0/4 oc £43.43 DM73 Auto range pen + buzzer X i
ALSO la.av:nnss oc ;T;; max, lixed voltage supply | 57820 range auto range + memory + hold £34.50 F R E E CATA L o G U E
NI , ANALOGUE METERS wx c/p65p1
g UL/ DL 0y notel). § 1015 15 range 10 KAV £7.50 : MICROPROCESSOR TIMER KIT
ot~ | GENERATORS 1038 19 range 20K /V 10A OC £9.52 HOMELIGRLINGHE TS -
=\ 240V A/C operation. 102BZ |9 rangs 20K/V + Hie 10AA/0C £12.61
UK C/P Free) 155M 21 range 2 K/V 104 AC/0C with case £22.57 These kits contain all necessary components | Designed to con-
=D | 200 RF.Sranges 100KHZ 10 | 174m 26 range 50 K/V with case 10A/0C £19.00 and full instructions & are designed to replace || trol 4 outputs
i 110 MHZ (300 anigas'go;i;ﬁ ) DlﬁlTALICAPACIT = a standard wall switch and control up to 300w. ind»epre‘andently .
AM Int/ext mod. AF 0/P 1 KHZ 5 of lighting. _ || switching on an
220 Audindun;es%uzm 200 KHZ sine METERS / ANCGE IE3 TDlL?S,OOK Remote Control £14.95 | off at preset times
el £7822 | Co3 e ruage 20 1o 200 D e on bt GEle Al
2 or above : isplay o
O0SCILLOSCOPES MFQ batl. operated o £59.00 e £4.50 time and day, easily programmed via 20 way
220/240N AC input. Dual trace | GM200 Bench version [bati/ mains] £89.00 TD300K Touchdimmer  £7.75 kl;nyboard. S Ttod soraral haati e Contira)
wilh component testers. i FRE UENCY TS300K Touchswitch £7.75 including different switching times for week-
8 x 10cm green screen. TDE/K Extension kit for 2-way ends). Battery back-up circuit. Includes box.
%;u"uTa Ingmmm.mp ' COUNTERS switching for,TDDaOOK ggg - 18 time settings.
leseee | 220/240V AC mains. 8 digit LD300K Light Dimmer 3.9
x m g ::g gween :e:ay. iﬁg?gg LEQ. 0.1HZ resolution. SmV sensitivity. ||T;I|r:'79 cl.?ﬁu = ~ i:??EKR elay Kit for CT6000 include: ?::
3| Oweep delay. . . 3
OPTIONAL PROBES irlllwalleyl with adaptors. ;g ::ég:::::: £$922g ﬂ connectors and one relay. Will accept up to
e O oo £y | T s o b B~ WO [ LT
comPUTER nlsKs L 1500 MBZ 3"[.05; £199.00 "-— i —=== | 701 115 Additional Relays £1.65.
UK C/P £1.00 =
order). 3M/CDC 5% 48 TPI 40 Tralck £8.0D: P Eg:g;‘lﬂ%n TR J We also STOCK awide range of COMPONENTS, MULTIMETERS, TOOLS,
P . H = other KITS for timers, infra-red remote controi, disco
Per10 £14.75 Per 100 £13000 - 1 | 22072400 AG, Sine/square/ | BOOKS and over 30-other KITS for timers, in ofe
D'and IDCconnectors-best pricesinUK! | §ncia'sna 170 output, 0.1 HZ 10500 KHZ. = lights, etc. PLUS VELLEMAN and PANTEC kits.
: Q +/- 30V 0/P. Model 500 £110.00 (UK C/P £1.00} " "
LOGIC PULSER TV T ELECTRONICS SEND" x 6" SAE
2lrags. 0.5HZ and 500 MHZ £23.00 NICADS nechargsabia batteriss. (UK €/ 50p OR CALL AT SHOP
LOGIC PROBE - per 4 mixed 8 - iree) AA size 4 1or £3.04 13 BOSTON RD MON-FRI 2-5pm
80 MHZ max. TTL. CM0S. memory £23.00 & Csizedlor 5.39 psize afor £7.83 LONDON W7 3SJ SATURDAY 10-4pm
ORDER BY POST OR PHONE. OPEN 6 DAYS A WEEK FOR CALLERS. I bi5cg iy TEL: 01-567 8910
g s W Avaliablg fgr X FREE P&P on orders over £20 (UK only), otherwise add
HenRV SQUDIO GI:GCTROﬂICS 3"‘°d’waﬂm/ i m W 75p + VAT. Overseas P&P. Europe £2.75. Elsewhere
301 Edgware Road. London W2,1BW.~  01-7243564 IS £6.50. Giro No. 529314002. SCHOOL OR LOCAL AUTHORITY
404 Edgware Road, London W2 1ED. .  D1-723 1008 s ORDERS WELCOME. Goods by return subject to availability.
Sales and Account enquiries:. 01-258 1831 :
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Radio Receivers And Associated Systems — July 1-4th .
University College of North Wales, Bangor. For details see July’86 ETI
or contact the |ERE at the address below.

Voice Processing — july 2/3rd
Wembley Conference Centre, London. Conference. For details con-,
tact Online at the address below.

The History of Physics For the Physicist — july 2-4th

Oxford. Summer school which aims to bring together physicists,
physicsteachersand othersto explore waysin which knowledge of the:
history of physics can be used in the development of the subject itself.
Contact Dr. J.J. Roche, Linacre College, Oxford OX1 3)A.

Cable '86 — July 8-10th :
Metropole Hotel, Brighton. Conference and exhibition. For details
contact Online at the address below. :

Satellite Communications Systems — July 20-25th
University of Surrey. Vacation school organised by the IEE. For details,
contact them at the address below.

Fourth Official Acorn User Show — July 24-27th

Barbican Centre, London. Exhibition of software, services and peri-

pherals for the BBC micro, the Electron and the new Master series

machines. Tickets cost £3.00 foradults, £2.00 for children, £1.00 less if

purchased in advance. Contact Editionscheme Ltd, HR House 447
- High Road, Finchely, London N12 0AF, tel 01-349 4667.

Optical Fibre Telecommunications — August 31st-September 5th
University College of North Wales, Bangor. Vacation school organised
by the IEE. For details contact them at the address below.

Electrical Measurements, DC to VHF — September 7-12th
Imperial College of Science and Technology, London. Vacation school
organised by the IEE. For details contact them at the address below.

Radio Amateurs’ Examination Course — September 8-10th

Paddington College, London. Twice-weekly evening class which pre-
pares students for the City & Guilds Radio Amateurs’ examination in
May 1987. Course includes practical as well as theoretical skills arid
assumes no previous knowledge of electronics. Enrolmenttakes place
between 1.00t04.00 pm and 6.00 t08.00 pm onthe dates shownatthe

college, 25 Paddington Green, London W2 1NB, tel 01-402 6221.

Commodore Horizons Show — September 13/14th
UMIST, Manchester. For details contact Database Exhibitions at the
address below.

Software Engineering for Microprogessor Systems — September 21-
26th

City University, London. Vacation school organised by the IEE. For
detail$ contact them at the address below.

Electron & BBC Micro User Show — September 26-28th

UMIST, Manchester. For details contact Database Exhibitions at the
address below. g

Electromagnetic Compatibility — September 30th-October 3rd
University of York. Conference with supporting exhibition devoted to
electromagnetic compatibility (EMC) between systems at all levels
from board components through to antenna systems. Topics covered
willinclude measurements, suppression, safety, etc, and the first day’s
tutorials have been designed with the newcomerto EMC in mind. For
details contact the IERE at the address below,

Addresses

Database Exhibitions, Europa House, 68 Chester Road, Hazel Grove,
Stockport SK7 5NY, tel 061-456 8835.

Institution of Electrical Engineers, Savoy Place, London WC2 0BL, tel
01-240 1871.

Institution of Electronic and Radio Engineers, 99 GowerStreet, London
WC1E6AZ, tel 01-388 3071.

Online Conference Ltd, Pinner Green House, Ash Hill Drive, Pinner,

Estate, Westh t Road, Chil

West Sussex PO19 4JU

Unit 38, St. James |
Telephone: National 0243 771748 International +44 243 771 748 Telex: 869362 ATEC
COMPARE OUR PRICES!

BRIDGE RECTIFIERS
3A/50V 28p 3A/200V 33p
3A/400V 38p 3A/600V 44p
6A/100V 70p 6A/400V 78p
10A/200V 1.85 10A/600V 2.65
25A/200V 2.00 25A/600V 2.95
DIP SWITCHES
1 way 30p 2 way 50p
4 way 65p 6 way 70p
8 way 80p 10 way 1.30
DIL SOCKETS Double Face Wipe Turned Pin
8 way 4p 16p
14 way 7p 28p
16 way 8p 32p
18 way 9p 36p
20 way 10p 40p
22 way 12p 44p
24 way 13p 48p
28 way 14p 56p
40 way 19p 80p
ZIF DlL SOCKETS with detachable lever
24 pin i 4.65 28 pin 6.10
BUZZERS
12 volt 70 dB 1.10 6 volt 80 dB 5
1-28 volt 60/90 dB 2.00 2-3 volt 85 dB 788
Also available High Output Types - up to 110 dB
ENCLOSURES
Beige ABS Cases 100 x 120 x 40 mm - Four part snap together assembly 3.99
CONNECTORS '
Turned Pin .1 Sockets
S.I.L. 36 way 90p D.l.L. 72 way 1.80
Pin Headers - Tin 63p° D.LL. 72 way 1.26
CABLE ASSYS & WIRE
Centronics to 34 way IDC 5.00
Phono to Phono with 2 mtrs cable 1.00
Phono to Co-Ax 75 ohm with 2 mtrs cable 1.20
7/0.2 and 16/0.2 - Various Colours - Reeled or cut to length

. Please add £1 to all cash orders to cover P & P.
All prices are exclusive of VAT. Please add 15% to cash total inc. P & P.
PHONE 0243 771748 FOR OUR SPECIAL OFFERS.

* Suitable for instruments, high quality amplifiers and many other purposes * Black anodisied
aluminium front panel enhanced with two handles * Aluminium version, wholly made of black
anodised aluminium sheets * Metal version, rear box is manufactured from stesl painted in
black with aluminium front panel. Customer who requires further details, please send SAE.

Panel Size Rear Box
WH(Inchy WHD

19x2.5 17x2x10
19x3.5 17x3x10
19x5.25  17x5x10
19x3.5 17x3x12
19x5.25  17x5x12
19x5.75  17x5.5x12
*17x25 15.5%2x9
*17x35  155x3x9
©19x3.0  17x25x10

*19%4.0  17x3.5x10

©19%4.0  17x35x12

* Discontinued sizes, special price valid while stock Iast, Please add £3.00 P/P for the first item
and £1.50 for each additional item. Quantity discount available. A limited quantity of electronic
kits at give away prices. Large SAE for details.

Mail order only. To order send cheque/postal order, same day dispatch for PO, 7 days for

RACK MOUNTING CABINET

Price
Steel

22.50
24.50
26.50
25.50
27.50
28.50
16.50
17.00

16.50
19.50

AL

cheque clearance.

T J A DEVELOPMENT
53 Hartington Road, London E17 8AS

Middlesex HA5 2AE, tel 01-868 4466. ETI

ETI AUGUST 1986

(Tick one box oniy!)

MAKE YOUR INTERESTS PAY!

More than 8 million students throughout the world have found it worth their while! An
ICS home-study course can help you get a better job, make more money and have more
fun out of life! ICS has over 90 years experlence In home-study courses and is the largest
correspondence school In the world. You leam at your own pace, when and where you |
want under the guidance of expert 'personal’ tutors. Find out how we can help YOU.
Post or phone today for your FREE INFORMATION PACK on the course of your choice.
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01-208 1177 Tecunomanc Lo 01-208 1177

BBC Master Series

icro Computer System

DISC DRIVES

AMB15 BBC MASTER Foundanon incl. 1770 controller .............. £35 (¢
computer 128K ....... ..£395 (a) Bﬁ?sSRch)MM E‘;’;gg (g) These are fully cased and wired drives with slim line high quality
AMB12 BBC MASTER Econet computer ADFS Rom ffor B with 1770 @ mechanisms. Drives supplied with cables manuals and formatting disc
e ) g DFS & B PIUS ... oo £25 (0) suitable for the BBC computer. All 80 track drives are supplied with 40/80
ModUtB .. .. veeeenninnns e £102 (b) 64K Upgrade Kit for B Plus....... £35 (d) track switching as standard. All drives can operate in single or dual den-
ADF13 Rom Cartridge. . .. .£13(d)  ECONET ACCESSORIES 3 sity format.
ADF10 Econet Module ..£49 (c) Econet Starter Kit................ £85 (d)

ADJ22 Ref. Manual Part | .,... £14.95 (c) Econet Socket. Set .. £34 (c) PD800P (2 x 400K/2 x 640K 40/80T PS400 with psu 1 x 400K/1 x 640K
ADJ23 Ref. Manual Part Il ..... £14.95 (c) Econet Bridge ....... £174 (b) DS) with built in monitor 40/80TDS ..cen e £129 (b)
ADJ24 Advanced Ref. Manual . £19.50 (c) File Server Level 1 .... £75 (d stand .. ... £260 (a) 3.5" DRIVES

ACORN ADD-ON PRODUCTS S File Server Level Il ...... £210 (d) PDB800 (2 x 400K/2 x 640K 40/80T -‘ x 400K/1 x 640K 80T DS TS35
780 2nd Processor ............ ﬁgg ég; l:gréter Ser\lier (F;om £41 ((d) DS) £240 (a) £109 (b)
6502 2nd Processor............ tatton Lead set ..... L E26(€) | s MEEEAGS AL T e
Multiform 280 2nd Processor... £299 (b)  Adv. Econet User Guide.......... £10 (d TD800 (as PD8OO but without F’335 1withpsu........... £124 (b)
Acorn Teletext Adaptor ........ £125 (b) COMMUNICATIONS ROMS @ SUET s 8 S0 A ST A £225 (a) 2 x 400K/1 x 640K 80T DS TD35
Acorn |EEE Interface .......... £278 (a) Termulaior TS400 1 x 400K/1 x 640K 40/80T R S £199 (b)
TORCH Z80 2nd Processor Communicator ... DS s £109 (b) PD35 2 withpsu ....,..... £219 (b}
ZEP100: (64K) .......ooiivnnnn. £229 (a) Commstar...

TZDP240. ZEP100 with Technomatic
PDSOOP dual drive with built-in monitor
AN rowerers T s T £469 (a)
UPGRADE KITS
1770 DFS Upgrade for Model B £43.50 (d)
Dual Disc Controller Board for Model B

DATABEEB
BBC FIRMWAR
Databasé Management Systems, Word
Processors, Languages. Spreadsheets, Utilities
For full details on the wide range of above
packages please write to us.

TORCH UNICORN products including the IBM Compatible GRADUATE in stock
For detailed specification or information on our comprehensive BBC range please write to us.

3M FLOPPY DISCS

'Hig'h quality discs that offer a reliable error free performance for life. Each
discisindividually tested and guaranteed forlife. Tendiscsaresuppliedin
a sturdy cardboard box. .

5Y%” DISCS 32" DISCS

40 SS DD £10:50 (d) 40T DS DD £12:75 (d) 80T $S.DD £18 (d)
PRINTERS eigon  ACREISORIES 80T SS DD £14.75 (d) 80T SS DD £16:00 (d) 80T DS DD £25 (d)
EPSON FX plus sheet feedel 3 f : )
LX-80NLQ ...........oovnnnn £195 (a) LX80 Sheet feeder . DISC ACCESSORIES
Optional Tractor Feed ........ £20 (c) PaperRoll Holder;..
FX85 (80col) NLQ 8K RAM ..£315 (3) | e e, i FLOPPICLENE Disc Head Cleaning Kit with 20 disposable ¢leaning discs ensures
5))((;854(1:3'6col) el e e g:gg Eag 8148 RS232 + 2K £57.00 (c) continued optlmum performance of the drives....31%," £16 (d), 5%,"£14.50 (d)
colour printer........ a 8132 Apple I .. 60.00 (c) Single Disc Cable en£6(d)  DUBIDISC CABIE oo £8.50 (d)
LQ800 (80col) ........cvontn £495 (a) 8165 IEEE + cable.. . 10 Disc Library Case. .£1.80(c) 30 Disc Case £6 (c)
LQ1000. ... £729 (a) Serial & Parallel Intrtaes with larger bufers avaiable. 40 Disc Lockable Box £14(c) 100 Disc LOCKEDI® BOX ........cerreerrensenen. £19 (6)
LQ1500 (136col) 2K buffer...£875 (a) Fibbons: [EW/FX/MX30 B — :
LQ1500 {136col) 32K buffer .£950 (a) o MICROVITEC
Integrex Colour Printer...... £549 (a) [ spare pens tor H1g0... e £7.50/s88 () All 14" monitors now available in plastic or metal cases, please specify your
PLOTTERS FX80 Tractor Attachment 237 (c) requirement.
Epson H180: A4 4 colour Plotter....£345 (a) KACATAXAN 14” RGB with PAL & Audio
TAXAN e i Butter T 1431 Std Res .£179(a) 1431 AP Std Res ......... £199 (a)
KP810 80 Col NLQ £230 (a)| ke 1451 Med Res. £2291((a; 1451 AP Med Res ........ £275 (a)
.......... R S £375(a
\'J(S 2} %11 gg ggi's’; '},S’h;eg, - §§Z§ fg; Spare Daisy Wheel .... - £1400 (d) Swivel Base for Plastic 14" MiCrovitees .......c.uccnernciins £20 (c)
HRA5LX (SBIIal)........nenos £285 (a)| apon-- o 1o , 20" RGB with PAL & Audio
HR15LX (Serial)............. £365 (a) |  Tractor Fesc Attach 120 (2 2030CS Std ReS....cecerermrnnrr. £380 (a)  2040CS Hi RES coovoverrsvurenrrneens £685 (a)
Pape ;:gg;z::ﬁs: T TAXAN 12" RGB K128V3 with mono to amber/green option, IBM
2000 Sheets Fanfold: Tcioe Eaaaas 299 (a) compatible ........ R TR IT L SRR PR FRPPRP PRSP £324 (a)
95" x 11”..... Ribbons Carbon or Nylon 2450 (d) SUPERVISION 1il with amber/green option .............coovvivnn. £330 (a)
145" x 11“ Redcc:::clmbbon @ - £2.00 (d) MITSUBISHI XC1404 14" RGB Med Res IBM & BBC Compatible .. £219 (a)
BB lor d
S i Single row.. P ) cran MONOCHROME MONITORS:
Sh T eri 00 (d) R .
27716” x 17116” Triple row . Prhr'\!erLeadscanbesuppliodtonnykﬂh. TAXAN KX1201G Hi Res 12" Etched Green Screen.......... N £90: (a)
T TAXAN KX1203A Hi Res 12" Etched Amber Screen ............... £105 fa{
Mo DEMS PHILIPS BM7502 12" Hi Res Eregn Screen £75 (a
£ PHILIPS BM7522 12" Hi Res Amber Screen ....£78 (a)
- All modems listed below are BT approved | Swive! Base for Kaga Monochrome fitted with Digital Clock .... ...£21(c)
MIRACLE 3000: ﬁ
5" “ g ATTENTION
A new range of microprocessor based FE ~
modems_offering of upto 2400 paud, full SPECIAL OFFER Al prices in this double page advertisement
duplex. Features include *HAYES' protocol GEC DATACHAT 1223: are subject to change without notice.
compatibility, auto answer, auto dial, speed BABT approved modem complying with 2764-25 .......£2.00
&uﬁerlng ,printer port, data security optionetc. CCITT V23 standard. Supplied with 27128-25 £2 50 P?LL PnégEs EXCLUDE VAT
ains powered. SOMWAIE .. vt eeeeaenanianenns £75(b) = veso s . ease add carriage 50p unless
WS3000 V2123 (V21 & V23).cuminnindd £295 (b) 3 P N
1us 1200 il Data Cables for above modems available for = indicated as follows:
wz,3°°° Vegggeavore "“z baud tul st computers 6264LP-15 ....£3.40 (a) £8 (b) £2.50 (c) £1.50 (d) £1.00
WS83000 V22b|52400 (as above plus 2400 ' -
baud full duplex)... o .£850 (b) . N e N .
MIRACLE 2000 ) Serial Test Cable o Serial Mini Patch Box . Serial Mini Test
A world standard modem covering V21, V23 Serlal Cable switchabie at both endd zllowing pin Aliows an easy method to reconfigure pin functions Minitors RS232C and CCITT V24
{Bell 103/113/108 outside UK) and including optionstobere-routedor linkedatsither end usinga 10 without rewiring the cable assy. Transmissions, indicating status with dual colour LEDs
75,300, 600, 1200 baud ratings. Optional Auto :’:g;‘::ﬁ:;:::ggn ';rf‘;;i'bls to produce almost any Jumpers can ba used and reused. £22 (d) on7 most signiticant fines.
Available as M/M or M/F £24.75 (d)
Cd(l)a"i], sﬂgg?Egcg;zﬁgéswog%%gtgfggt(rg)l from Connects in Line. £22.50 (d)
GANG OF EIGHT CONNECTOR SYSTEMS
INTELLIGENT FAST 1.D. CONNECTORS EDGE CONNECTORS AMPHENOL RIBBON
EPROM COPIER (Speedblock Typs) 01" 0.156" CONNEm?szpc grey/metre)
Copiesuptosightepromsatatimeandacceptsall | Noof Header Recep- Edge | 2-:&way commodore) = 300P | g5 00 pig  500p 4759 10way  40p  34way  160p
single rail eproms up to 27256. Can reduce pro- W?gs 9%?, aass \{%Op' z; 12- Say {vic 20) g 350p 38 way skt 850p  500p 128:3? 32" égixii ;88"
gramming time by 80% by using manufacturers 20 145p  125p  195p 2 x 18-way — 140p 24 way pluf 2 .way 21 4 64-wa E
Y 9 8-way  120p Y 280p
suggesteg Ialg{/onthf ms. Fixed Vpp of 21 & 25 volts §§ ;ggg 123: ggg; g :gngvgz (zX81} ggg gggs EEE 475p  415p -
STl ikt alra moving e saasa. 368ib)y o 0 1 Uop | axZwaySpectem)  20p - | HERT DIL HEADERS
B 4 AR I ot 3600 = PCB Mig Skt Ang Pin Solder IDC
FTY I sogmes R - | e’ e | T
. ) o of Ways }
This low cost intelligent eprom programmer can : | x77-way 400p  S00p 1 18pin 60 -
B e e e, ® o e mwwobpe | ZE TR,
s . . i
" has a serial and parallell/O routines. Can ’5*2%2',“5 1528 1§5? ?Sg :13;8 EURGIEONNERITES Male toMale........... £101 23 gnn 160; 200;
be used as an emulator, cassette mterface iDC 175 275 325 DIN 41812 Plug Socket |MaletoFemale........£101 40pin 200p  225p
Softy 1o £195(b) |FEMALE: 2 x 32way StPin  230p 275p Female to Female...... £10 L
Adaptor for2764/2564. £25.00(c) StPin 100 140 210 380 % X (35% way é{‘g'mn %gp gggp RS 232 JUMPERS.
x way n
UV ERASERS gr;%rélrns 1968 1210 %g ggg 3 x 32 wa? Ang Pin 3755 4003 - (25 way D) TECHNOL'NE
. = ! ) ) 195 325 375 {DC Skt A+ B 400p 24" Single end ylale 25.5)0 VIEWDATA sYsTEM
All erasers with built in safety switch and maine |StHood 90 95 100 120 !PCSktA+C 4pop | 247 SingleendFumale 2525 ;
indicator. Y - Screwo 130 15C 175 - For 2 x 32 way[{zlease specify Si-- :f;{‘::j;;male i;g:gg .'type protocols
331 _;B_ erast;es u%tots ?gro;ns atatime. . ggﬂc) Lock spacing (A'+ B 24" Maie Female £9.50 4 01 4505 a‘r‘\d szge"“
as above ithatimer.......... c) s — : ~phone 01- our
BV1 40 erases uputo“q 4 gp::rﬁ; atatime. £88 ([;) sOCK;sEXTOOL EHF e in gncias’rfcggrr‘el:gﬂwp 4way 90p6way 105p ' ser\llce, 7 days a week
V141 as above but witha timer......... £88 (b) T 40:3;: ot n Video Connector200p 8-way 120p 10-way 140p MR
p
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LINEARICs | 'COMPUTER COMPONENTS

74 SERIES 74181 340p | 74LS162A  75p | 74508 50p | 4063 8sp
74182 140p | 74LS163A  75p | 74810 sop | 4066 “0p CHRHACTER
7400 30p| 74184 1%0p | 74LS184 78p | 74511 78p | 4067 230p I3 sop AD7581 £18| a1LSes :lﬂp GENERATORS
1|
e gmome meluser welen i Sl o S O me  ow e b e
ADCOB0S  1190p) LMT0B xp [l 8279 e11] amzsLs2521 a1LS98 850p
7403 30p; 74191 130p ; 7415168  130p | 74530 50p | 4070 24p | amzetonc 28l Luzi0 a8p} TBAS10 0p 8280 300
I p 88LS 120
7404 38p| 74192 110p | 74L5169  100p | 74832 80p | 4071 24p | aN103 s200p| LM711 100p} TBAS20 20p 82 480p | AM 2552538 9602 KEYBOARD
7405 30p| 74193 115p | 74LS170  “140p | 74837 60p | 4072 24p | AY-1.5050  100p| LM723 %0p| TBAB20M 75p 3sop | 9636A boid  ENCODERs
7406 40p| 74194 110p| 74LS173A  100p | 74538 60p| 4073 24p | AY-3-1350  450p| LM725CN  400p| TBAS20 200p AM26L531 9637AP
7407 40p| 74195 80p{ 74LS174  78p | 74840 sop | 4075 24p | AY-3-8910 450p| LM733 83p| TBADS0 228p |00 000 120p | 9638 0opg
7408 30p| 74196 130p| 74L8175  78p | 74551 45p | 4076 65p | AY-0-8912  500p| LM741 2p| TC0100 500 | 0209 AR ZN42SEB  3%0m) K e
7409 20p| 74197 110p! 74L8181  200p | 74564 asp | 4077 28p | CAS019A 100p| LM747 70p| TCAG40 17850 s 1a0p | Znd26Es  3sop
CA028A 110p| LM748 sop| TDA1010 29p |680SE £8 D7002 £6 | ZN427E  600R)
7410 30p| 74198 220p| 74LS183  190p | 74574 70p| 4078 28p et oo et prod P £10 DACEBO-CBIV | ZNazoes  asop JNPYYIRYYE
74ty Mp) 74199 2p TALSII0  Topi74Se5  300p) 4081 20| Coso  sosp| LWiote 18] TOMOZS  Ti0p |s8BoOE  £12 e B GENERATORS
7412 30p| 74221 110p| 74LS191 " 75p| 74586 100p| 4082 259 | cazoso sop| LM1801 s00p| ToATI70S 300 |68000.LB DMa131 ZN447E  900p
7413 s0p| 74251 100p; 74L5192  80p|74S112  150p| 4085 80p | CA3080E 7op| LM1830 2%0p| TDA2002 329p {8035 asgp| Do :
7414 70p| 74259 150p| 74L5193  80p| 745113 - 120p| 4086 75p | CA306 sop| LM77, 00p| TOA2008  190p |sg30 420p =
7416 38p| 74265 380p | 74LS194A  75p| 74S114  120p| 4089 - 120p | CA3069E 210p| LM1872 300p] TDA2004 29 |30c39  700p) SSeeri
7417 40p| 74273 200p) 74LS196A  T5p| 745124  300p! 4093 35p | CANWOAQ  37Sp| LM16%6 ss0p] TDA2006 3200 |aogon  a20p)
7420 30p| 74276 140p | 7405196 0p | 745132 100p| 4094 90p | CA3130E 90p| LM1889 430p| TDA2020 320p 300p
7421 80p| 74278 170p] 74LS197  80p{ 745133  s0p| 4095 90p | CA3IBT 130 LM2917 00p( TDAZO3  250p |\ ~esA  900p)
7422 36p] 74279 90p| 7405221  90p|745138  180p| 4096 gap | CAIMOE 45p| LM3302 %0p | TOA2563 500p
CA31407 100p| LM3800 8p | TDA3810 750p | 8086 £22
7423 38p| 74283 105p| 74L5240  80p (745138  180p | 4097 270p | cazigoE %0p| LM3909 100p | TDA7000 350p [8088  1750p|
7425 40pj 74285 320p| 74LS241  80p[74S139  180p| 4098 5P | CA3161E 200p LM3911 100p | TEA1002 700p | 8741 £12| Z8oDMA
7426 a0p| 74200 90p| 74LS242  90p| 745140  100p| 4099 90p | Casieze a00p, LM3014 3s0p [ TLOBICP wop {8748 18] 280ADMA
7427 40p| 74293 90p ; 7405243 80p | 745151 1%0p | 4501 38p | CA3tseE 2T0p | LMB15 340p | TLOG2 00p | TMS8980 £14.50( 280ASIO-0/1/2 450p [ 4416-15
7428 43p| 74298 180p | 74LS244  80p; 745153  180p| 4502 85p | CA3240E 150p| LM018 340p| TLOB4 0p [TMs9995  £12] .72 A7bp | 4532:20
7430 30p| 74351 200p 74LS245  110p| 748157  200p| 4503 38p 270p | LM13600 150p | TLO7Y 40p |780 250p ggggg‘,g Soop 850p | 416AP-3 300p
7432 38p| 74365A 80p| 74LS247 110p| 745158  200p| 4504 95p | D7002 28] M51513L. 2%p | TLO72 709 17604 290p| 260DART m bovcd EO)
7433 30p| 74366A  80p| 74LS248  110p| 745163  300p) 4505 360p | DACHOBS  sop| Metstel  4eop | TLO4 100 1500e 850p)| Eectrcalty pro. o |lere
7437 30p| 7436A 80p| 74,5249  110p| 745169  550p| 4508 90p | DAC0eN0 :‘: Moo f:: e 30 |2800MOS  750p] grammable and ss0p | 6116P-3
7438 a0p| 74367A 80p| 74LS251  75p 745174  300p| 4507/4030 s 300p| MCi413 75 | Tioss ::: (GMOS z80) | erasable PROMS 850p | 6116LP-3
7439 40p| 74368A Top| 7ALS253  75p| 748175 3209 35 | Hagaee 190p| MC1458 4sp | TLOB4 . 100p 2816301 Aeis ssop) 626415 700p
7440 40p| 74376 160p| 74L5256  90p! 745188  180p ]| 4508 120p | 1017108 675p) MC1495L  500p | TLOB4 200p 4509 foid [-coniltos
7441 90p| 74300 110p| 74LS257A  70p| 745183 180p| 4510 55p | icL7811 95| MC1496 T0p | TLI70 a0p EPROMs s 400p
7442 " 70p| 74393 112p| 74LS258A  70p|745184  300p | 4511 5p | IcL7850 aoop | MC3340P  200p | UATSS [ SUPPORT  prorewm 780 | 745201 270p
T443A 100p| 74490 140p| 74LS259  120p| 745195 300p | 4512 55p | (0L7660 250p | MC401 70p | UA2240 150p DEVICES 290p] 745289 2280
7444 110p: 74LS260  75p| 745196 350p | 4513 150p | ICLB038 400p | MC3403 83p | UAA170 170p 190p| 53415 265
7445 100p 74LS261  120p| 745200  480p| 4514 110p | fCMTZ16E MPIOCN  400p | UCN4BO1A  580p 180p| saLazz 2000
7446A  100p) 74LS266  60p| 745201  320p | 4515 110p | 1OM7217 750p| MKS0240 900 | ULN20G3A  75p 190p 250p
ICM7585 %op | MKSG388 790p | ULN2004A 7%
7447A 100p| 74LS00 24p| 74.5273  125p|74S225  520p| 45616 58P | \cnress 140p| MLS20 s00p | ULN2068 200 250p
7448 120p| 74L501 24p| 74LS279  70p| 745240  400p | 4517 220p | | c7120 300p| MLE2Z 400p | ULN280? 190p :;:
7450 36p| 74LS02 24p| 7405280  190p|74S241  400p | 4518 48p | | C7130 00p| MMe221A  300p | ULN2803 180p 150
7451 35p| 74LS03 24p| 745283  80p| 745244  500p | 4519 32p | Lcri37 350p | NES31 120p | ULN2804 190p 1s0p 00p
7453 38p| 74LS04 24p| 7418200  80p|74S251  2850p | 4520 00p | LF7 120p | NES44 190p | UPCS75 2150 joid PoMs/PROMs 140p
7454 38p| 74LS05 24p| 7415292  900p| 745257  250p | 4521 115p | LF351 oop | NESSS 2p | UPCSO2H  200p 200 }g 150p
7460 55p| 74LS08 24p| 7415203  80p] 74S258  250p | 4522 80p | LF353 90p | NE5S6 00p | UPCT1S6H  300p 2_,’:0: 140p g‘:‘éﬁf, m 4.43 100p
7470 S0p| 74LS09  24p| 7ALS295  140p| 745260  100p | 4526 70p | LFISS 90p | NESo4 4o0p | UPCTizeH - so0p e00p ol tasosc  20omlimiey  seen
7472 §5p| 74LS10 24p{ 7405297 £9| 745261  300p] 4527 8op 533:‘7’" :“'P NEsse 1: g;ge “:‘: 180p £5 1200] 185030 2000 [ooon e
7473 55p| 74LST1  24p| 74LS298  100p| 745283  270p| 4528 85p | o 100 | NESe? o | xtaor = 300p | TMs2716 120p! 745188 1800 [5.00 140p
7474 50p| 74LS12 24p| 74LS209  220p| 745287  228p | 4529 100p | | ma01a %0p | NE570 400p | xR2211 875 ﬁ CRT ﬁ 745287 225pi17734  200p
7475 §0p| 74LS13  34p| 74LS321  370p{ 745288  200p | 4531 789 | Lmao7 8p | NESTY s00p | xr2216 750 I*%4 conTROLLER 0p| sy w10 1500
7476 45p| 74L514 50p| 7418323  300p| 745289 225p | 4532 8SE | LM308CN 75p | NESG2 90p | XR2240. 120p $00p | CRT5027  £18] 400p] 82523 ‘us:: 7.168 1750
7480 65p| 74LS15 24p| 7408324  320p| 745299  550p | 4534 380p | LM310 228p | NESS32P 150p | ZN409 190p ss0p | cRTS037  £92 300p| g25123 sop | £-%2. 0
7481 180p| 741520 24p| 74LS348  200p) 745373 400 | 4536 250p | LM311 #0p | NESS33P 100p | ZN414 300p | CRTES4S  £9 %0p/ el x
7483A 108p| 74LS21 24p| 74LS352  120p|74S374  4Q0p | 4538 75p | LM318 150p | NESS334P - 120p | ZN419P il 3e0p | EFoses 2 sop 1070 150p
7484A 125p| 74822 24p| 74LS353  120p| 745387  225p | 4539 75p | LM3TO 180p | NESG34AP  150p  ZN423E 130p 2% sop 1100
OP-07EP 500p | ZN424E 1309 200p 150p 4
7485 110p| 74L524 50p| 74LS356  210p 4541 90p tmz 1‘1“9 TG sons | veases o 180m s0p) 12.00 1509
7486 a2p| 741526 24p{ 74LS363  180p 4543 70p | Lioacs 1: Eoies asp | 2vazee S0 200p s0p) 14.00 1750
7489 210p| 74L527 24p | 7418364 1aop4551 100 | | yze 100y | RC4151 2000 | Za27E s00p 4250 s0p s e
7490A 55p| 741528 24p| 74L8365  S0p 4553 240p | {3z 40p | RC4558 Ssp | ZN4ZSE asop 550p 700 gl x
7491 70p{ 74LS30 24p| 74LS366  S0p| 4000 20p | 4555 36p | LM 00p | S5668 220p | ZN429EB 22%p 250p 16.00
7492A 70p( 74LS32 24p| 74.5367  S0p| 4001 24p | 4556 50p | Lmasap s0p | SAA1900 £16 | ZNMTE  £6.80p m 18.00 170p
7493A s5p| 74LSa3  24p| 74LS368A  50p| 4002 25p | 4557 240p | LMa77 300p | SFF96364  800p | ZNA4DE 300p | g0l ssom 18432 150p
7494 110p| 74L837 24p| 7408373 90p| 4006 70p | 4560 140p | LM380N-8 1850p | SL460 300p | ZNASOE 80P 1 gassac.s 19.969 180p
7495A 80p| 74LS38 24p| 74L8374  90p| 4007 25p | 4566 140p | LM380 150p | SN76033N  300p | ZN4SHCP 300p $20p 33-00 178p
7496 80p| 741540 24p| 745375  75p| 4008 60p | 4568 240p | LM38IAN  170p | SN76489 400p | ZN1OMUE 200p | go5p 00 150p
LM382 200p | SN76495 400p | ZN1040E 860p | 8057C-5 400p 48.000 178
7497 210p| 74LS42 sop| 7408377 130p{ 4009 45p { 4569 170p | o2 | SPoaceaz 700 | ZNAYOM | (S 53
74100 180p| 74LS43  150p| 74LS378  95p| 4010 60p | 4572 45D | (maas a0’ |razazh 1200 | ZNAZIE 9s0p | oot 12
74107 s0p| 741547 80p| 74LS379  130p| 4011 24p | 4583 99 | \masen-1  100p | TATI30 1a0p : .
74109 75p| 74LS48 90p| 74LS381  450p| 4012 25p {4584 48p | Lmas7 270p | TAT204 150p RE : - TELETEXT i
74110 75p| 74549 100p| 74LS385  325p| 4013 38p | 4585 60p | LM38Y 100p | TA7205 p CLOCK- | . DECODER :
74111 88p| 74LS51 24p( 7415390  60p| 4014 80p | 4724 150p | LM3o1 180p | TAT222 150p MCB8 SAAB020 S0p
74118 170p| 74LS54 24p| 7405393  100p| 4015 70p | 14411 750p | LM392N 110p | TAT310 1%0p MM58174AN 30p 24pin 55p
74118 110p| 74LS55 24p| 7415385  100p| 4016 36p | 14412 750p ggop | SAAS030  700p 35p 28pin  65p
74119 170p| 7T4LST3A  30p| 74LS399  140p} 4017 55p 14416 300p MSM5832RS SAA5041 £16 18pin  40p 40pin  90p
74120 100p| 7ALSTAA  3Sp| 74LS445  180p| 4018 80p | 14419 260p 350p | SAA5050
74121 55p| 74LS75 4sp| 74LS465  120p| 4019 60p | 14490 420p
74122 70p| TALST6A  38p| 74LS467  120p| 4020 80p | 14495 as0p| 1a e l.owmomssocxnsavrzns'
74123 80p| 74LSB3A  70p| 74LS490  150p | 4021 60p [ 14500 &50p | 5V 7805 s0p
74125 65p| 74LS85 75p| 74LS540  100p | 4022 70p | 14599 2000 | 6V 7806 s0p
74126 55p| 74LS86 35p| 74LS541  100p | 4023 30p {22100 3s0p | 18V 7808 50p
74128 ssp| 740590 48p| 7415608  700p | 4024 48p | 22101 700 }g& ;g}g 50p
74132 75p| 74L891 90p| 74LS610  1900p| 4025 24p | 22102 7000 | jav a8 g:
74136 70p| 741592 s5p{ 74LS612  1900p | 4026 90p | 40014/4584 24V 7824 05
74141 o0p| 74593 §4p] 74LS624  350p | 4027 40p |40106 5V 100mA  78L05 5p
74142 250p| 74L5958  75p| 74LS626  225p[ 4028 60p 48p| 8V 100mA  78L0B
74143 270p] 74L596 s0p| 74LS628  225p| 4029 75p | 40085 120p| 12V 100mA  78L12 50p MAN4640
74144 270p| 74LS407  40p| 74LS629  125p| 4030 ~ 95p {40097 3gp | 1BV 100mA 78L15 50p MANG610
74145 110p| 74LS109  40p| 74LS640  200p [ 4031 125p (40098 40p %ﬁgﬁm
74147 170p| 74LS112  4sp| 74LS640-1 4032 100p {40100 150p
74148 140p| 74LS113  4Sp 300p | 4033 125p 40101 125p DL -
74150 178p| 74L8114 45p| 74LS641  150p} 4034 250p 140102 130p Fixed Reguistors MAN71/DL707 MANBSS10
74151A 70p]| 748122 70p| 74LS642-1 4035 70p |40103 200p || M309K 1A 5V 140p | MAN3840
74153 80p| 74L5123  80p 300p | 4036 70p |40104 120p {| 323K 3A5V 250p | T Lo :1533
74154 140p| 7415124/ 7408643  250p| 4037 110p |40105 180p | 78HO5KC 5A 5V 575p | - 20p 20p
74155 80p 629/140p | 74L.5643-1 4038 100p |40106 48p | 781412 A 12V 750p i
74156 100p| 74LS125 80 300p | 4039 250p (40107 s5p
74157 80p| 74L5126 50p| 74LS644  350p | 4040 60p ]40108 320p | Variable Reguiators »
74159 175p| 74L5132  65p| 74LS645  200p) 4041 55p {40109 20p {LM305AH Please note ali
74160 110p| 74L5133  50p| 74L5645-1 4042 50p |40110 225p {LM317T TO-220 150p prices are subject
74161 80p| 74LS136  4Sp 400p | 4043 80p 140114  * 228p [LM317K T03 240p to change without
74162 110p| 74LS138  55p| 7415668  90p| 4044 sop |40147 280p | LM337T 3A+VAR 225p sl
74163 110p| 74LS139  S8p| 74LS669  90p| 4045 100p {40163 100p | LM350T 5A+VAR 400p notice.’
74164 120p] 74LS145  95p| 74LSE6T0  170p | 4046 60p [40173/4067 LM396K 10A+VAR £15 o
74165 110p| 7405147  175p| 74LS682  250p| 4047 80p 120p || M723N 50p ‘Tr:tg?nggen
74166 140p| 74LS148  140p| 74LS684  350p| 4048 55p |40174 1008 | 78HGK ]
74167 © 400p| 74LS151  88p| 74.S687  350p| 4049 38pja017s  100p 7328,(8 gﬁi\\ms 8?553 21 S yeliow We also stock a large
pue wmziss s swlew  wiow welmouc . gawan s | i range of Transistors,
74173 140p| 74US154 1609 4052 80p 40245 150p | Suitching Regulators 228 Yol Arrays Diodes, Bridge Recti-
74174 110p| 745155  65p| 748 SERIES | 4053 60p {40257 1809 |11 7660 250p | Red (10) 225p i Triacs, Thyristors
74175 105p| 74LS156  65p 4504 80p 140373 180p | 553504 300p | Green (10) 225p ters, , 1Y
74176 190p| 74LS157  50p| 74500 50p | 4055 80p {40374 180p | 704 300p RECT. LEDS and Zeners. Please
74178 150p| 74LS158 74502 50p | 4056 85p [B0CSS 75p L1407 300p | Red. Green. Veilow 30p ,
74L5160A 74504 50p 400p {80CO7 7% | 28540 2508 call for details.
74LS161A 74505 50p 70p [80C98 - .

- (Expo no VAT p&p atCosl)
Orders from Government Depts & Colleges etc. welcom

(Tel 01 208 1177)Telex 92180C.
305 EDGWARE ROAD. LONDON W2

Stock. xrems are normally by r u of post.
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READ/WRITE

Dear ETI,

A colleague has recently shown
me a copy of your June issue, with
R.A. Penfold’s MIDI to CV
converter project in it. Potential
constructors be warned! His design
contains serious deficiencies an
will not work with all MIDI
equipment.

1) Its inability to receive on
channel 1 is a limitation because
this is the most commonly used
channel. For example, a
synthesiser with built-in sequencer
may transmit keyboard ‘note on/
off’ events on channel 1 (code 0)
and sequencer events on channel
2 (code 1), without any ability to
change these channel numbers. In
a case like this the only way to
receive keyboard data is to put the
converter in OMNI mode, which
will mean that it has no choice but
to receive sequencer data ds well
whether you want it to or not.

2) The gate output is simply
toggled, rather than being turned
on by ‘note on’ codes and turned
off by ‘note off’ codes. This means
that it will only work properly if the
incoming codes follow a strictl
alternating on/off sequence. TKey
often won't. If the player hits a key
before releasing the previous one,
a second ‘note on’ will be
produced for that key before the
‘note off for the previous one
occurs. This ‘note on’ would be
interpreted as a ‘note off’, and if
the ‘note off for the first key
pressed were then produced it
would be interpreted as a ‘note
on'.

3) Some equipment does not
re-issue the status byte (9n for
‘note on’ or 8n for ‘note off) if it is
the same as the status byte for the
previous event. This technique is
being increasingly used, too. Its
advantage is speed — even though
at 31.25kHz the MIDI baud rate is
high compared with RS232, it is
only barely adequate for the kind
of timing accuracy required of it.
The circuit described would ignore
successive event data without
preceding status bytes.

4) There are two ways MIDI
transmits ‘note off’ codes — either
by a ‘note off’ command, or by a
‘note on’ with a key velocity of
zero. Since, however, the design
does not even decode the
incoming status codes at all, |
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suppose the fact that it does not
take this into account is only a
minor quibble!

5) The design assumes that the
only status bytes received will be
‘note on’ and ‘note off’ codes. This
is a very dangerous assumption.
MIDI handles considerably more
than just this information, and
some means of detecting and
ignoring other status codes should
have been provided.

6) The MIDI THRU socket is
simply connected in parallel with

‘the MIDI IN. This is dodgy — and

certainly not correct. The 5mA
current loop contains a total of
three 200R series resistors — two
in the transmitter and one in the
receiver. If more than one receiver
is connected to a single
transmitter, the loop current is
shared between a number of
receivers and is therefore reduced
in each receiver, which could
cause data errors. Done properly,
the MIDI THRU should be driven
by a buffer connected to the
optoisolator output. The MIDI
THRU also has no ground
connection to pin 2, which means
that the MIDI THRU lead will be
unscreened.

MIDI is a horrible cross
between a de jure and a de facto
standard, for example the
specifications published b
Yamaha and SCI differ. Before
releasing any MIDI design it
should be tested with as wide a
variety of commercial equipment
from as many manufacturers as
possible before accepting it. In
this case I suspect that neither
Penfold nor yourselves can have
done so.

Yours sincerely,

Alan Robinson,

London N11.

We have contacted R.A. Penfold
about this letter. He accepts most of
the criticisms made, but points out
that none of these apparent deficien-
cies are likely to cause problems if
the converter is used as intended.

As was pointed out in the original
article, the circuit was designed to
enable MIDI-equipped instruments or
computers to control older mon-
ophonic synthesisers fitted with
GATE/CYV inputs. Only ‘note on’ and
‘note off’ information will be of

relevance to a monophonic machine
and such information should be
purely sequential - if two notes are
pressed at once it can only be
because of sloppy playing! The
inability to receive on channel one
may prove a limitation in some cases,
but on most MIDI equipment the
channel functions can be defined as
required. The points regarding the
THRU socket and the re-issuing of
status bytes are taken, but neither of
these has caused any problems in use.
More sophisticated decoding could
be added if required, but the original
aim was to provide only what was
absolutely necessary in order to keep
costs to a minimum. The prototype
converter has been used for some
time now to enable a polyphonic SCI
synthesiser to control an older, mon-
ophonic SCI synth, and it has also
been used with a Yamaha DX7 as the
controlling synthesiser. In neither
case have any problems arisen.

An Auntie Matter

Dear Sir,

Thank you for your reply to my
letter about temperature
compensating resistors (Auntie
Static, ETI June ’86). The principles
you explained have proved very
useful to me. Now all I've got to
do is find someone who supplies

| copper wire wound resistors with a

temperature coefficient of 3900
PPM!

Yours sincerely,

A.J. Dolan,

liford,

Essex.

Driven to Write ...

Dear Sir,

Two months ago, | sent a
cheque for just under £100 to
Watford Electroncis for a
Mitsubishi Disk drive. | was
informed by the bank that the
cheque was cashed after about
two weeks.

Five weeks after having sent my
cheque I rang Watford to ask
where the disk drive was, and was
told by a very grumpy member of
staff that “Mitsubishi put their
prices up, so all the cheques are
being refunded”.

| understand that today’s
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LETTERS

AUNTIE STATIC'S PROBLEM CORNER

Dear Auntie,

I keep commg across the
expression ‘common mode’ But
I’'m not sure | know what it
means. Will you please explain?

D. Garfield
Surbiton,
Surrey.
3 LU

The term ‘common mode’ is most
easily explained by reference to a
particular circuit (Fig.1). This
represents an amplifier with a gain of
two which amplifies the difference in
voltage between v, (+) -and v, (=) .. The
output of the amplifier will be 2(v;,(+) -
vi.(-)), so any change in the voltage
difference between the two input
terminals will be amplified, whereas
any input which causes both to rise or
fall by the same voltage will not change
the output, since the difference in
input voltages will remain constant.

A change in the voltage of one input
terminal with respect to the other is
known as a ‘differential mode’ input;
an equal change in both input
terminals is a ‘common mode’ signal.
any arbitrary input can be thought of as
a combination of common mode and
differential mode signals. For example,
if vi, (+) rises by 3V and v;,(-) by 5V,
this is a differential mode input of - 2V
about a mean change of 4V (from 3V+
5V/2). This average is the common
mode. In a perfect circuit, the
differential mode component would be
amplified by a factor of 2, the common
mode component would be ignored,

and the result would be a change in
output voltage of -4V.

In a practical differential amplifieér,
there will always be a certain amount
of amplication of common mode
signals. With the circuit of Fig.1, the
most significant cause of this would be
resistor tolerances - the ratios R2/R1
and R4/R3 must be exactly equal for
proper operation. Often, it is a matter
of concern that common mode signal
amplification should be kept to an
absolute minimum.

Induced noise voltages on balanced
lines appear as substantially common
mode inputs at the amplfier. A circuit
with very small common mode gain, or,

R1
2R

Vinl-) o S _ :
be———0
Vin(# B
R

R4

Fig. 1 A differential amplifier.

to put it another way, good common
mode rejection, will greatly attenuate
noise voltages. This is one good reason
why balanced lines are often used in-
preference to single-ended ones for
low-level signals. In instrumentation
circuits, transducers are often
incorporated in a bridge arrangement;
common mode signals can arise from
drifts in supply voltage, temperature

change in transducer characteristics,
and so on. It is essential that these

" spurious outputs are rejected by the

measuring apparatus.

Common mode rejection ratio
(CMRR) is often used as a figure of
merit in the specifications of _
instrumentation amplifiers. The CMRR
is simply the ratio of the differential
mode gain to the common mode gain
(Ag/Ac), Often seen expressed in dB
as 20 logo (Agm/Aqn) - A well designed
differential amplifier will have a
common mode rejection of around 10*
to 10°(80dB to 100dB).

1In a slightly different context, you
may see common mode and
differential mode inputs mentioned in
op-amp and comparator data sheets.
In this case, the figures given usually
refer to electrical limits on the IC's
operation. For instance, the LF400C
op-amp has an absolute maximum
differential input voltage range of
+40V. This is the maximum voltage
that can appear between the input
terminals without causing damage to
the I1C. (There is also the additional
constraint that neither input must go
below the negative supply voltage).

The input common mode voltage
range is given as = 11V minimum for a
supply voltage of = 15V. This means
that the LF400C will function according
‘to its specifications with a common
mode voltage on the inputs anywhere
within this range. In normal operation,
unless the op-amp is being used in
comparator or switching applications,
both inputs can be considered to be at
the same voltage for practical
purposes, and the common mode
voltage will be equal to this.

Auntie.

business policies. mean selling the
goods before you actually own
them (Sinclair was the pioneer of
that), but it appears that some of
the older companies are starting to
follow this trend as well, protecting
themselves but not the customers
with “prices subject to change
without notice”. I understand.all
this, but why didn’t they have the
decency to at least write or ring to
tell me what was happening.

Now, two months after sending
my cheque off, I still haven’t seen a
single sign of my money, or an

“apology. | rang up Watford to talk
to the complaints department, and
ran out of money on the phone
trying to find out what had
happened to my money. The staff
at the other end helped me to
waste a phone call, and refused to
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phone back because they said they
have no outgoing lines!

The purpose of this letter is to
warn anyone out there who is
thinking of trading with Watford
Electronics that here at least is one

| person who will never even think

of buying from Watford agam
Yours faithfully,
A.F. Stratton,
Zeals,
Warminster,
Wiltshire.

We have received several complaints
from readers regarding the disc drive
special offer we ran in conjunction with

| Watford Electronics in our January and

March 1986 issues.

" We have followed up individual
complaints with Watford and as far as
we know all those who placed orders
should by now have received either a

disc drive or.a refund. If anyone is still
having problems, we suggest they get
in touch with us immediately. We have
also had some complaints from people
who received their disc drives but
found the free utility disc was missing.
In this situation we suggest you write
directly to Watford. — Ed.

Beyond th_e DES

Dear Sir,
For some time before your

- magazine wrote the first article on

data encryption (September 1985)
I had been working on the design
of an ‘Electronic One-time Pad’ IC.
At the moment | am about to
assemble the circuit board which
contains around 40 standard logic
ICs, which will do the job of the

final chip. ’
The final system will plug into
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any eight or 16-bit computer and
will work like a standard memory
device. An eight - byte key is
entered into eight locations and
the data to be encrypted is written
into another eight. The encrypted
data is read out immediately after
the final write operation. To
decrypt, the encrypted data is
written into the system and the
decrypted data is read out. The
system will contain two ICs: the
data encryption chip and an
EPROM programmed to drive the
encryption chip in the most
suitable way for the computer it is
used with. The key is changed
automatically between each
encryption operation and can be
read out at any time, but knowing
the current key would not help
anyone to break the system.

My system has similarities to
the DES, but the security of the
DES system has been brought into
question, as anyone who saw the
‘Horizon’ TV program on the
subject will know. The NSA have
deliberately weakened it to allow
them to intercept messages. My

system has not been interfered
with in this way.

I am hoping to find a company
who will help me to develop my
circuit into a single IC and provide

“some financial assistance. Will you

please print my complete address
so that anybody who is seriqusly
interested can contact me?

Yours sincerely,

P.R. Moyes,

62, Lingway Gardens,

Leicester,

Leicestershire

LE3OLU.

Sale Of Effects?

Dear ETI,

At a recent jumble sale |
bought an LED light effect unit
called a Starburst and'a ham radio
receiver, an Eddystone 990R. There
were, however, no instructions or
other written information with
either of my bargain buys.

Can you or any of your public-
spirited readers help out with a
photocopy of the original
‘Starburst’ article from Hobby
Electronics, September 1979, and
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any information whatsoever on the
Eddystone unit, especially
operating manuals, circuit
diagrams, addresses of crystal
suppliers, etc. Do Eddystone still
exist and if so do you have an
address for them?

1 will pay for any photocopying
and postage etc and | will also pay
a modest sum for any Eddystone
material supplied.

Yours sincerely,

Alistair Bell,

Handsworth,

Birmingham.

Although our sister magazine
Hobby Electronics has long since
ceased publication, photocopies of
articles are still available through the
ETI Photocopy Service. There is a
standard charge of £1.50 and your
cheque or postal order should be
made payable to ASP Ltd. Send your
order to the address given on the
contents page. We don’t have any
information on the 990R but we do
have an address for the company:
Eddystone Radio Ltd, Eddystone
Works, Alvechurch Road, Birmingham
B31 3PP, tel 021475 2231. — Ed.

ETI

CROFTON PM101

SUMMER OFFER £40

L=

|nc|us|ye VAT and carriage £49.45 total

THE VIDEO SPECIALISTS

Crofton

Be sure to ask for our
various catalogues.

' We have a full range of

products including:

1—Discrete listening

- devices
2—Plugs/sockets/
: connectors /leads
3—Television accessories
4—Security products

5—Computer products

THE NOVEX 1414

SUMMER OFFER £10

Inclusive VAT and carriage £128.80

This superb metal cased 14 inch RGB/
COMPOSITE COMPUTER COLOUR MONITOR
is unbelievable value at this price!

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

6—NEC cased and
uncased monitors

CCTV camera at
attractive prices

product at a budget price!

SPECIAL OFFERS

MONITOR KITS Brand new profes-
sional 12 inch. P31 anti-glare panel
tube with T.T.L. 12v pcb. Easy to con-
vert to composite. ONLY £30. 2X81 Full
sized keyboard in metal case £13.80.
COMPUTER DESKS £20. )

IF YOU WOULD LIKE ALL OUR
CATALOGUES—PLEASE
SEND A 38p 9 x 12 S.A.E.

ALL OUR PRICES INCLUDE VAT, CARRIAGE |
& INSURANCE AND CAN ONLY BE HELD
AS LONG AS'STOCKS LAST!

PHONE YOUR ORDER NOW!

MOST MAJOR CREDIT-CARDS ACCEPTED
OFFICIAL ORDERS FROM APPROVED N-
DUSTRIAL OR EDUCATIONAL ESTABLISH-
MENTS WELCOME.

Delivery within 28 days.

All inclusive price

PHILIPS BM7502 .......ccovieerneniennrens
PHILIPS BM7522 ............ccvecniniinenne
PHILIPS CT2007 .....cccocvniianncinnnenn,

CROFTON ELECTRONICS
- 35 GROSVENOR ROAD, TWICKENHAM, MIDDLESEX TW1 4AD
SALES & SERVICE: P.

= 01-891 1923

0. BOX 6, KINGTON HR5 3SX. % LYONSHALL 557
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FEATURE

MICRO-
OMPUTERAIDED
CIRCUIT DESI

Julian Burt continues his investigation of circuit design and
analysis techniques for use on microcomputers with a look at

active components, DC analysis and program overlay

techniques.

ast month we restricted ourselves to passive two
Lgort networks. Active components, however, can
e represented by equivalent circuits containing
passive components and voltage and current sources.
To explain how to handle networks with active compo-
ents, we'll use the example circuit of Fig. 1 — a simple
low pass filter with a cut-off frequency of about
1.5 kHz.
Suppose we wish to find the response of the circuit at
1 kHz. The two rules for formulating a nodal admittance
matrix specify thatY,,, should be equal to the sum of all
admittances connected to node n and Y,,,, shouid be
equal to minus the sum of all the admittances connec-
ting node n to node m. That being the case we can
assume the matrix we're after to be composed of two
separate matrices added together. One will represent
the admittances due to passive components and one
will represent the admittances due to active circuitry.
Notionally, we remove the op-amp from the circuit, use
2#fC to calculate the admittance of capacitor C1 and
1/R to calculate the admittances of the resistors and
come up with the passive admittance matrix:

node 1 2 3 4 5

1 102 0 0 0 107 ;
2 0 103-6.107% 0 0 -10°+46.10%

3 0 0 10* 10 0

4 0 0 -10* 0% 0 i
5 102 -103+6.10% 0 0 210%6.10™

Next, we must consider the op-amp by itself. A
simple equivalent circuit for the op-amp is shown in
Fig. 2. On the asssumption that the op-amp displays no
frequency dependent characteristics, theinputand out-
put impedances can be expressed as purely resistive.
Input voltage is the voltage difference across the
inverting and non-inverting inputs to the op-ami) andis
multiplied by gain, A,, to provide the output voltage.

The op-amp equivalentcircuit has fournodesand we
require four equations to produceitsadmittance matrix.
Formulation is complicated by the need to account for
the dependent voltage source in the output half of the
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equivalent circuit. To get round the problem, we will for-
mulate the circuit description equations ‘by hand’. On
the input side:

|1,=Yin(V1 "'Vz) and

=Y (V,—V,).

The output equations can be obtained by applying

the principles of superposition and proportionality
touched on last month:

|3=Yout(v3"Ao(V1_V2)"V4) and
|4=Y0ut (V4+A0(V7"'V2)“V3).

These can be rewritten in matrix form to obtain the
general op-amp admittance matrix:

Y, =Y, 0 (4]

n n
=Y. Y. 0 0
AIn n ¥
Ao Yout Ao Yout Yout “Vout
Ao Yout A, Yout You Yout

Typicalinputand outputadmittance values fora741
op-amp are in the order of Y,=10° and Y,,=10?
IS;(emﬁns. Assume a gain of 2x10° and the matrix looks
ike this:

10® -10°® 0 0
-10°® 10 0 0
-2.1073 .2.1073 1072 -102
21073 -2.1073 .10 1072
Fig. 2 1deal op-amp equivalent circuit.
c1
100n O] ®
—— V10 | Vout
R2
1k0 vm} Yin Yout
p—ANA— _
] Va
Vin(;)-'\/\/\/‘*@)
o ®“‘° Vout ) Ao Va=v2)
1ok ~
ov
®
®
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The complete matrix for the circuit of Fig. 1 is formed
by re-arranging the above matrix into a 5x5 matrix with
rows and columns corresponding to the nodal matrix for

the passive part of the circuitand then adding the active.

and passive matrices.
The re-arranged matrix looks like this:

The matrix looks like this:

ie re -Yie-Yre
Yfe Yoe -Yfe+Yoe
Yie Vre 'Yre-Yoe Vet Ve tYie=

0 0 o . o 0
Q 102 2107 -10? -2.107
0 0 10¢ 0 -10°®

0 -10? -210% 107 21073
0 0 -10® 0 10

And the combined and final matrix like is produced
by adding the elements of each matrix in their proper
positions. The result can then be simplified using the
techniques discussed in the first part of this series.

Model Techniques

Equivalent circuits for active components are really
models of component behaviour. The models presuppose
a particular circuit configuration and are limited to small
signal changes around a given operating point. The
models familiar from text-books are often extraordin-
arily complex. Approximations and acceptable short-
cuts are commonplace. But the remarkable growth of
computing power inrecentyears means that complexity
need no longer be a barrier to accuracy.

As with any models, equivalent circuits can be in-
definitely improved upon. The op-amp model we used
earlier includes no frequency resonsive elements. A

uick look at the frequency repsonse of a 741 (Fig. 5)
should confirmthatit willonly beacceptable from DCto
about 200Hz. To account for the fall-off in frequency
response beyond 200Hz, we could improve the model
byaddingasimple RC low pass filterto the ideal op-amp
(Fig. 6). Matrix reduction can ensure that extra nodes
introduced byadding such’compensatory components
can always be eliminated before active and passive
matrices are combined.

i
’w- ’b'c
BASEC—{ ]+ T F <) COLLECTOR
b'e %":E Ve Tee
ImVbre
&= ) EMITTER ’ ©
| Fig. 3 Hybrid 7 model with capacitance.

Take the models for a bipolar transistor in common
emitter mode. for example. Two familiar models are the
hybrid-mmodel (Fig. 3) and the hybrid parameter model
(Fig. 4). The hybrid-m model is popular in America, while
h Erid (or h) parameters seem to be increasingly used
elsewhere. Of course, the two systems are convertible
(as they both are with the third popular model, the T-
network) and conversion formulae can be found inany
basic textbook. Once having found or calculated the
h-parameters (h,, or base circuit resistance; h, or
reverse voltage transfer ratio; h or forward current gain;
and h,, or output admittance), we can formulatea nodal
admittance matrix for a bipolar transistor in common
emitter mode by means of these equations:

Yie=1 /hie Yre=-hre/hie Yfe= hfe/hie and
Yoe=(hiehoe-hrehfe)/hie
3 h ]
¥ 'b hud e +
BASE O——{ p——a—O COLLECTOR
] +
Vb PreVe d) Pte to [] hoe {Ve
o— 3 -0
- EMITTER -
Fig. 4 Hybrid parameter model.
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Fig. 5 Op-amp frequency response.

Op-amps and bipolar transistors are probably the
most popular active componentsin linear circuit analysis,
but models are available for most components. A selec-
tion of the more useful models is shown in Table 1. We
now have the tools to analyse any two port network. It
will be useful to examine some of the ways in which the
resulting long programs can be implemented on small
micros (referring throughout to the BBC and Acorn Elec-
tron computers).
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Fig. 6 Op-amp equivalent circuit with frequency
compensation.

Program Overlay
A good analysis program will have three main data
entry properties:

1) choice of
keyboard);

2) capability of obtaining all the results of analysis
from one set of data and one run of the program;

3) ability to edit data.

The inclusion of these facilities, and the requirements
of user friendliness and comprehensiveness mean that
the programis likely tobe very long. The BBC B micro has
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a maximum of 28.1K user RAM which is cut down to -

25.3Kif the disc filing system is used. The Acorn Electron
is in a worse position. This means that if a cassette filing
system is used we must limit ourselves to a very basic
pro%am. ifadisc system is used, however, the problem
can be greatly reduced by means of program overlay.
Partial overlay is one method used on mainframe
computers. It can be adapted for use on most disc
systems which allow loading addresses to be altered.
BBC BASIC has four resident pseudo variables which
give information about the memory. PAGE returns the
start address of user programs, TOP the address of the
first free byte above a user program, LOMEM the start of
the BASIC area used to store dynamic variables and
HIMEM the address of the first byte of screen memory,

@ g - @ n2Y _n2y —n¥Y nY
4 —n2vy a2Y nY —nY
—nY nY Y -Y
- Y Y -Y Y
@ IDEAL TRANSFORMER @ " —"Y =15x 104
Oo———00
o——2— 0@

TRANSMISSIDN LINE

h=2z/2

1 jTan(hi/2} -1 —jTan(hl/2)
Tl T 2, iZgSin bl 2
-1 1 jTan(ht/2)  —iTan{hl2)
iZgSin bt iZgSin b P4 Zy Zo
—jTan{hl/2) —jTan(hi/2) ZjTanthi'2) |
2y Z Zg
[
Gate 9 DRAIN
® ®
Coemem |V, Tds -]-cd:
o . : —0
SOURCE @
FIELD EFFECT TRANSISTDR
Y(Cgq * Cyg! —¥(Cyy) ~Y(Cog)
—Y(Cgq) v oM Y(Coq #1gs * Cygl—om —Ylirg; + Cgg}
~¥(Cyg) + gm ~¥(Cyy + Tgg) + M ¥iCyg + rs+ Cay) |

Y(Cgs + cdg) iS THE ADMITTANCE OF (2w
PLUS THE ADMITTANCE OF cdg ETC.

Table 1 Some equivalent circuits and their nodal

admittance matrices

These variables can be altered to aliow storage of
more than one program. A complete program can be
broken up into a main program containing all the com-
monly used subroutines and procedures and the pro-
gram logic and several sub—proFrams which perform
specific tasks and make use of the main program’s
subroutines and procedures. The subprograms canonly
be held inmemory one atatime, so theyare not allowed
to call or direct program flow to other subprograms.
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A circuit analysis program may contain subprograms
to interpret circuit data, set up active component model
matrices, complete nodal admittance matrix formula-
tion, reduce matrices and present the results of analysis.
The actual process of overlaying is relatively simple.

On the Acorn machines, the start of BASIC lines is
signified bK a carriaFe return byte plus a two-byte line
number. The end of a BASIC program is signified by a
line-numberhigh byte of over127.Since TOP carries the
address of the next free byte after the end of the pro-
gram, an extra section of program has to be loaded at
address TOP-2. This can be done by means of the com-
mand*LOAD“name’” /hexaddress/. Normally, LOMEM
and TOP are equal but if they are allowed to remain
equal the extra section of program will be overwritten by
dynamic variables. LOMEM must be reset to TOP plus
the Ienﬁth (in bytes) of the largest subprogram to be
used. This length can be found by Ioadinﬁt e subpro-
gram by itself into memory as normal and then returning
the value TOP-PAGE. Resetting LOMEM will then also
prevent main program variables being lost when a
subprogram is loaded. This resetting should be done at
theverybe inninﬁof the main program. (More informa-
tionaboutthistechnique, ifrequired, canbefoundinthe
article‘Disc Overlays’ by Patrick Quick, ACORN USER,
November 1983).

Using Data Files

The advantage of partial overlay is that only one area
of memory is required. But it takes time to load each
subprogram from disc and one subprogram cannot call
on the services of another.

Another method of overlay avoids these problems. It
is suitable for all disc based systems and makes use of
data files. The complete program is written as a number
of independent programs which would be used in a
sFecific order. The first program would be an editor,
allowingdataonthecircuittobe enteredand editedand
then stored in a data file. Next, an interpreter would be
loaded and this would reload the data file and create the
circuit description matrices for the passive and active
parts of the circuit. The matrices would then be saved to
adatafile and the next program loaded. In the case of AC
analysis, this would contain all the procedures for form-
ingthe complete nodal admittance matrix from the mat-
rix information in the data file. It would also reduce the
matrix and calculate the results for a range of frequen-
cies. The results would be written to a data file and then
the final output program would be loaded to display the
results or print them out.

The advantage of this system is that the data file will,
atthe end of the program, containall the importantinfor-
mation ofthe circuitand so can be used again. If the data
file is created in the proper manner, it can also be used
with a word processor to contribute to the documenta-
tion. Another advantage is that it becomes a relatively
simﬁl'e matter to add extra programs to the suite to
further analyse the data.

The Acorn computers have 26 reserved variables, A%
to Z%, which are not changed when a new program is
loaded. These can be set to different values so that each
analysis subprogram can select what program to load
next by examining the contents of these variables. This
method can be implemented on other computers by
POKEing values into a block of memory not affected by
program loading. Then by PEEKing at these bytes the
required action can be determineg.

Some micros allow direct screen access, so data on
the circuit can be stored in byte formin this areaallowing
larger circuits to be analysed. Obviously, the program
shouid not then use the screen for text as this will cause
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information to be lost.

DC Operating Point Analysis

An area of analysis we have so far overlooked is DC
operating point analysis. We can emplo?l the nodal
admittance matrix technique again here, if we assume
that any capacitors represent open-circuits to DC and
any inductors represent resistors of between around 10
and 100 ohms depending on the value of the inductor
and its physical characteristics. Replacing capacitors
and inductors by open circuits and resistors can be done
by the program, especially if it is acceptable to assume
equivalent resistances.

Now the matrix can be formed in the usual way. If the

method for creating two reactive matrices for AC analysis

is used, the formation of the DC matrix is a matter of
replacing any non-zero element in the inductive matrix
with the conductance figure for the appropriate equiv-
alent resistor and then adding the modified inductive
matrix to the resistive one.

To find the voltages at each node we need to solve
the set of linear equations represented by the single
nodal admittance matrix equation. This equation consists
of a current vector containing the currents meeting at
each node, the nodal admittance matrix itselfanda vec-
tor containing the unknown nodal voltages. Kirchoff's
Current Law demonstrates that the internal nodal cur-
rents sum to zero while signalinput and output currents
are undefined. For DC conditions, however, we can
ignoressignalinputand output nodes which will be effec-
tively disconnected. On the other hand, we can’tignore
the power supplyas we would withan ACanalysis. Thisis
connected to an external current source producing an
unknown nodal current,

Norton’s Theorem allows us to convert a voltage
source into a current source, which is a necessary first
step towards finding the unknown nodal current. The
theorem says, in essence, that the Thevenin equivalent
of a linear circuit — voltage source plus impedance in
series — is effectively the same as a current source shun-
ted by an equal value impedance (see Fig. 7). We can
incorporate the current source into the circuit descrip-
tion equations by introducing an extra node,

' If the power supply is connected to node ‘K’ at one
end of the notional shuntimpedance and extra node —
at the other end of the shunt impedance — is called ‘§
(andifweassumetheimpedancetobe purely resistive;,
then both Y;, and Y,; will be equal to-1/R while the new
value of Y,, will be the old value plus 1/R (where R is the
value of the shunt resistance). This change is easy to
implement in BASIC if arrays have been used and the
node numbering has started from 1. We simply give the
extra node the number zero. We don’t have to redefine
the nodal admittance matrixand the nodal equations for
a circuit with a single-rail power supply of V.. volts
become:

minants are used. In essence, thetechnique uses repeated
multiplication and addition or subtraction to eliminate
all but one variable from each equation. In matrix terms,
we cansaythatifasystem of equations hasaunique solu-
tion, row reduction can be employed to reveal the solution
by the systematic elimination of coefficients to produce
the identity matrix.

Y v |

o Y,y e Yy, , L .
A —
e Y Yo | v, |1,

1T 0 e 0 v, ],
I . 0 v, | ),
0 0 1 v, ),

where J, is produced by the arithmetic operations
involved in the elimination of every coefficient from the
k™ equation. In the particular case of the DC operating
point matrix above, J, will be a function of V./R and the
relevant admittances.

VIR Ll Yoo Yoo |t v,
0

0 =

0 Yoo Yo v,

where n is the number of nodes and all currents apart
from V_./R are zero.

The method we use tosolve such systemsisknownas
Gauss-Jordan elimination. The method is very efficient
requiring, forexample, only 441 multiplications to solve
a nine-node circuit as compared to up to 3.10° if deter-
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| Listing 1 Basic Gauss-jordan elimination.

-R

RESHIL

-0 -0 QO
{a} (b} (e)

Fig. 7 Turning a simple voltage source into a current
source by means of Norton’s Theorem.,

Listings 1 and 2 are both routines for performing
Gauss-Jordan elimination. The second listing represents
an improvement on the basic procedure of Listing 1,and
will reorder the matrix rows and eliminate unnecesarg
computations (such as multiplication of zero elements
inorderto make the ﬂrocess more efficient. Thereorder-
ing makes sure that the largest coefficients are alwayson
or below the main diagonal point of any column.

R-lcl)
1005
ie1e
1e2e
1030
1040
1656
le60
1070
1086
1096
1100
1105
1110
1120
113
1135
114¢

DEF PROCeliminate

FOR I%=1 TO N

FOR J%=1 TO N

IF J%=I% THEN GOTO 1090
C=Y (3%, 1% /Y (1%, 1%)

FOR K%=1 TO N

Y(I%, K%Y =Y (J%, K%) ~C#Y (1%, K%)
NEXTKY
1(I%)=1(J%) -C*I (I%)
NEXTJ%

NEXTI%

FOR 1%=1 TQ¢ N

VI =1 (I%) /Y (1%, 1%
NEXTIZ

ENDFPRQOC

As with last month, the routines are written in BBC

BASIC, but can be adapted for general use by convert-
ing them into subroutines rather than procedures.
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PINEAPPLE SOFTWARE

Programs for the BBC model ‘B’ with disc drive with
FREE updating service on all software

1200 DEF PROCquick_eliminate
1205

1210 FOR I%=t TO N

1220 MAX=-1

ARE YOU GETTING THE MOST FROM YOUR
DOT MATRIX PRINTER AND DISC DRIVE?

123@ FOR KZ=IZ TO N

1240 IF ABS(Y(KY, I7))>MAX MAX=ABS(Y(KZL,1%))
: ROW%=KY

1258 NEXTKZ

127¢@ FOR KZ=1Z TO N

1280 TRANS=Y (1%,K%)

1299 Y(I%Z,K%) =Y (ROWY%, K%L)

1300 Y (ROWY, K%Z) =TRANS

1310 NEXT K%

13290 TRANS=I (I%)

DIAGRAM is a new program which really exploits the full potential of
the BBC micro and will enable you to obtain printouts of a size and
quality previously unobtainabie from your system.

FEATURES

®Draw diagrams, Schematics, plans etc, n
any aspect ration, eg 10+3, 2#12 screens

®Access any part of the diagram rapidly by

1330 I1(1%)=I (ROWXL) entering an ndex name, eg. TRG, RS etc, to
1340 1 (ROW%)=TRANS dsplay 3 specific section of the diagram, and
1345 @ then scroll around to any other part of the

1366 FOR J%=1 TO N

1376 IF J%=I% THEN GOTO 1430
1380 C=Y(J%, I%)/Y{I%, I%)
139¢ FOR K%=1%+1 TO N

1395 IF K%=4 THEN GOTO141¢
1400 Y (J%,K%L)Y =Y (J%L,K%L) —CxY (1%, K%)
1410 NEXT K%

1420 T(J%)=I(JZ)-C*xI(1%)
1430 NEXT J%

1450 NEXT I%Z

1455

ol
DIAGRAM SOFTWARE

£25 %60

S VAT PO PUS VAT PP £1 75

diagram using the cursor keys.

eUp to 128 kcors may be predefined for each
diagram, eg Transstors, resstors etc., n full
mode 0 definition, up to 32 pixels
horizontally Dy 24 vertically.

7 eHard COpY PrNtouts N varying print Sizes

up to 18 mode O screens on an Ad size sheet,
compatibie with most dot matrix printers.

eMany other featwes nCuding, selectable
display  colours, comprehensive fine  drawing
facilities, TAB settings, etc.

1470 FOR 1%=1 TO N T

1480 VA(I%)=I1(1%)/Y (1%, 1% MARCON ALl ®The @test verson of DIAGRAM 5 now fuly
149 NEXT. I% ’ | TRACKER B AND compatible with the Marcon Tracker Ball,
A g ICON ARTMASTER PLUS Woich s Sl of [EheLGen 0
= DIAGRAM SOFTWARE many of the editing features to be carmed

1516 ENDFROC £76 50 e
Listing 2 Improved Gauss-Jordan efimination. oy ®DIAGRAM 5 supplied i an attractve hard
PLUS VAT P&P £1.75 backed disC wallet with keystrip and

Next month we'll be looking at non-linear analysis and
transfer functions. We’'ll also touch on time domain analysis
and useful routines for Fourier analysis and quick line printer

plotting. ETI

ALL ORDERS SENT BY RETURNOFPOST

39 Brownlea Cardens Seven Kings tford Essex I1C3 9NL

@ Tel 01-5991476

IN-CIRCUIT
EMULATION

Real-time, full speed emulation with 2048 cycle
40 bit trace and 256 cycle 32 byte register trace.
Conditional emuiation control by hardware pointers.

Range of 8/16 bit processors and controllers
supported by probe replacement.

FULLY INTEGRATED SYSTEMS
IDS-7000 for 8 Bit Universal
IDS-7400-8  for 8 Bit Universal

IDS -7400 - 86 for 8086/7/8

STAND - ALONE EMULATION

ICE-ENGINE/BX-8
ICE-ENGINE/BX-86 for 8086/7/8
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For further information contact:

Thandar Electronics Ltd., London Road, St. Ives,
Huntingdon, Cambridgeshire PE17 4HJ.
Telephone: 0480-64646. Telex: 32250.

thandar

ELECTRONICS LIMITED
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Anna Paczuska finds that appearances are deceptive and that
electronics can be bad for your health.

make it unusable if it sticks to it during

manufacture. For that reason the dust level in
semiconductor factories is kept about 100 times
lower than in a modern hospital. Workers wear special
clothing, headgear and gloves not to contaminate the
product in any way. Air conditioning constantly filters
the air supply.

The dust-free surfaces, the smartly attired workers,
and the air control give an impression of cleanliness.
This, in turn, has led to the illusion that work in the
semiconductorindustryis safe. Itisn’t. A growing body of
evidence shows that in spite of low accident rates, the
level of work-related illness for the industry is excep-
tionally high.

E ven the smallest speck of dust can flaw a waferand

A US government survey found

that industrial illness was three
times as common in

semiconductor manufacturing as
amon§ workers in general
manutacturing. . ..

iliness is not the only danger. Elfreda was 18 when
she left her rural home in the Philippines and went to
work at Dynetics, a semiconductor assembly plant in
Manila. She worked in the tin-dip and plastic
moulding sections.

After three years she developed chronic anaemia,
skin problems and swollen lymph glands. She was found
to be suffering from cancer of the lymph system. Elfreda
died when she was 22. Her case, though dramatic, is not

atypical.

Endemic llinesses

In 1980, a US government survey found that
industrial illness was three times as common in semi-
conductor manufacturing as among workers in general
manufacturing. Chemically caused illnesses, known as
systemic poisoning, are twice as high for the semicon-
ductor workers clustered round Silicon Valley as for
other industrial workers in California.

In Asia, labour organizations, community health
groups and concerned doctors have gathered evidence
of a range of industrial diseases and injuries associated
with the electronics industry. A 1978 survey of 600
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workers at Control Data in Korea, for example, found
that almost two thirds of th had ulcers, probably
related to work stress, Nearlypﬂglf the workers who did
soldering had skin diseases. Swedish research shows
that soldering is associated with four times the average
incidence of skin cancer.

In the Philippines there is an abnormally high rate of
tuberculosis and pneumonia among electronics workers.
In some factories women are forbidden to wear their
own clothes underneath their uniforms in case that
brings dust into the plant. So women used to a humid
tropical climate are obliged to wear thin uniforms in
cold, air-conditioned rooms. To compound injustice,
they lose their jobs if they get pneumonia or
tuberculosis.

In Britain the few statistics available show the same
disturbing trend towards ill health. For example, re-
searchers at Birmingham University recently reported
that workers employed by Lucas Industries in the West
Midlands suffer a higher than expected cancer rate.

Dangers to health have multiplied in the electronics
industrysince the transistorwas developedin 1948, The
increased risks, however, were not immediately obvious,
partly because rapid innovation meant there was hardly
timetoinvestigate one process beforeit was replaced by
another. The main reason for the delay in awareness,

MALRYSIA PHILIPPINES

44.%/, oF WORKERS A SURVEY

AT A.U.S FIRH SOGGESTED THAT
CoHPLAINED oF NEARLY 50% OF
DETERIGRATING RSSEMBLY WORKERS
EYESIGHT . SUFFERED POOR

EYESIGHT,
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however, was and is that effects are often long term. It
can take between two and 50 years after exposure to a
cancer causing substance beforea cancerappears. Daily
use of a microscope can cause permanent eye damage
but may take five years to do so.

Delay in visible symptoms is compounded by high
labour turnover. By the time workers are suffering the ill
effects of production processes they have often left the
workplace. In Malaysia workerturnoveris 6% permonth.
Even in Britain workers over 35 may be encouraged to
leaveto bereplaced by school leavers(see p.7, ETI, April
1986, for thisg).

When older workers are constantly replaced by
young workers in this way, awareness of hazards does
not carry over. Each intake learns by experience — by
which time it may be too late.

Theelectronics industry is not just dangerous for pro-
duction workers. It can be lethal for anyone living
nearby. According to one 1984 estimate, 80% of chemi-
cal storage tanks in Silicon Valley were leaking. At the
Fairchild plant in South San Jose in 1981 an estimated
58,000 gallons of solvents and chemicals leaked through
the soiland into the community watersupply. Poisonous
chemicals were found in the drinking water. Birth abnor-
mtalities in the area soared to twenty times the normal
rate.

Chemicals

Many of the hazards affecting electronic workers are
caused by chemicals. TheK are the raw material of the
electronics industry and the growth of the electronics
industry has been accompanied by their proliferation.

Athousand newsynthetic chemicalsare launchedon
to the world market every year, and the annual rate of
production of chemicals doubles every ten years. Most
of the chemicals used in industry did not even exist 40
years ago— and there are a lot of them. Hewlett Packard
alone keeps records on 3,000 different chemicals at its
California headquarters.

Huge sums of money are involved. In 1980, the world
turnover of chemicals was valued at $550 billion. Three-

quarters of production was controlled by a handful of
multinationals basedin Europe, Japan and the US whose
average annual profit rate in 1979 was 25%. With cut
throat competition and high stakes, it is inevitable that
companies give precedence to productivity and com-
petitiveness. As a result products are not tested
adequately and serious threats to workers’ long term
health are ignored.

KOREA HONGKoNG
95°/, OF lWoRKERS # 459, oF
AT AU.S FHRM o’ WORKERS
DEVELOPED EYE SURVEYED HAD
PROBLEHS AFTER EYE PROBLEMS,
ONE YEAR OF
WORK .
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Health is threatened at every stage of semiconductor
wafer prouction — by the dopants and gases used in
crystal growingand deposition, by theacidsand solvents
used in wafer preparation, and by metals and oxides
used in implantation and metallization. Semiconductor
assembly and PCB fabrication carry further risks from
curing agents, epoxy resins and dyes.

Dopants can be particularly insidious. Doping is, of
course, the introduction of controlled amounts of im-
purities into solid crystalline substrates and is the key
process in the fabrication of microelectronic circuits. In
the standard diffusion process, dopant vapouris used at
temperatures between 900-1000°C. lon implantation
is a newer and increasingly propular process in which
dopants are introduced to the silicon substrate in a
vacuum at room temperature. The risk of exposure to
dopants is substantial with either process and all dopants
are extremely hazardous. They include hydrides, oxides
and halides of elements such as arsenic, phosphorus,
antimony, cadmium, aluminium and zinc.

Many of these chemicals are well known to be
dangerous. Phosphorus was banned for use in match
and firework production over 50 years ago because it
was known to cause the chronicbone condition’phossy-
jaw’. Phosphorus compounds used in semiconductor
production are known to damage liver and lungs as well
as cause severe irritation to the eyes, throat and skin.

In 1983, nearly 200 women at a Japanese electrical
factory in Hong Kong were taken to hospital suffering
from exposure to phosgene and ozone. At first the
women thought they had flu because they felt dizzy,
nauseous and had headaches. One woman went into a
coma for over four days. At least three pregnant women
lost their babies. Some suffered permanent lung
damage.

Hewlett Packard alone keeps
records on 3,000 different
chemicals at its California
headquarters. ...

Arsenic compounds, too, are notoriously dangerous
and can damage the nervous system and cause leukaemia.
In 1982, a 23-year-old US university lab technician was
found dead near equipment in which he was replacinga
cylinder of arsine (arsenic hydride). His death was the
result of massive exposure. The ion implanter he was
using is common equipment in the semiconductor
industry.

Burns

Poisoning is one chemical hazard, but burns are
another. Chemical burns to the skin of the face and
hands are often cuased by hydrofluoric acid, the most
notorious burn-producing chemical in the semi-
conductor industry. :

As with other chemicals the seriousness of the burn
dependsonthestrength oftheacidand how longitstays
in contact with the skin. But workers often find out the
have been burned only after they take their gloves o
and see moisture on their fingers. There may be no pain,
or it may be delayed. The symptoms may not appear
until they have left work and gone home.

Cancer

No more than 2% of the chemicals available on the
world market have been tested properly to see whether
they cause cancer. In some cases companies eager to
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make sales have falsified or covered up test data. Little or
no research has been done on the effects of exposure to
combinations of chemicals. Yet the American Govern-
ment Survey estimates that between one and two fifths
of all cancerinthe US is due to exposure to chemicals or
radiation at work, ,

For workers in assembly and testing plants in Asia
there are other hazards. Multinationals moved the
labour intensive sectors of electronics production to
where labourwas cheap. Chemicalsand partsareimpor-
ted, and health risks come with the cost saving.

Thousands of Asian electronics worker have poor
eyesight. Tedious detailed work using microscopes and
VDUs causes extensive and permanent eye damage.

A study in South Korea showed that 95% of workers
surveyed in various electronics factories developed eye

roblems after only a year of work. Their problems
included chronic conjunctivitis, short sight and astig-
matism. In the Philippines one recent estimate showed
that half of the electronics workforce had poor eyesight.
Yet factories will only accept new workers if they have
perfect eyesight.

The electronics industry is not just
dangerous for production workers.
It can be lethal for anyone living
nearby....

Noise and stress also cause health problems. Cases
of what has been called’mass hysteria’ have occurred in
Singapore, Malaysia and the US. Workers using micro-
scopes complain they have seen ghosts or evil spirits.
One or more start screaming and the whole workforce
goes into uproar. One researcher has suggested that
evidence points to these outbreaks being related to the
lack of union organization or of any ways of making
complaints.

Unions

The electronics industry is relatively new and in most
countries few of its workers are unionized. Indeed, firms
and governments often actively oppose unionization.

US electronics firms offer training and advice in anti-
union tactics to managers of multinationals operatingin
Asia. The US government has set up an Asian American
Free Labour Institute (AAFLI) which is linked to govern-
ment controlled and company unions. The vast majorit
of their funding (94% by one report) comes from the U
Agency for International Development (USAID). Accor-
ding to the authors of a recently published handbook
called Health Hazards In Electronics, the aim of the
AAFLI is to ‘help prevent or undermine any organized
labour activities which may threaten free enterprise ot
US business interests’.

The handbook lists the tactics which multinational
employers use to discourage unionization. These include
rotating shifts to prevent workers’ groups from forming,
hiring and firing to weed out ‘trouble-makers’, the en-
couragement of individualism against cooperation and
the setting qu of toothless committees which give
workers the illusion of participation.

Intensive competition in the electronics industry
means employers are wholly concerned with produc-
tion figures. Health issues are attended to only when
workers raise them, and workers are not encouraged to
raise them. Published in Hong Kong, Health Hazards In
Electronics recommends that employees set up their
own health committees to monitorhazards. This is more
than most people in the West are prepared to do even
when they are aware of the dangers inherent in the elec-
tronics industry.

FEATURE: Danger

Since most electronics factories are not unionized,
there is often no-one to take up issues on the workers’
behalf. One organization involved in a wider hazards
campaign is the General, Municipal, Boilermakers and
Allied Trades Union (GMBATU), currently attempting to
get Repetitive Strain Injury (RS!) recognised as a legi-
timate industrial disease.

Such injury is common to a number of industries
where repetitive and awkward movements are required
from workers, Although not as dramatic as burns or
poisoning, RSI is a major hazard for many manual
workers in electronics manufacturing.

Electronics assembly work can be particularly risky,
although RS can affect typists, packers and briczlayers
aswell. One case recorded by the GMBATU involved an
assembly-line worker in a Scottish electronics factory
whose repeated ?ripping and wrist movements resulted
in Carpal Tunnel Syndrome — loss of movement and
feeling in the hand caused by swelling in the channel in
the wrist through which nerves and tendons pass from
arm to hand. An operation on both wrists relieved some
of the pain but the disability persists and the woman is
still unable to work.

Her case was taken up by the GMBATU and she was
awarded £1,500 by the Appeal Court in Scotland to
cover pain and injury and a further £2,100 for loss of
earnings. She may never work again, but she may have
helped to get the problem of hazards in the electronic
industry recognised.

‘Occupational Medicine: State Of The Art Reviews’,
vol. 1, no. 1, The Microelectronics Industry, ed. Joseph
LaDou. (Available from Hanley and Belfus, 210 South
13th Street, Philadelphia, Pennsylvania 19107, USA).

‘Health Hazards In Electronics: A Handbook,’
Thomas H. Gassert. (Asia Monitor Resource Centre, 444
Nathan Road, 8/B Kowloon, Hong Kong).

lllustrations from "Health Hazards In Electronics’.
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FEATURE

FIBRE OPTICS
AND LASERS

Roger Bond completes this series of articles with an examination
of the ways in which fibre optics and lasers are used.

surgery, communications and entertainment. In

= many cases, the power and precision of the laser

give considerable improvements over alternative

techniques, whilst in others the benefits are mainly

economic. The following examples are by no means

exhaustive, buttheywillgiveanindication of the present
applications and future potential of laser technology.

I- asers have found applicationsin areas as diverse as

Communications

Until recently, the electronic signals required for
telephony, television, data and other services were car-
ried either as radiated electromagnetic waves through
theairorthrough cables. Then, in tEe early 1970s, agreat
deal of effort was put into developing low-loss optical
fibres which could be used in place of copper wires for
communications purposes.

The advantages offered by optical fibres are con-
siderable. Optical signals are immune from electrical

Cable type Application Repeater Bandwidth
Spacing (Channels)
0.63 mm PCM 2000 yds (24 or 30)
0.63 mm audio — 4 kHz (1)
Coaxial 1.2/4.4mm* FDM 4 km 4 MHz (900)
Coaxial 1.2/4.4mm* FDM 2 km 12 MHz (2700)
Coaxial 2.6/9.5mm* FDM 9.7km 4 MHz (900)
Coaxial 2.6/9.5mm* FDM 4.5km 12 MHz (2700)

PCM = pulse code modulation
FDM = freugency division multiplex
* figures are diameters of inner and outer conductors respectively.

Table 1 The types of cable used on the existing inland
network.

interference and the fibres do not rust as copper does.
Thislatterfeature is extremely useful since underground
cables often get wringing wetin astorm. Thereis also the
advantage of wide bandwidth.

Optical fibre is also cheap compared to copper wire,
the price of which depends on world copper prices.
Since optical fibre is light in wei ht compared to copper
wire, it is easier to pull through ducts and transport from
factory to site. It is also thinner and therefore occupies
less duct space. In cities where there are so many
underground services — gas, electricity, drains, transport,
etc — any saving in srace is welcome,

The use of optical fibres in communications can be
divided into two broad categories, inland systems and
intercontinental (submarine cable) systems.,
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Fig. 1 The response
of a typical optical
fibre.

FIBRE LOSS (dB/kmi}

0.8 12 1.6 2
WAVELENGTH (um)

Inland Systems

Table 1 shows the make up of the inland network in
this country, the volumes of traffic carried and the t}lpes
of carrier. Table 2 shows the probable structure of the
digital network in the future. Although the higher bit
rates are carried by monomode fibre operating at 140

Mbit/s, the multimode fibre is useful for the lower bit
rates since the fibre is generally easier to use and join.

A field trial of the first optical fibre system in the UK
took place between Stevenage and Hitchin from 1977
to 1980. The cable consisted of four copper wires to
carry direct current to the regenerators amfth ree fibres
for communications. A central steelmemberwas usedto

ivethe cable strengthand the whole cable was nomore
than 7mm in diameter. From Hitchin to Stevenage is a
distance of 9km and there were two intermediate
repeaters spaced at 3km. The system carried
140Mbit/s.

Intercontinental Systems

Before installing long lengths of optical fibre to span
the oceans, it is as well to examine the frequency
response of a fibre with a view to determining at which

Fibre types Bitrate Regenerator Wavelength No. of Speech
(Mbit/s) Spacing (km) (um) channels
Multimode 2 10 0.85-0,95 30
Multimode 8 10 0.85-0.95 120
Monomode 34 30 13,15 480
Monomode 140 30 13,15 1920

inland traffic in the future.

" Table 2 The types of fibre optic link likely to be used for ,
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frequencies the loss is minimum. It is normal to speak in
terms of wavelength rather than frequency when dealing
with optical fibre since at these high frequencies the
wavelength is small enough to be associated with the
fibre dimensions.

Figure 1 shows the response of optical fibre to dif-
ferent wavelengths and it can be seen that the lowest
losses are achieved at 1.3um and 1.55um. By operating
monomode at 1.3um, the resulting loss is so low that
regenerators willonly be requiredatintervals of 30km or
more. Compare this with the performance of coaxial
cable where, as Tables 1 and 2 show, even the larger
diameter tyre requires repeaters every 4.5km.

The world's first international optical fibre system is
presently being installed. Called UK-Belgium 5, it will
run between the UK and Belgiumand cost£7.25 million.
Over the 122km distance there will be three inter-
mediate repeaters ataspacing of 30km. It will operateat
1.3um monomode and each fibre pair will car
280Mbit/s. Therefore the total of three fibre pairs will
offer about 12,000 circuits.

Another cable that is currently planned for 1988 is
the TransAtlantic No. 8 (TAT8) costing about £250

Fig. 2 The branching P
arrangement on the 7 /P&\
TATS cable showing ) TR 4
the provision of spare g £
fibre optic links. ”s“‘('s'prn';,"—‘c’ ra
T &
NI

million. It will be 6600km long and run from the USA to
the UK and France. Existing submarine cables land in
one country before proceedingtoanother, but TAT8 will
have a branchingunit off the European continental shelf.
Three fibre pairs will run from the USA to the branching
unit. From the branching unit, two pairs willgo tothe UK
and two to France. In normal operation A would be con-
E(;.:c):ted to D and C to G. The others will be spare (B,

In case of failure of one of the American cables, B
would beareplacementorin case of the Eurpean ends, E
orFcouldbe used. The UKand France could also be con-
nected via E and F if necessary, and the total capacity of
TAT8 wil be about 8,000 circuits.

Medical Applications

Communications aside, one of the most important
fields in which lasers and fibre optics have been used is
medicine. The hair-like strands of a fibre system can be
inserted into the stomach or lungs of a patient without
too much discomfort and allow more detailed internal
examination than was previously possible. Light can be
carried on fibres to illuminate the area to be examined
while other fibres carry back an image which can be pro-
jected onto a screen.

Lasers are used in eye surgery to ‘spot weld’ peeling
retinas. Referring to Fig. 3, ifthe retina tears, the vitreous
humour gets behind it and the pressure starts peeling
more of it off. This finally results in blindness.

To sgot ‘weld the retina back, the light must pass
through the front part of the eye without bein
absorbed. Formerly a xenon arc lamp was used, an

RETINA

IRIS

VITREOUS
HUMOUR

LENS

CORNEA

Fig. 3 A cross-section through the human eye.

because the eye had to be exposed to the light foralong
time, anaesthetic was required and the eye had to be
clamped. With lasers, 1 joule of energy for onIn300uS is
all that is required. This means that anaesthetic and
clamping are not required.

Naturally, this type of repair results in a blind area of
retina and a compromise must be reached between
keeping the blind area to a minimum and producing a
large enough weld to hold the retina in place. The scar
left by xenon arc lamp welding is around 800um long,
whereas that produced by a laser is only 50um or so.

Industrial Applications

Lasers are used in a wide range of welding, cuttin
and drilling operationsin industry. The precise controlo
position and energy which lasers offer makes them
ideal for delicate welding processes in the micro-
electronics industry, allowingonlyaverysmallareatobe
raised in temperature. The same advantages also make

LIGHT

OXYGEN

METAL SHEET

Fig. 4 Using a laser to cut metal.

lasers an attractive proposition for critical metal cutting
operations in the aircraft industry and elsewhere. The hot
swarf produced during cutting can be burnt away using
oxygen (Fig 4).

Metal drill bits can be used to produce holes as
smallas 250um diameter, but smallerdrill bits would not
be able to take the stress. Lasers can focus down to
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FEATURE : Lasers

Laser light travelling through a fibre
bundle, as demonstrated by former STC
Chairman and Chief Executive Sir
Kenneth Corfield.

10um, allowing holes of this size tobe
made quite easily. The watch indus-
try in particular uses neodynium lasers
for drilling holes in ruby jewels.

Opticalfibres are also widelyused
in industry. Signals transmitted along
optical fibres are not generally affec-
ted by external electromagneticfields,
so they're immune to electromag-
netic interference. This make optical
fibres very useful for control and
other applications in electrically
noisy environments,

Thereis one respectin which light
transmitted -along optical fibres will
be affected by external fields, and
that is in terms of polarisation. The
plane of polarisation of a light beam
will be twisted in the presence of a
strong magnetic field (the Faraday Effect), the deﬁree of
twisting being proportional tothe length of the light path
through the field and the strength of the field. Most
sensors used with optical fibres will not detect changes
in polarisation and are thereforeimmuneto such effects,
but there applications in which is desirable to know the
strength of an incident field, and sensors which register
changes in polarisation can be used to detemine this. An
example is the use of optical fibre wrapped around a
high voltage bus-bar to measure current. Using this
technique, itis possibletoavoid the risks associated with
using metal cables.

At Home And Beyond

Fibre optics first came to the attention of the general
public in the form of small plastic vases in which mush-
room bundles of fibres were illuminated with coloured
Ii%ht. These simple domestic ornaments have longsince
fallen from favour, but laser and fibre optic technologies
have continued to find applications in the home and in
the field of entertainment. Among the most notable
recent developments has been the compact disc system,
which users a laser to read a series of minute pits on the

surface of the disc. Other examples include the use of

laser holograms in discotheques and some have sugges-
ted the use of laser holography as the basis of a three-
dimensional television system in the future.

In the office, too, lasers have provided new solutions
to old problems. The accuracy they offer is used to good
effect in laser printers. These use a laser to control a ton-
ing process not unlike that used in photocopiers, offer-
ing the high print quality associated with golf-ball and
daisywheel systems coupled with the speed and ver-
satility of dot-matrix and thermal print systems. As we
reportedinarecent News Digestarticle, the versatility of
the system is such that it can cope with the large print
and special type faces used by partially sighted people
as well as more common print styles,

Inyet widerfields, lasers can be used to check forthe
presence of various substances in the atmosphere.
There is widespread concern that the accumulation of
freon from aerosol cans will eventually deplete the
ozone layer and allow harmful ultra-violet radiation
through. By shining a laser of the appropriate wavelength
through the atmosphere and measuring the absorption,
the extent of the damage can be assessed. ETI
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Mike Barwise bégins a series of short articles on the

considerations and concepts underlying the design of intelligent
peripherals with some ruminations on the nature of the printer

buffer.

he aim of this series is to suggest to the reader a
Tmode of thought necessary for successful systems

design, and in passing to introduce some of the less
familiar standard mechanisms of digital logic control
and data handlin%‘

| must stress that | am presenting a personal view-
point throughout There are almost limitless ways of
implementing practically any medium complexity logic
problem, and almost all of them have been used %)y
someone already. The more you learn, the more you
realise how difficult it is to be really innovative.

Except in Silicon Valley (where innovation per se
seems more important than utility these days), it is
usually much better for the end user to have a simple,
obvious, reliable solution to their problem than a whiz-
kid gadget whichisimpossibleto debugwheninevitably
it crashes.

There are almost limitless ways of
implementing any medium
complexity logic problem, and
almost all of them have been used
by someone already....

Thefirst peripheral | want todiscuss is the printer buf-
fer. Incidentally, there are dozens of otheruses forthese
buffers. The main variation between implementations
will be in their port design and speed capabilities.

Basic Principles

Buffers generally work on the principle of a store of
data bytes which can be read out sequentially in the
same order they were written in. This mechanism is
called a FIFO (First In First Out) memory.

There are many different types of FIFO, implemen-
ted in both hardware and software. Hardware FIFOs vary
in size between 16 bytes and several Megabytes, and in
speed between about 30ns and 2ms per read or write
operation (30MHz to 500kHz operation).

They are also sub-divided by protocol. The main
variants are SYNCHRONOUS, where reading and writ-
ing are performed under the control of acommon clock
and the data bus may be shared; SEMI-SYNCHRONOUS,
where read and write requests may be madeat any time,
butareinternallyarbitratedand synchronized within the
FIFO to a common clock , and ASYNCHRONOUS,
where data may be freely written to and read from the
FIFO at different rates or even at random intervals

30

without conflict, so long as the FIFO is never emptg or
full. This last asynchronous FIFO is inevitably a dual
port device.
Different buffer applications will require different
modes of FIFO operation, so itis importantto beable to
" analysethe jobin hand and choose the best type of FIFO
for it. Large hardware FIFOs get very expensive, even at
guite low speeds. Software solutions are usually used for
ata rates lower than 500 Kbytes per second, par-
ticularly when buffer sizes greater than 256 bytes are
needed — so, let’s talk software.

The Printer Buffer

What do we demand of a printer buffer The primary
aim is to release the host micro from the task of driving
the print stream sooner than is possible at the real print-
ing speed of the mechanical hardware. We are more
interested in keeping the micro transfer (write) speed as
high as possible than in keeping the already very slow

printer working at maximum speed.
Most practical solutions turn out to be smali stand-

alone microsystems, consistinf%ofaCPU, program ROM,
RAM for scratchpad and bufter storage, and suitable
input and output ports for the host micro/word pro-
cessor and printer. Logic could be used instead of a

The ETI printer buffer from july, 1985.
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micro, in view of the relative simplicity of most of the
control programs, but the design effort is probably not
merited at the low speeds demanded of a printer
buffer.

Most printers can work at a maximum of about 150
characters per second, and host transfer rates greater
than eight to ten times this are unlikely to be required
except under the most arduous of conditions, when you
are not well advised to use a home micro anyway.

The immediately obvious answer is to load a very
large buffer from the host in a single high speed burst
transfer, and then release the hostand letthe buffertake
over the task of supplying data and control signals to the
printer hardware until it is completely empty again.

This type of alternate load/unload buffer consists of
anarray starting fromafixed base, intowhich the buffer's
micro loads characters presented by the host until either
the array is full or the file transfer is complete. A chosen
signal — a control code, for example — is used to indi-
cate end of file.

Thebuffer's microthenresets thearrayand sends the
characers one-by-one to the printer. Either the terminal
count reached by the loading operation or the control
character (appended to the file during the store mode),
is used during output to indicate when all valid charac-
ters have been sent. This is the principle used by BASIC
for its DATA statements.

Suchanimplementation is fine for word processing if
your buffer is guaranteed to be larger than your maxi-
mum documentsize, butif youare spoolingintermittent
output from a pro%ram (for example, the results of
calculations) you will have problems as soon as the buf-
feris full. The host must then be flagged to stop sending,

FEATURE

and is held up until the buffer has been completely
emptied again. So, there s practically no bufferingaction
unless output from the host is continuous, and the total
data volume is less than the buffer size.

A solution to this hang-up is to use a small bufferand
let the buffer's micro interruptthe hostwhen it is empty,
allowing the host to proceed with other tasks in the
interim and placing on the buffer the requirement to
request data. This needs more than the ideal minimum
of buffer support code to reside in the host, and also
raises problems of scheduling to avoid data losses, even
supposingthe host can find somethingusefultodowhile
waiting for buffer access.

We are more interested in keeping
the micro transfer speed as high as
possible than in keeping the
already very slow printer working at
maximum speed....

Analternative design, which is much better, although
itneedsalittle more thought inimplementation, is abuf-
fer which can alternate according to demand between
read and write operations on a byte-to-byte basis, keep-
ing track of free space and using it as needed. The
absolute size of the buffer RAM then has less effect on
performance, and you can happily keep sending datato
the buffer all day long without hanging the host micro up
more than very occasionally.

Next month, we'll move on to a consideration of just
such a buffer — the software semi-synchronous FIFO.
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Jeff Macaulay sets out to prove that thermionic emission isn’t

simply a load of hot air.

espite twenty - odd years
D of solid state audio

development there are still
many audio enthusiasts who swear
that valve equipment is better. At
first sight these beliefs may seem a
little eccentric; after all, modern
semiconductor equipment boasts
specifications which, at least on
paper, far exceed those obtained
with valves. In addition, valves
require high voltages and a
separate supply for the heaters,
Another problem is that the parts
can be difficult to obtain
nowadays.

On the plus side, valves are
approximately ten times more
linear than transistors and are
simple to design around.
Furthermore the large signal
swings available make it far easier
to obtain high overload margins
and low distortion at the same
time without overall negative
feedback. These features make the
valve ideally suited to preamplifier
designs.

The design to be described
here is a stereo preamplifier which
has an R1AA-equalised input for
disc and un-equalised or ‘flat’
inputs for tuner, tape, compact
disc, etc. Three double-triode
valves are used giving a total of six
active devices, three in each
channel.

Figure 1 shows the complete
circuit diagram of one channel of
the preamp. One of the double
triodes, V1 is used to provide RIAA
e(}ualisation. The pickup cartridge
is fed directly into the grid of the
lower triode which is held at
ground potential by R3. This
component also defines the input
impedance to the required value
of 47k

The triode acts as an input
voltage to anode current
converter, a transconductance
amplifier. The anode is held ata

32

constant DC level of about 100V
by the cathode of the second
triode, V1a, which acts as a
capacitance multiplier for C1. R1
and R2 provide grid bias whilst C1
;i\gcoup es the grid to ground at
As the second triode is in
series with the first it follows that
the anode current flows through
both valves. One of the
advantages of the cascode
configuration is that the output
impedance is extremely high,
several tens of megohms in fact. As
this is so, it follows that the output
voltage generated across the load
network is-directlz groportional to
the impedance of the network.

In this case the anode load is
the network consisting of R4, R5,
C2 and C3. At low frequencies,
below 50Hz, R5 defines the gain
at about 50. Above 50Hz the
response rolls off at 6dB per
octave until a plateau is reached at
about 500Hz. This is due to the
shunting effect of the series
combination of C3 and R4. From
500Hz the response is flat until
2160Hz where it is 3dB down due

to the impedance of C2. This
component ensures that the

response continues to fall at 6dB
per octave indefinitely, thus

producing the standard EQ.
As was mentioned earlier, the

{ outputimpedance at the anode is

very high so the impedance ‘seen’
by the following stage is equal to
the impedance of the network at

| any given frequency. This never

exceeds 33k, so feedingittoa
second stage with an input
impedance of 1MO won't upset
the equalisation.

Having discussed the EQ stage
we can now turn our attention to
the second stage of the preamp
based around V2. One of the main
disadvantages of valves when
compared to their solid-state
counterparts is their high output
impedance. In order to match the
preamp to ancillary equipment a
reasonably low impedance drive is
required.

The obvious answer is to use a
matching transformer but these
are ex?ensive and also, unless very
carefully designed, are prone to
treble loss as well. The solution
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Fig.1 Circuit diagram of one channel of the valve preamplifier.

used here is to'dump’ some of our
available gain to provide a lowish
output impedance.

_Refering again to Fig. 1, V2 is
half a double triode, the other half
being used for the other channel.
The valve is used in standard
common cathode mode. Input
si%\als are fed into the grid which
is biased to ground by RV1. The
value of this component defines
the input impedance of this stage.
R9 provides cathode bias and a
little negative feedback. The
output appears across R8.

he gain of the stage is about
40 which is more than is required,
so to provide a lower output
impedance the signal is fed via C5
to R10. As the valve is capable of
providing 10V RMS a 40dB
overload ratio is obtained from
disc.

R13 and R14 form an

attenuator for high level inputs
and the values are chosen with CD
players in mind. The otherinput is
designed for use with tuners and
the sensitivity here is 50mV for
500mV output.

The Power Supply

The main problem associated
with HT power supplies for circuits
suchlas _thislone is the reduction of
su ripple. /

p\?vi){h gglid state audio
equigment one can rely on overall
feedback to reduce ripple voltages
at the output. This is not the case
here, so the key to getting a good
sound is the quality of the power
supply.

It is often said that amplifiers
simply act like a kind of magnifying
glass enlarging an already present
signal. Nothing could be further
from the trutht An amplifier, any

BUYLINES

amplifier, manufactures an
enlarged copy of the signal
gresented at its input. It does this
y modulating an external power
source, the power supply. No
matter how good the signal path
may be, if the power supply
misbehaves you will have a bad-
sounding piece of equipment.

In the present case the valves
are operated in class A. That is to
say that current consumption
doesn’t alter with varying input
levels. To provide proper
operation a low impedance output
supply is required. In particular
the impedance seen by the circuit
between HT and ground must be
as small as possible. To this end,
the HT winding on T1 is centre-
tapped and is full- wave rectified
by D1 and D2. if | were a valve
freak, which I’'m not, | might use an
EZ80 here. The IN4007’s do the

Complete kits for this project (less
case) will be available from Bewbush
Audio, 47b Elmer road, Middleton-on-
sea, Near Bognor Regis, Sussex PO22
{ 6DZ The price is £49.99 inclusive of
1 VAT and postage. Those who prefer to
find their own components should be
able to obtain most of the parts
without difficulty, but the mains
transformer poses a problem. RS
| Components stock a transformer

which supplies the correct voltages
(order code 196-072) but it is rated to
supply much higher currents than are
needed in this project and in
consequence is quite expensive. RS
will only supply to trade and
professional customers, but most local
radio and electrical dealers will obtain
RS parts for you or you can order by
post through Crewe-Allan & Company
of 51 Scrutton Street, London EC2 or

Trilogic, 29 Holm Lane, Bradford BD4
O0QA. The alternative is to wind your
own transformers.The only other
components which may not be too
widely available are the valves, and
these can be obtained fom
Cricklewood (see advertisement in this
issue) or Marco Trading, The Maltings,
High Street, Wem, Shropshire SY4-
SEN, tel 0930 - 32763.

ET1 AUGUST 1988



7 @© 8
I : FROM TUNER
ca w1 & INPUT
S E g
RS FROM AUX
FROMCO e INPUT
c3 INPU R113 ::r\?g”’c')
FROM AUX
B A INPUT ]
3 5 FROM TUNER LEFT
c2 3 INPUT CHANNEL
e i ¢ [T ® O i
R R0 RIGHT
2 7 CHANNEL
A OUTPUT
c1 ) R110
RE /; R108 AL
10
DISC INPUTS 2 cs
LEFT R3 S
\ A X
3 5 7
R103 R109
RIGHT ; $
viol v2 R8
R108) 5 1 RV1
102 5\ 8 %2
R104 RS
0 e 11
g1ed [1 o [] FROM R7/Q1
IN THE POWER
R105 FROM CENTRAL SUPPLY
EARTHING POINT
c104 FROM C6a
IN THE POWER
A SUPPLY
i Fig.2 Wiring of the components underneath the chassis.

same job at a fraction of the cost.

Primary smoothing of the raw
DC is done with C7B. R11 and
C7A smooth the ripple down to a
few millivolts. Final smoothing is
achieved with a gyrator circuit
comprising R12, é1, and C6B. R12
and C6B provide a very smooth
DC voltage to the base of Q1. The
latter component acts as an
emitter follower providing a very
I\(/)w output impedance supply for

2

R7 and C6A provide further
smoothing and hefty decoupling
for the input stage. Ripple voltages
here are miniscule, of the order of
a few microvolts.

Construction

Before assembling any part of
the preamplifier you will have to
decide what sort of case it is be
built in and how the valves are to
be mounted. The traditional
approach, of course, is to use a
case with a chassis in it and to
mount the valveholders through
the chassis. If this is your preferred
method, use Figs. 2 and 3 as a
guide and cut the holes for the
valveholders with a %" metal
punch.

An alternative approach is to
bolt the tagstrips and other
components through the floor of a
case in the usual way and to
mount the valveholders on stand-
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TOR1, R4,
R104, RS, R105,
c2,c102

TO R8/R108

TO VALVE
HEATERS

Fig.3 Wiring of the power supply.
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CENTRAL

EARTHING
POINT

6.3V

FROM T1
250V
oV
250V

off pillars. If you do this, make sure
the pillars are long enough to
prevent the valveholder pins
touching the case metalwork and
use either nylon pillars and/or
sleeved connections so that there
is no risk of a pin shorting to the
pillar. Bear in mind that the layouts
in Figs. 2 and 3 show the
underside of the valveholders and
that the connections will run in
reverse order if you are wiring
them from above.

As a final suggestion, a small

metal box could be used as a
chassis within a larger case. An
example of this can be seen in the
photograph. The boxes are of the
type designed to carry conduit and
wiring behidn wall switches, etc,
and have pre-punched metal holes
which are, conveniently, %" in
diameter. They may not be
particularly attractive but they
work as well as any other
mounting method.

When your chosen case or
chassis is ready, begin assembly by
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installing the valveholders and the
tag-strips. The tagstrips have to be
held above the chassis to avoid
shorting the contacts, and this is
best done either with small
spacers, or, if these are not to
hand, with a couple of nuts
between the tagstrip and the
chassis. Both the valve holders and
the tagstrips should be secured by
means of 6 BA screws and nuts.

Wiring up a circuit on tagstrip is
no more difficult than wiring up a
PCB. Start by assembling the
components onto the tagstrip, and
then solder them. Remember to
solder both ends of each
component and visually check as
you go that there are no dry joints.
When all the components are in
place, wire the links.

The easiest way to wire the
interconnections is as follows. First
wire the heaters as shown in Fig. 2.
Next wire the links between the
valveholder pins. Lastly connect
flying leads, about 4” long to the
remaining pins and connect the
other ends to their appropriate
terminations on the tagstrip. Valve
equipment is very forgiving about
wiring errors, and it is almost
impossible to damage the valves
by incorrect connection,
Nevertheless, if the illustrations and
these instructions are followed
there should be no errors anyway.

Figure 3 shows the layout and
interwiring of the power supply. A
seven-way piece of tagstrip is used
to mount most of the components.

PROJECT: Preamplifier

An internal view of the development prototype. We suggest you don’t follow
this layout too closely....

C6 and C7 are connected to earth
through their cans which are not
isolated. Q1 and R12 are mounted
on the tagstrip as are D1 and D2,
Note the orientation of these
components. The central earthing

- overt

SEMICONDUCTORS

PARTS LIST
RESISTORS (%W, 5% unless stated) VALVES
R1 820k V1,2, 101 ECCB1
R2 390k
R3, 13,103,113 47k MISCELLANEOUS
R4, 104 3k3 SwWi1 3-pole, 4-way
RS, 8,105, 108 33k 1WO0 rotary switch
R6, 9, 106, 109 330R Sw2 DPDT mains toggle
R7, 107 1k0 switch
R10, 12, 111 4k7 T 250-0-250V +
R11 4k7 2W5 6.3V/2A mains
wirewound transformer
R14, 114 10k
RV1, 101 1MO single-gang
potentiometer Chassis; B9A chassis-mounting valve-
holders, 3 off; double-row miniature
CAPACITORS tag strip, 1 off 18-way, 1 off 10-way and
a 470n 250V one off 7-way; capacitor clips for Cé
polyester and C7; Knobs, case and input/output
C2, 102 22n 250V polyester sockets as required; nuts, bolts, solder
3,4, 103, 104 100n 250V tags, spacers, etc.
polyester
C5,105 4u7 300V
electrolytic
C6,7 100+ 100u 320V
electrolytic Right channel component numbers are

left channel numbers plus 100. Note
that some components are common to

Q1 MPSA42 both channels and only one of each is
D1,2 IN4007 required (eg., R1, R11, C6, etc.).
ETI AUGUST 1988

point is a solder tag attached to
the chassis by a 4BA screw and
nut. For safety reasons a
shakeﬁroof washer should be used

e tag to ensure that this
cannot loosen with time. For the
same reason a plated screw should
be used here as the brass variety
tend to oxidise.

Having assembled the
preamplifier you should find it
operates first time. If not, an error
has been made in the wiring up
and this should be found and
rectified. ;

If an error is found switch the
equipment off and wait for at least
fifteen minutes for the HT circuit
to discharge. The HT lines have a
low output impedance and are
capable of delivering a nasty
shock. Never attempt to service
the unit with the mains connected.

Because of the high voltages
used the equipment must be
earthed. As often as not the power
amplifier will already be earthed
and in this case the preamplifier
will be automatically earthed

| when connected to the rest of the

system. In this eventuality earthing
the preamp as well will probably
cause a ‘hum loop’ with
consequent reproduction
problems. The answer here is not
to earth the preamp!
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INTELLIGENT CALL
METER

The trouble with most telephone call meters is that you have to
tell them so much - whether it's a local call or not, what time it is,
etc. Of course, says Chris Ranklin, a really intelligent call meter
would work all that out for itself....

fully-automatic device which

provides a continuous display
of the cost of a telephone call as it
progresses. It can handle both UK
and international calls, has a
memory which stores details of
the last 135 calls made, and
features a battery back-up to
protect the stored data in the
event of a power failure. It couples
into a standard British Telecom
telephone line using an opto-
isolator for safety and when not in
use provides a 24-hour clock
display.

The meter is connected in
parallel with the telephone line it
is monitoring, either by hard-
wiring or by means of a dual
adaptor which plugs into a
standard BT socket. When the
receiver is lifted and a number
dialled, the call meter analyses the
tones and voltages appearing on
the line to determine whether the
call is to a local, A, B, or B1
number. It also uses data from an
on-board clock and calendar to
select the appropriate charge rate.
The four-digit display then shows
the cost as the call proceeds up to
a total of £99.99 (which is unlikely
to be exceeded on one call!).

International calls are analysed
in much the same way but there is
the problem that many different
dialling tones are used around the
world. To overcome this, a button
is provided which can be used to
start the meter as soon as a call is
connected. The meter will then
assume international call charges
and use the clock and calendar
data to calculate and display the
appropriate rate.

When a call is completed, the
meter will store the final cost and

%

T he intelligent call meter is a

—_____WARNING!

This circuit does not have BT approval
and should therefore not be connected
to a BT telephone line. It can, of
| course, be used with private exchanges
or as the basis of a submission to BT
for approval.

the number dialled in its memory.
Up to 135 calls can be stored in
this way, the earlier entries being
dropped in favour of the newer
ones when the memory is full. By
Bressing a button, the meter can

e made to display the cumulative
cost of all the calls it has details of
in its memory, up to a total of

| £999.9, The charge rate

information which the meter uses
is itself held in RAM and can be
changed readily when BT change
their prices.

The Circuit

The call meter is designed
around a Z80 microprocessor. A
2716 EPROM stores the operating
software and a 6116 RAM holds
the variables (call charge data,
etc.) and stores details of calls
made. The 6116 has a battery
back-up which is trickle-charged
from the supply during normal
operation. This circuitry is
contained on one board along
with the four-digit liquid crystal
display and the display drivers.

The layout has been arranged so
that the display can be mounted

On 0.4 secs
Off 0.2 secs Tones are 1 volt 400 or 450 Hz
On 0.4 secs Modulated by 17, 25, or 50 Hz
Off 2.9 secs
Repeat
On 0.35 secs ¢q——— Tones 400 or 450 Hz
—P» Off 0.22
On 0.40 secs
Off 0.20 secs Any start
On 0.40 secs Position —
Off 2.0 secs
Repeat

Table 1 Dialling tones and times used on the public telephone network.

Line voltage

Dialling tone
Bandwidth

Ringing-in

Busy line

Number unobtainable
Pay tone

-50 volts with respect to earth

400 Hz or 450 Hz continuous

300 Hz to 3400 Hz

63 volts to 100 volts 17 Hz or 25 hz
400 Hz 1 volt, 750ms on 750ms off
400 Hz 1 voit continuous

400 Hz 1 volt, 125ms on 125ms off

Table 2 Telephone line signal conditions and voltage levels.
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current through IC7 to about 0.5mA.
The V2 output of IC7 is buffered by
IC6c and d, noise and interference

being removed by resistor R30 and
capacitor C17. This is connected to the

data 0 input on the port.

Diode D6 and resistor R25 pass any
positive voltage appearing on the line.
This occurs during ringing in and when
a local call is conected. The V1 output
is buffered by IC6b and connected to
the data 1 line. R28 and C16 remove

any interference.

1 Diode D2 and resistor R7 rectify and
limit the current through I1C2 to approx
1mA. The V1 output is connected to
IC3a which is an LM3900 amplifier
with a gain of two. The signal then goes
to 1C3b which is connected as a 400 Hz
bandpass filter. This is fed via C8 and
C9 to LM576 phase-locked-loops, ICs
4 and 5. The lock range is set by RV1
and RV2 for 400 and 450 Hz. The
output from these 567s is fed into the
diode gate formed by R22, D3, D4
{ and buffer 1C6a and then to the data 2
input on the port. )

When the phone is down on the
hook DO is at 0 volts; if the phone is
lifted DO goes to 5 voits. The telephone
handset pulses the line for 33ms with
66ms between each pulse during a

delay of 400ms between each number
dialled and this is called the interdigit
pause (see Table 3). This figure, in
1/50ths of a second, is stored at
memory location 0280 as 1B (hex).

On pulse 33ms
Off pulse 66ms
Interdigit pause 400ms min
Clear forward 700ms min
Seizure 50ms min

Table 3 Telephone handset pulses.

If the phone is replaced for 700ms
the line is cleared and you get a
dialling tone. This figure in 1/50ths of a
second is stored at memory location
026B and 036D as 23 (hex). When
local calls are connected a positive
voltage appears on the line. This is
called local reverse battery and D1
goes to 5 volts. This doesn’t happen on
calls to the operator so the machine
will not charge for them.

For long distance calls, the 567
phase-locked-loop detects the ringing
tone which has a minimum length of
400ms. The 567 will not respond
immediately due to turn on delay, so a
minimum figure of 280ms is stored at

8] -
25, d 1 . ~ W LeD3 ~Wieor
27
R24 1k0 LED4
22 g3 - R20
100k icéb b R23
o6 2 . ke k0 hor'
H ¢ A25 A 02
ot 0k 3
: g J ,
8 ,
-2 —-"r Ica ?&/(‘
5 D 5 c9 6
o 7 100n
- 7 1 2
2 ¢lo L"ch_:’ cia
u 4u?
o2 || RTYT T
, 5 %"L%“;‘L -Lc15
u L +
T 7 TP :T 470n
47k i 6
ic2
3] ' : 2 Ics RV2
8 5 QWk
1C3b 9 00n
r ]
D4
. A NMI
R17 R18 R19
k0 1k0 1k0
NDTE:
iC1=7805
1C2,7 = HCPL2730
IC3 = LM3900
1C4,5 = NES67
IC6 = 40106
= +6V
5 A1 Ry D25 INs1s
2 6=
H L ok B4 LED14 = RED LEDs
(é’ D4 D3 BR1 = 1A BRIDGE RECTIFIER
<
HH zw'}ER I EN%RY/EXIT
Q L
e i i ]
, v
Fig. 1 Circuit diagram of the call meter interface board.
Diode D5 and resistor R24 limit the dialling operation. There is a minimum memory  location  0383.  Any

interference or noise of shorter
duration than this will not be regarded
as a ringing tone and will be ignored.
The maximum no ring time is 2
seconds + 0.22 seconds + turmn on
delay: a figure of 2.4 secs is used. See
Table 1 for dialling tones and time
lengths. A greater time than 2.4
seconds means either the phone is
down or the call is through. If DO is
high and the ringing has stopped the
call has been answered. If DO is low
the phone is down.

When the phone is ringing-in, DO
goes to 5 volts and D1 goes to 5 volts
(see Fig.2 for ringing-in waveform and
trip point). The software between 0253
and 0263 recognises this as ringing-in
and ignores it.

TRIP POINT FOR DO

TRIP POINT FOR D1

__\____3. _____
\ ~0 VOLTS\/
+5 VOLTS s
Fig. 2 Ringing-in waveform and
trip points.
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Fig. 3 Circuit diagram of the main board of the call meter.

'HOW IT WORKS - MAIN BOARD
!

On power up C19 and R37 reset the PIN 18 20 21

Z80 to memory location 0000. 1C9d is

connected as a 2.6 MHz low power

oscillator, and 1C9e bufiers this to the Mreq Att Vcc

Z80 clock. The actual clock frequency L L H Dout Read

is not critical as all timings are taken 2716 L H H HighZ Off

from the 50Hz mains. 1C2 on the H X H Highz Off

interface board detects the 50Hz sine

wave on the transformer secondary -

and converts it to a square wave. This is InvA11+ Mreq  Gnd wr

fed to 1094, then to IC9b and ¢ which 6116 L L H Dout  Read
| are connected in parallel for extra L L L Din Write

drive. The square wave is fed to the H X X HighZ Off

NMI of the Z80 as an interrupt every
1 1/50th of a second. This is also fed to

Table 4 Details of the memory addressing.
the LCD backplane and phase of the

1 driver chips (ICs 15 to 18) for update
and display purposes.

The memory is kept as simple as
possible as can be seen from the
| circuit diagram. The 2716 ROM IC12 is
enabled by A11 (low) plus Mreq (low)
1 in the range 000 to 7FF plus. This chip

holds the software program.

The 6116 RAM IC13 is enabled by
A11 (high) plus Mreq (low). This is
done by 1C11a and b for the range 800
to FFF. During normal use power is fed
via diode D7 to IC13 pin 24. Diode D8
and resistor R39 trickle charge the

battery. During power down, battery
B1 provides power via diode D9 with
diode D7 blocking power to the rest of
the dircuit.

The input port consists of a 4503 tri-
state hex buffer (1C8) which is enabled
by 10RQ plus A4 (IC110). 1
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PROJECT: Call Meter

directlg onto the board and
viewed through a cut-out in the
case.

A second board mounts below
the first one in the case and carries
the remainder of the circuitry
(with the exception of the mains
transformer, etc). Two HCPL2730
opto-isolators are used, these
devices having specifications
which meet BT requirements (BT
spec. D5002). One of the opto-
isolators connects to the
telephone line while the other
derives a 50Hz signal from the
mains via the transformer
secondary. Although a 2.6 MHz
oscillator is contained on the main
board, all timings are taken from
this signal which provides a regular
1/50th of a second interrupt to the
microprocessor. All delays and
timed intervals are set-up in the
software as multiples of 1/50th of
a second and the internal clock
and 7-day calendar are also
§enerated in software directly
rom this signal.

Also contained on the opto-
isolator board are a regulated
power supply and two phase-
locked-loops. The PSU uses a

standard 5V IC regulator and
supplies both boards. The two
phase-locked-loops take the
output from the telephone line via
one of the opto-isolators and
detect the 400Hz and 450Hz
ringing tones which indicate long-
distance calls.

In use, the output from the
opto-isolator goes high when the
receiver is lifted. There is then a
short delay to allow for the
resEonse time of the phase-
locked-loops and to ensure that
any short duration noise or
interference on the line is ignored.
At the end of this period the
software interrogates the data
lines to determine whether the
call being made is to a local or a
long distance number. The output
from the phase-locked-loops goes
hiﬁh to indicate long distance calls
while the output of the opto-
isolator goes high when a positive
voltage appears across the
telephone line. This occurs only on
local calls. This voltage will not be
present during calls to the
operator so the meter will not
charge for them,

The meter will not count-up

charge while the line is rinilng, As
soon as the ringing stops, the
software institutes a short delay
before checking the line again. If
the ringing has then resumed, the
pause was probably just the
normal gap between successive
ringing tones. If the ringing is still
absent at the end of the delay, the
phone has either been put back
on the hook or the receiver at the
other end has been lifted and the
call is through. The output from
the opto-isolator will have
returned to OV if the receiver has
been replaced, so if this line is still
high it indicates that the call is
through. The meter will then check
the time at which the call is
established, determine a charge-
rate and begin counting-up the
cost of the call.

When a call is received, both the
opto-isolator and the phase-
locked-loop outputs will be high
during the ringing period. The
software will recognise this as an
incoming call and will not display a
charge. When the ‘phone is not in
use at all, the system will revert to
displaying 24-hour time.

ETI

To be continued.
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LED DISPLAY DIGITAL
ELECTRONIC CLOCK MODULE
Electronic clock module with MOS LS circuit, 4-digit 0.5”
LED display. power supply and other components on asingle
PCB. Only needs a transformar and switches to construct a
complete pretested digital clock/imer for many applications.
Suitable for 50 or 80 Hz mains supplies. Direct (non-multi-
plexed) LED drive eliminates RF interference.
Supplied complete with 240v mains transformer and wirir;g
diagram/data. Order as SOL 144 Alarm Clock Module £8.

LIQUID CRYSTAL DISPLAY WATCH MODULE
With LCD display, 2 pieces of Polarising material, backlight
diffuser, micro lamp, precision crystal, trimmer, battery con-
tacts and open microcirtuit. Untested ............. 5 for £1
PLESSEY MAINS INTERFERENCE SUPPRESSORS
Filter unit for mains borne interference. Max current 1.5A. Our
Price, brand new ..........ceeeiiiiiiin -

Same item. store soiled
Similar Unit but 10A. Brand new
10W POWER AMPLIFIER MODULE
Mullard LP1173 Amplifier module. Needs 24v DC Supply to
give 10 watts into 4 ochm speaker. Size 112x70x29mm. Com-
plete with heat sink ........ Only £2.40 complete with Data
ALPS FF317U FM FRONT END
Beautiful precision made High Quality variable capacitor
tuned FM Front End with Dual-gate MosFet. Covers full FM
range of 87 to 109MHz. 12v supply ........... ONLY £8.90

Circuit if required 35p

CAR RADIO FM IF AND STEREO DECODER

- il K ” ' 5] €5

Miniature PCB with 10.7MHz ceramic filters, 2-transformer
ratio detector. AX010 noise suppression IC and TCA4500A
. advanced stereo decoder IC. Only needs front end to make
FM tuner or car radio. Complete with circuit incredible z:h;g

HART ELECTRONICS are specialist producers of kits for
designs by JOHN LINSLEY-HOOD. All kits are APPROVED

,by the designer.

LINSLEY-HOOD CASSETTE RECORDER CIRCUITS

e - AT -

AR i B
Complete record and replay circuits for very high quality low
noise stereo cassatte recorder. Circuits are optimised for our
HS16 Super Quality Sendust Atloy Head. Switched bias and
equalisation to cater for chrome and ferric tapes. Very easy to
assemble on plug-in PCBs. Complete with full instructions.

Complete Stereo Record/Play Kit
VUMeterstosuit ............
Reprints of original Articles ..
860X Stereo Mic Amptifier . ...

LINSLEY HOOD 300 SERIES AMPLIFIER KITS

Superb integrated amplifier kits derived from John Linsley-
Hoods articles in 'Hifi News’. )
Ultra easy assembly and set-up with sound quality to please
the most discerning listener.-ideal basis for any domestic
sound system if quality matters to you. Buy the kit complete
and save pounds off the individuat component price.

K300-35. 35 Watt. Discount price for Complete Kit . £98.79
K300-45. 45 Watt. Discount price for Complete Kit £102.38
RLH4&5. Reprints of Original Articles from ‘Hi-Fi News'
£1.05 no VAT

LINSLEY-HOOD SYNCHRODYNE AM RECEIVER
Very high quality kit for this recent design featuredin ‘Wireless
World'. This unit represents the first attempt to make a much
needed HIGH QUALITY AM Tuner since pre-FM days. This
will give you Radio 4, or even 1 in better quality than your
Eastern ‘Tranny'. Advanced construction system, approved
by the Author, uses 3 double sided PCBa in a stacked layout
for total stability, ease of construction and minimal wiring.
This module will form the AM section of an ultra high quality
AM/FM switched bandwidth tuner to match our series
amplifiers. Power supply and tuning gang will be included
with the FM section.

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

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

f=1 X

Do r tapes lack treble? A worn head could be the problem.
Fitting one of our replacemant heads could restore perform-
ance to better than new! Standard mountings make fitting
easy and our TC1 Test Cassette helps you set the azimuth
spot-on. We are the actual importers which means you get the
benefit of lower prices for prime parts. Compare us with other
suppliers and see! The following is a list of our most popular
heads, all are suitable for use on Dolby machines and are ex-

stock.
HC20 Permalioy Stereo Head. This is the standard head fitted
as original equipment on mostdecks ................ £5.11
HB16 Ser t Alloy Head. The best head we can find.
Longer life than Permalloy, higher output than Ferrite, fan-
tastic frequency response . ................c.oveuenean £9.91
HQSS51 4-Track Head for auto-reverse or quadrophonic use.
Full specification record and playback head.......... £9.73
Ptease consult our list for technical data on these and other
Special Purpose Heads.
MA431 Latest version Double Mono (2/2) Record/Play head.
Replaces R484. ...............covniiiiiniiaininann £8.
SM188 Standard Mounting 2/2 Erase head. Compatible with -
above or HQ551 4-Track Head ...................... £5.90
H524 Standard Ersse Head. Semi double gap, high effici-
BNCY ot o .oceernreeiuree et s o aaeans sy £1.50
H581 Metal Tape Erase Head. Full doubie gap... ... .. £4.90

HART TRIPLE-PURPOSE TEST
CASSETTE TC1

One inexpensive test cassette enables you to set up VU level,
head azimuth and tape speed. invaluable when fitting new
heads. Only £4.88 plus VAT and 50p postage

Tape Head De-magnetiser. Handy size mains operated unit
prevents build up of residual head magnetisation causing
noiseon playback ... £4.54

Curved Pole Type for inaccessible heads ............ £4.85
Send for your free copy of our LISTS. Overseas please send 2
IRCs to cover surfae Post or 5 IRCs for Airmail.

Plense ackd pwrt cost of post, p and [
INLAND OVERSEAS

Orders up to £10 - 50p
Orders £10 to £49 - £1
Orders over £50 - £1.50

Please send sufficient to cover
Surface or Air Post as

Personal callers are always very weicome but
“, please note that we are closed all day Saturday

24hr SALES LINE
(0691) 652894

ALL PRICES EXCLUDE VAT
UNLESS STATED

required.
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Universal Semiconductor Devices Ltd. ah
o oot e o, Amplifier Modules
Hommsey, London N4 4EP, England.
Tok 348 9420/9425° Thc 25157 usdco g
Woe offer one of the largest ranges of semiconductors at highly economical The most soPhiSticated and highly
prices. The following semiconductor types are avalilable from stock. If we protected modules available today.
don’t stock what you need then we can get it fast from our facilities in West
Germany and USA upon request. MODULE POWER/LOAD PRICE
TRANSISTORS — Bipolars — Germanium and Silicon CE608 - 60W 8Q £23.00 Bi-Polar
] CE1004 100W4Q  £27.00 Bi-Polar
Darlingtons — all shapes and sizes CE1008 100W 8Q £28.90 Bi-Polar
~ VHF/UHF devices — all shapes and sizes CE1704 170W 4Q £38.50 Bi-Polar
CE1708 170W 8Q £38.50 Bi-Polar
FETS — Powe Mosiets _@ ‘@ CE3004 300W4Q  £49.00 Bi-Polar
FE908 120W 8Q £34.50 MOSFET
DIODES — Germanium and Silicon FE1704 220W 4Q £59.50 MOSFET
Rectifiers and Bridges : FET3 450W 4Q £74.50 MOSFET
(L)g[t)o-sflec“tromc devices \‘\‘\ CPR 2 Stereo Preamp  £47.95
8ot all shapes'andisizes > ! REG 2 +/—12v Supply £17.50
THYRISTORS and TRIACS — All gy, 0
283 ratings Prices include P+P VAT. All modules are guaranteed for 2
_@"’ years. For more information on these modules and our other
products please write ((s.a.e.) or phone.
INTEGRATED CIRCUITS: Consumer — Digital/Analogue
Microprocessors and Peripherals
! jeisocken CRIMSON ELEKTRIK Agents:—
.IAPANESE cow_oums - Vast range of discrete’s and consumer IC’s STOKE BRADLEY—MARSHALL
pgp p,:,,,,p — £90.00 incl. VAT & pap. SDUSHATRE 215 0l EVATE PHOENIX WORKS 382-386 EDGEWARE RD.
Mail order customers: Please send for our {SYSTEM A A:‘vainiable 500 KING ST. 7 LONDON.
! comprehensive price list, enclosing £1.00in m:g}'f‘;‘,i‘f},?f £90, amp LONGTON
sc‘::"s eHggebpostaloren: NS A STOKE—ON—TRENT ~ WILMSLOW AUDIO
,,,u,,'gg":;gg,g;' .?'J’"‘!’"‘c‘,m,’f‘,‘“?"",é?x"‘d" "“""‘,‘,:"é:":{;‘,’;' STAFFS 35-33 CHURCH ST.
St e e SeeRae 5 Shom oo TSP dnccuns an CHESHIRE.
Please enquire for quantity discounts. TEL'(°782) 330520 CHESHIRE.
WE WELCOME TELEPHONE AND TELEX ENQUIRIES!

FETRLIET U At st A

MICROBOX Il H: 6809 sinciLEBOARD COMPUTERTHATYOU BUILD YOURSELF

VIDEO  KEYBOARD PRINTER SERIAL PORT SERIAL PORT
OUTPUTS PORT

POWERFUL 68BO9E 8/16 BIT
SYSTEM EXPANSION BUS MICROPROCESSOR
BATTERY BACKED REAL-TIME
CLOCK/CALENDAR SYSTEM SUPPORT MONITOR
{8KBYTES) containing:
DISC AND INPUT/OUTPUT DRIVERS
GRAPHIC PRIMATIVES
TERMINAL EMULATOR
&%SETCES SHARESIMEMBRIGS UTILITY AND DIAGNOSTICS
HIGH SPEED SILICON DISC FLEX" BOOT AND CONFIGURE
ACTS LIKE A STANDARD 60KBYTES USER MEMORY
“FLEX’ DISC
ALPHANUMERIC DISPLAY FLOPPY DISC INTERFACE
108 x 24 CHARACTER SUPPORTS SINGLE OR DUAL,
FORMAT. 40/80 TRACK, SINGLE OR
USER DEFINABLE DOUBLE DENSITY DISC DRIVES
CHARACTERS.
STANDARD VDU -1
CONTROL FUNCTIONS

EPROM DISC (AND PROGRAMMER)
HIGH SPEED READ ONLY SILICON DISC
ACTS LIKE A STANDARD ‘FLEX’ DISC
PROVIDES 'INSTANT SOFTWARE

EXTREMELY FAST, VERY HIGH RESOLUTION GRAPHICS
768 x 576 MONOCHROME DISPLAY
HARDWARE VECTOR GENERATION 8Y ADVANCED NEC7220

DEVICE. LINE, POINT, ARC, PATTERN, TEXT, AREA FILL ETC. .| BARE PCB’s AND DOCUMENTATION
*NOTE: MICROBOX Il WILL BOOT ‘FLEX' FROM e + SYSTEM SUPPORT MONITOR
g e e -+ SYSTEM UTILITIES DISC — £95.00
Nicro Concepts. IEN  evar | FLEX + EDITOR + ASSEMBLER £75.00

2 ST. STEPHEN’S ROAD - CHELTENHAM - GLOUCESTERSHIRE GL515AA
Telephone: Cheltenham (0242) 510525
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METER

Paul Chappell gets the me

ur panel meter offer in the
OApriI issue was so popular

that all the available stocks
sold out within a few weeks,
leaving many readers
disappointed. As we can’t get hold
of any more, we thought the next
best thing would be a project to
build your own. The specification
for this meter is similar to the one
in the offer: 3% digit LED display
with a full-scale reading of
199.9mV. In this meter, however,
the display and control boards are
separate so that you can mount
them separately if required with a
length of ribbon cable in between.

Dual Slope Conversion

The project is based on the
ICL7107 panel meter IC, which is
essentially a dual slope A-to-D
converter with internal decoding
and driving circuits for 7-segment
LED disrlars. Dual slope is a
relatively slow method of A-to-D
conversion; it can take up to 6,000
counts, or 24,000 clock cycles (the
clock is internally divided by four
to give the count rate) for the
7107 to perform a conversion, as
opposed to only about 12 cycles
for a successive approximation
converter of similar resolution.

The advantage of the technique
is that it can produce very accurate
results with relatively simple and
trouble free circuitry. For a voltage
meter, it fits the bill nicely: two or
three conversions a second is all
that is required, and the 3% digit
(approximately 11-bit) accuracy is
all important.

Figure 1 illustrates the general
principle of dual slope conversion.
At the beginning of the .
conversion, SW1, which
represents an analogue switch, is
set to position 1 for a fixed
number of clock cycles. The circuit
around the op-amp is an
integrator, so C1 will charge up at
a rate proportional to the input
voltage. At the end of the charge
period, SW1 is set to position 2
and C1 discharges at a known rate
dependent on the value of -V ref.
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asure of a meter...
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Fig.1 Integrator used for dual
slope conversion.

The clock cycles durinﬁ this phase
are fed to a counter - the number
that occur during the dischar%e
will be proportional to the voltage
on the capacitor at the start of this
phase, and therefore to the input
voltage.

By judicious selection of the
timing periods, the output count
can be made to indicate the input
voltage directly. For instance,
suppose that —V,.,~—1 and the
charge ?eriod was selected to be
1,000 clock cycles. For an input of
1V, the output count would also
be 1,000; for an input of 2V the
count would be 2,000, and the
counter would indicate the input
voltage directly at a scaling of 1

 count per mV.

Error Reduction

As Ion§ as the sum of the errors
in clock frequency, capacitor
leakage, resistor temperature drift
and so on can be kept to within
0.05% during each conversion
cycle, the converter will be
accurate enough for a 3% digit
meter.

This is an outra§eously
demanding specification for long-
term drift, but can be met without
much trouble for the time of a
single conversion cycle. The
beauty of the circuit is that long
term stability in these factors
doesn’t matter in the least. If the
value of R1 drifts, for instance, C1
may charge to a slightly lower
voltage for a §iven input, but the
discharge will be proportionately
slower, and the two factors cancel
out leaving the count exactly the
same.

PROJECT

Unfortunately, there is one
source of error that will not cancel:
voltage offset in the op-amp.
Suppose that the op-amp has an
input voltage offset of TmV. Since
the non-inverting input is
grounded, the virtual earth point
at the inverting input will be at
-1mV. this means that an input of
0V will be seen as an input of
1mV (it will cause current to flow
into the virtual earth since R1 will
have 1TmV across it), an input of -
1mv will be seen as zero (since no
current will flow in R1) and all
readings will similarly be offset
by 1TmV. '

In a practical circuit the input to
the integrator would be buffered,
the output would go to a
comparator, and each would
introduce its own time and
temperature dependent offset
into the circuit, probably adding
up to several mV. In the 7107,
with a 200mV full-scale, this would
have disastrous results: each count
on the display represents 100uV,
so the last two digits of the display
would be totally unreliable!

Offset errors are cancelled out
by the 7107’s auto-zero circuit, the
principle of which can be seen in
Fig.2. The circuit is the same as
Fig.1 apart from the addition of C2

| and some extra switching.

The conversion now has three
phases. In the first SW1

_disconnects R1 from the input

and grounds it. At the same time,
SW2 connects the output of the
op-amp to its non-inverting input.
C2 and C1 have no effect on
the op-amp, since they are
shorted by SW1, so the circuit
stabilises with points A and B both
negative offset voltage, and point
C at OV due to R1. Enough time
must be allowed for C1 and C2 to
discharge via R1; this ‘auto-zero’
hase has a period of 1,000 counts
in the case of the 7107.

When the circuit enters the
charge phase, SW2 is opened and
SW1 connects R1 to Vin. The op-
amp’s offset voltage will be held
by C2, so point C will still be at

)]



OV. This means that an input of
0V will no longer cause a current
in R1, and the offset has been
cancelled.

It may not have escaped your
notice that C1 will also have the
op-amp’s offset voltage across it.
In this simple circuit, the right-

hand side of C1 would have to be

disconnected from IC1 and
grounded during the auto-zero
phase. In the 7107, the
comparator which follows the
integrator is also included in the

Fig.2 Modified integrator giving
offset| cancellation.

HOW IT WORKS

auto-zero feedback loop, which
makes this unnecessary. ‘
_Figure 4 is the analogue section
of the 7107, taken directly from
the Intersil data book. it isn’t as
complicated as it looks! The
integrator corresponds to our op-
amp, Cxrto C1, Cuzto C2 and
Rintto R1. The op-amp feeding R1
buffers the input, and the
comparator provides a logic signal

to denote the end of the discharge

phase of C,\r. The circuit around
the 6.2V zener is a voltage

The bulk of the work is performed by
the 7107 digital voltmeter I1C, which is
essentionally an A-to-D converter with
internal circuitry to drive four 7-
segment LED displays. The full scale
range of the IC is twice the voltage
difference between pins 35 and 36. For
2200mV full scale (a maximum reading
of 199.9mV), this voltage is set by R2

below the positive supply voltage is
available at pin 32, and this holds the
voltage across R2 and RV1 at 2.8V so
that the voltage set by RV1 will be
stable.

Rl and C1 are the timing
components for the internal osdillator.
For reasons explained in the text, the
oscillator does not need exceptional

to be 100mV. A reference voltage 2.8V

long term stability, so there is little
point in using a crystal or choosing
high stability components for timing.
R3 and C3 form a very simple low-pass
filter to cut down any noise at the
input, and R3 also provides some
degree of protection for the IC against
accidental connection to excessively
high voltages.

C2 holds the reference voltage used
during the ‘de-integrate’ phase of the
conversion (see text). The capacitor is
charged up to the reference voltage
during the first (auto-zero) stage of
conversion. A bridge arrangement of
switches inside the IC (Fig.4) allows
the voltage stored to be used either
way around, according to whether the
input voltage to be measured is

+5V
c9
/%47n
1

positive or negative. C4 is the auto-
zero capacitor, C5 the integrating
capacitor and R4 the integrating
resistor. The function of these
components is explained in detail in
the text.

The sole function of IC2 is to provide
a negative supply voltage for the 7107,
so that the circuit will run from a single
+5V supply. It is a hex inverter IC: one
of the inverters is used to present a
single gate load to the 7107's clock.
This inverter drives the remaining five
in parallel, which in turn drive the
voltage pump consisting of C6, D1, D2
and C7. This generates about -3.5V,
which is fed to pin 26 of the 7107.

R5—8%§:§%
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 Fig3 Circuit of the digital meter.
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Fig.4 Analogue section of ICL7107

regulator which establishes a
reference voltage 2.8V below the
positive supply voltage, available
to the internal circuit, and also to
circuitry outside the IC via pin 32.

The remainder of the circuit is
analo%ue switching - more
complicated than in Fig.2 since it
allows for negative inputs and a
corresponding positive reference
voltage. Switches marked AZ are
closed during the auto-zero phase,
INT during the integrate phase,
and DE during the discharge or
‘de-integrate’ phase.

Two small points: in the 7107,
both the inverting and non-
inverting inputs of the integrator
are connected to the'common’
reference voltage rather than to
ground. All that is required for the
auto-zero phase is that they
should be at the same voltage.

Secondly, it may seem that the
offset introduced by the input
buffer will not be cancelled. It will.
To see why, just imagine a voltage
source equal to this offset voltage
between the switch and R1 in
Fig.2. The junction of C2 and C1
would end up at this offset voltage
at the end of the auto-zero phase,
and a subsequent OV input, when
offset by the buffer, would still
result in no currentin R1.

Construction And

Setting Up

The two PCBs are assembled
according to the overlay in Fig.5.
The two boards can be mounted
together in a‘sandwich’, with the
two track sides facing each other.
Quarter-inch spacers between the
boards will be adequate to
prevent any short circuits, and the
mounting screws will go through
both boards and hold them firmly.
The smaller display board can be
fixed either at the top or bottom of
the driver board, according to
which you find most convenient. If
the driver board takes up too
much space behind the front
panel, it can be mounted
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separately, the two boards bein
joined by a length of ribbon cable.
The meter requires a supply of
5V DC. In applications where the
voltage to be measured is floating
with respect to the meter's power
supply (as in multi-meter type
circuits), link LK1 should be made.
If the circuit on which the voltage
measurements are made is
running from the same power
supply, link LK2 can be made to
measure voltages with respect to
OV. If differential voltages are to
be measured, neither link should
be made. In this case, bear in mind

PROJECT: DPM

— PARTSLIST _____

RESISTORS all %44W 5% carbon film

R1 100k

R2 22k

R3 1M0

R4 47k

R5,6,7,8 180R (see text)
CAPACITORS

(o] 100p ceramic

Q 100n polyester

a 10n ceramic

Cc4 470 polyester

(o3 220n polypropylene
C6 47n polyester

c7 1016V tantalum

(€5 ideally should be polypropylene to
prevent errors from dielectric
absorption. If unobtainable, a
polyester type can be substituted.)
SEMICONDUCTORS

IC1 ICL7107

[ov] 4069

D1,2 1N4148

1ED1,2,3,4 0.5” common

anode, seven
segment displays.
MISCELLANEOUS
PCB, 0.1” connectors.

i

1

i

I e

i
LAj|!

3 [ 3 ¥ CONNECTOR 1

NOTE: DISPLAY PCB
CAN BE PLACED AT
EITHER TOP DR
BOTTOM OF DRIVE
PCB

28

[ CONNECTOR 1

U HT1Y
e ———
DECIMAL POINTS

Fig.5 Cémponent layouts for meter
PCBS. The C1 position allows for
ceramic or mica capacitors.
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that the common mode voltage
range will be roughly +4.5V to
—2.5V. If either meterinputis taken
beyond these limits, the readings
will not be accurate, and if either
input goes outside the range of
+5Vto-3V, IC1 may be
permanently damaged.

Adjusting The Range

The full-scale reading of the
meter, with the components
shown, is 199.9mV. In some
circumstances, you may prefer to
choose a different range. Suppose
that you decided to use the meter
to measure pressure, using (for
example) the 136PC15G1
ﬁressure transducer. This device

asa ranFe of 0-15 PSl and an

output of 6.67mV per PSI. One
possibility would be to amplify the
output to 10mV per psi, giving a
meter display of 100 counts -per
PS1, so that 15PSI would give a
reading of 1500. To avoid using an
extra amplifier, the meter range
can be adjusted; a full scale
voltage of 133.4mV will give the
required reading of 100 counts per
PSI. Generally speaking, it is not a

- good idea to increase the meter
sensitivity too far beyond 200mV
full scale as it becomes more
difficult to maintain the full 3%2
digit accuracy, but reducing the
sensitivity for higher inputs is
always preferable to using voltage
dividers since, besides keeping
down the number of components,
it minimizes the noise.

The full scale range of the meter
will be twice the voltage appearing
between pins 35 and 36. For the
200mV meter of Fig.5, this voltage
is adjusted by RV1 to be 100mV.
For small variations of the scale,
say up to £ 10%, it is sufficient
simply to adjust RV1. For larger
variations, other component
values must be changed. In
general, for a full scale of n x
200mV, increase the value of R4
by a factor of n and divide the
value of C4 byn.

For example, a range of 0 to 2V
can be achieved by increasing the
voltage betweendpins 35 and 36 to
1V (you will need to substitute a
20k preset for RV1 to allow this),
multiplying the value of R4 by 10
to become 470k, and reducing C4
to47n.

Applications

The frequency and capacitance
meter circuits for the free PCB in
the March and April, 1986, issues
of ETI* can be used with this
meter, and the ‘bathminder can
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easily be adapted for temperature
measurement. Current readings
can be made by the simple
expedient of connecting a resistor
across the input - 2 1RO resistor

- will give a range of 0 to 200mA

and a OR1 resistor will give
readings up to 1.999 Amps.

For something a little more
unusual, the circuit of Fig.7 will
allow the meter to be used with a
low cost strain gauge (see
Buylines). A strain gauge is a
device which changes its

‘fésistance in proportion to small

changes in its length. The one we
have suggested is made from a
copper-nickel foil on polyester
film, and will measure length
changes up to +4%.

Strain gauges are used in
enFineermg to measure the effects
of loading on mechanical
structures - bridges, cranes,
industrial machinery, and so on.
The gauge is bonded to the

| surface of the part to be tested,

and any strain as a result of the
loading is converted to an
electrical signal and sent to the
measuring apparatus,

In robotics, a strain gauge can be
used to give an indication of, say,

{ the strain on a robot arm as a

result of a weight that it is trying to
pick up. The signal can be usedsto
prevent the arm from attempting
to pick up anything too heavy, or
as part of a feedback mechanism

| to allow the robot to judge the

weight it is carrying, and perhaps
to help it to keep its balance.

A common application of strain
%auges is electronic weighing.

ransducers for this purpose,
which incorporate strain gauges,
are called load cells and are
usually very expensive (£100 and
up). However, the simple
arrangement shown in Figs. 6 and 7
can give reasonable results - the
strain gauge measures the
extension of the lower surface of a
sheet of steel, which will be
roughly proportional to the weight
placed on it over a certain range.

The gauge should be glued with
epoxr resin or czanoacrylate toa
metal surface which has been
thoroughly cleaned and is free of
grease. Avoid touching the surface
of the gauge that is to be bonded -

STRAIN GAUGE @
m

"STRAIN GAUGE

STEEL SHEET
24 GAUGE
APPROX

2

strain gauge.

Fig.6 The structure and use of a typical

WEIGHING SCALES

© +5V REG

Fig.7 Circuit of strain gauge amplifier
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it can be picked up and placed in
position by means of adhesive
tape applied to the top surface.
Hold the gauge firmly in place
while the glue is curing, and make
sure there are no air bubbles
underneath.

The components shown in Fig.6
are for a reading of 100 counts to
1% extension. The only
adjustment to be made is to zero
the meter reading with RV1 when
the metal is unstressed. For
weiEhing purposes, you will
pro ablz wish to adjust the gain of
IC1 so that the meter scale gives a
reading in grammes, pounds, or
whatever. In this case, R5 and R6

BUYLINES

PROJECT: DPM

The ICL7107 is available from
Watford and Cricklewood - see ‘Linear
ICs’ in their ads in this issue.
Polypropylene capacitors can be
obtained from Maplin (see back cover
for address).Their 220n polypropylene
capacitor has order code FA22Y and
costs 98p. This capacitor is a 1kV type,
and is rather large for the PCB. If you
can find a low voltage one, use that
instead (and let us know where you get
it from!).

There are many suitable displays for
the meter. If you can order from RS,
the stock number of the type we used
is 588-320. Maplin’'s FR39N is also
suitable - at £1.60 each plus postage.

Specialist Semiconductors of Founders
House, Redbrook, Monmouth, Gwent
can supply the HD1131R at four for
£3.60 inclusive of postage. Finally, the
FND507, which you may see advertised
from various sources in this magazine, is
also suitable,

The strain gauge we used was a low
cost one from RS components. Their
stock no. 308-118 type is for use on
aluminium. Unless you are a ‘trade’
user, you will have to ask someone else
to order for you. Trilogic, 29 Holm
Lane, Bradford, BD4 0QA (Tel: 0274
684289), for instance, will order from
RS components for ET] readers. Either
type of gauge should cost around £3.

can be replaced with a preset of a
suitable value. Don’t ask me what
value - it depends on the
mechanical arrangement of your
weighing machine.

RV1 sets the full-scale voltage of
the meter, and should be adjusted
with a suitable accurate voltage
source connected to the meter
inputs. Alternatively, the meter
can be calibrated against another
voltage meter. Resistors R5 to R8

| :

are for the decimal points on the
displays. Onty one resistor will be
required, according to which
decimal point you would like to
light. The decimal point
connections are also available at
the edge of the board in case you
have ambitions to make an auto-
ranging meter, or suchlike.

*Back issues of ETI can be obtained by
sending £1.70 for each issue to: ETI
Backnumbers Dept., Infonet Ltd., Times
House, 179 The Marlowes, Hemel
Hempstead, Herts. HP1 1BB. Please phone
first to make sure the issue is available ETI

(0442 48432).
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TRANSFORMERS

FROM

ILP Toroidal Transformers are now available through
Jaytee. The UK Distributor with the availability and
service to match the quality of the toroidals.

Jaytee Electronic Services
Dept 18, 143 Reculver Road, Beltinge,

FORFREE DATA PACK PLEASE TR Herne Bay, Kent CT6 6PL Al
T : (0227) 375254
WRITE TO OUR SALES DEPT. [ ] elephone: .
— — .
TveE semes | sec. | Rms.
. TYPE SEC. RMS. TYPE SERES | SEC.
NO.__| VOLTS:] CURNENTY wo. | vouTs | cunmei NO. | voiTs
F‘i:::lahon 19% g%:? gfg c‘»’gg 160VA $3011 9-9 8389 825VA 93017 | 30-30 10 41 ARE "ow
x 34 jagram 03012 | 12-12 0.63 Regulation 8% ~p 53012 [ 12-12 6.66 Regulation 4% 93018 | 35435 892
62 x 34 {See diagram) 030
035 Kgs 63013 | 15.18 050 Swae 53013 1 15-15 533 Size 93026 | 40-40 7.81 SUPPL'ED WITH
Mounting bolt Ma x 12 | 03014 18- 18 042 A 3 C 53014 18-18 444 A B C 93025 45. 45 694
03015 22:22 034 110 45 50 53015 22-22 3.63 140 70 75 93033 50~ 50 625
03016 | 25-25 | 03 18 Kgs 53016 | 25-25 | 320 50 Kgs sa0a2 | s5-55 | 568 DUAL PRIMARIES
03017 | .3 025 Mounting bolt M5 x50 | 53017 | 30.30 266 Mounting boit M8 x 90 | a3028 10 5.68
5308 | .35 | 228 33029 | 220 284 PERMITTING 110V
20Va 13070 66 250 53026 | 40 200 30 240 260
Reguiation 18% ‘ggh ‘gk' ‘?2 : % %‘5’3 ;ég (‘!;g OR 220/240v
1ze 13012 5 E
ABC 13013 15.15 100 53030 240 066
Xy oA R || . o T OPERATION
045 Kgs 13016 | 22.22 D68 SVA . 2 15~}5 a3
Mounting bolt M x 50 }ﬁ‘.? 2_3 :;su ggg gez%ulauon 7% 2333:3 ‘s- i s =
: b A B C 63015 | 22-22 511
sova 200 | 56 | 2% Mo 50 55 soe | 2% % || THE TOROIDAL POWER TRANSFORMER
Regulation 13% 2301t 9.9 277 22 Kgs 63017 | 30-30 g Off he foll L d t .~
Size 23012 | 1212 2& Mounting bolt M5 x 60 233353 %23 ot ers the following advantages:
A B C 23013 15-1% 1 - . .
804043 Zoregll heids iy (T [ Rt %50 SMALLER SIZE AND WEIGHT TO MEET MODERN 'SLIMLINE
09 o
Mounting soit Ms x 50 | 23016 | 5.2 100 83028 19 204 REQUIREMENTS.
g | | 8% 0 | 240 | 0% LOW ELECTRICALLY INDUCED NOISE DEMANDED 8Y
S0 | 20 | om 300VA = T om || COMPACT EQUIPMENT.
negeianioniet T i i HIGH EFFICIENCY ENABLING CONSERVATIVE RATING
33010 66 666 12 N
Reguiation 122 2o | 8] G A% ¢ moe | 255 | s || WHILST MAINTAINING SIZE ADVANTAGES.
A% c | us| & 36 %as 7016 | 83| 4z LLOWER OPERATING TEMPERATURE.
95 40 43 33014 1818 22 Mouniing bolt M5 x 60 ;gggg Ag :g :]5;7;?
10 Kgs 33015 22.22 181 -
73033 50- 50 300 1
Mounting bolt M5 x 50 %:g 25 g :gg 73033 D 30 PRICES
33028 10 072 73029 3‘0 : gg
33029 220 036 m
030 | 20 O S00VA 83016 | 25-25 | 1000 va e £ YA £
120VA 43010 6.6 10 00 Regulation 5% 83017 | 30.30 23 -
Regulation 1% 43011 3.9 666 iz B301oH]| oS S 15 0 8.37 160 5 14,95
Size a2 | 1292 500 A & AR G2
43013 | 15.15 400 :30523565 mgg B B 30 1 967 225 3 16:33
iy A | ol B3 Mounting bolt M8 x 70 | 83042 | 55-55 | 454 50 2 1070 300 7 1784
Mounting bolt M5 x 50 | 43016 | 25-25 2£ g%gg ;}8 ;g; 80 3 1196 500 8 2337
ooy | sl 2o 83030 | 240 2.08 120 | 4 12nh 625 | o 2596
43028 10 109 ]
43029 220 054 ‘ALL ABOVE PRICES INCLUDE VAT AND CARRIAGE. QUANTITY
oo | 0 | 0% fH DISCOUNTS AVAILABLE FOR § OR MORE OF ANY ONE TYPE
i
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LOW COST C.A.D.

ATTENTION ALL ELECTRONICS
CIRCUIT DESIGNERS!!

LB.M. PC (and compatibles), BBC MODEL B and SPECTRUM 48K
ANALYSER | and Hl compute the A.C. FREQUENCY RESPONSE of linear {(analogue) circuits
GAIN and PHASE, INPUT IMPEDANCE, OUTPUT IMPEDANCE and GROUP DELAY {except
Spectrum version) are caiculated over any frequency range required. The programs are in use
regularly for frequencies between 0.1HZ to 1.2GHz. The effects on performance of MODIFICA-
TIONS to both circuit and component values can be speedily evaluated.

Circuits containing any combination of RESISTORS, CAPACITORS, INDUCTORS, TRANS-
FORMERS, BIPOLAR AND FIELD EFFECT TRANSISTORS and OPERATIONAL AMPLIFIERS
can be simulated - up to 60 nodes and 180 components (IBM version).

Ideal for the analysis of ACTIVE and PASSIVE FILTER CIRCUITS, AUDIO AMPLIFIERS,
LOUDSPEAKERS CROSS-OVER NETWORKS, WIDE-BAND AMPLIFIERS, TUNED ftF,
AMPLIFIERS, AERIAL MATCHING NETWORKS, TV L.F. AND CHROMA FILTER CIRCUITS,
LINEAR INTEGRATED CIRCUITS etc. STABILITY CRITERJA AND OSCILLATOR CIRCUITS
can be evaluated by “breaking the toop”.

Check out your new designs in minutes rather than days.

Used by INDUSTRIAL, GOVERNMENT, and UNIVERSITY R & D DEPARTMENTS worldwide.
IDEAL FOR TRAINING COURSES. VERY EASY TO USE. Prices from £20-£195,

LOW COST COMPUTER DRAUGHTING
ON THE B8BC MODEL B

“DRAWER" enables quality drawings to be created, and modified, quickly, easily and with the
minimum of hardware. Positional input is by standard games joystick. All ohhemu,orprogram
elements are written in machine code giving exceptional speed of operatio

FEATURES
* Rubber Banding for drawing lines. e T T TR
* Sotirl or Dotted line types. ey
* Circiec, Arcs and partial or complete Ellipses. 7 0 S
* Vertical or Horizontal Text. I
* Pan and Zoom. 8 ;_
* Merging of drawings and library symbols from | ¥
disc. JC
* Up 10 20,000 lines on a drawing.
* Snap to a user defined grid. S
“Absolute or Relative cursor co-ordinates =
displayed on screen. [ e
* Input from analogue joystick, mouse or
trackerball. Ea o e

* Output to standard dot matrix printer. ol T% r \* J }'

* Prices from £45 - ex VAT

Minimum Hardware Required:- BBC Model B. Single or Dual 5.25" Disc Drive - 40 or 80

track. T.V. or Monitor. Games Joystick, Mouse or Trackerball. Dot Matrix Printer (Epson 80

series or Epson compatible - BBC default mode).

FULL AFTER SALES SERVICE with TELEPHONE QUERY

HOT LINE and FREE update service.
for illustrated leaflets and ordering information please contact:-
NUMBER ONE SYSTEMS LIMITED (REF ETY)
Crown Stndl St. Ives, Hunt Cambs PE17 4EB
el: 0480 61778; Telex: 32339

1

SUPER HY-LIGHMT STROBE KIT
Designad for Disco. thestrical uses, etc.

Approx. 16 joules. Adiustable speed. Price £45 + £2 p&ip ITotal inc.
VAT £54.05; Case and refiector price £17 + £2 p&ip (total inc. VAT

VARIABLE VOLTAGE TRAN

IDUTzn 2400V a.c. 50/60 OUTPYY nvsﬂ "
200w A1 £22.00 ."‘ New ceramic construction, heavy duty brush

DIGITAL VOLTMETER MODULE

WITH HIGH BRIGHTNESS LED DISPLAY

* High accuracy
+0.1% + 1 digit.

* Operates from single
supply 7-12V.

* Reads - 99mV to 999mV
which is easily
extended.

* Large Bright 0.43” LED

Displays.

Only

£14.95
+ VAT

We are pleased to once again offer this
tried and tested Digital Voitmeter moduie
which is suitable for use in a wide range of test equipment. Supplied with full
details describing how to easily extend the basic range, measure current
resistance and temperature. The module, which is fully guaranteed, has been
supplied to Electricity Authorities, Government Departments, etc. etc.

TEMPERATURE MEASUREMENT
KIT DT10

A simple though effective
module which, when
constructed, provides a linear
output of 10mV per °C over the temperature range+100°C to —10°C.
The unitis ideal for use in conjunction with the above DVM module,
providing an accurate digital thermometer suitable for a wide

range of applications.

DUAL POWER SUPPLY PS 209 £5.65

+ VAT

This fully built mains power
supply provides two, 9V
stabilised outputs up to 250mA

each. The unit is ideally suited for

use with the Digital Voltmeter and the
Temperature Measurement unit DT10.

Order by post. order by ‘phone -SCOMP Dept ETI 17
Add 15°:V AT toeallprices I 51 POPPY ROAD
U K orders add 70p post & packing P e

Export ordars post & packing at E LiMiTED BUCKS
Tel 1084 34) 6326

rost

Supernior Quality Precisian Made

NEW POWER RHEOSTATS

[ROBOT ENTHUSIASTS
ESCAP precision Swiss-made wonless rotor. 6V DC gesred Motor
with 701 goarbox. 8V DC — 16 r.p.m. 3V-B1.p.m. smazng

£21.95).Fooiscap SAE for further details including Hy-Light and 05KVA2’/1AMa-
Industriar Sirobe Kits 9 ;:x: 105: mx. ti; 00 R gsa:w :’(‘)fmnuou?:;y v‘aled .
ULTRA VIOLET BLACK LIGHT IKVA 15A Max tssoo . 1542 £4.25 + 30p p8p. (£5.23 mcl. VAT).
TUBES SKVA 25A Mux £105.00 i S0 WATY 2500 £6.50 + 50p p&p (£8.05 nc). VAT).
R 40 want £Y.08 {3200 nc VAT) 10KVA S50A Max ég : m;Arr#s&u(z‘sﬁ&nw/zﬁ/swumn 5kQ/2 5kQ/3.5kQ
.1 ] 15KVA Ma; 0.1 + ] ncl VAT)
Ia 15'2,':..[{5‘; 'v [;sz:znn :: \}IA‘!V AV, Vzl?ﬂu.emqt and VAY Black Silwer Shisted Knob catibrated in Nos 13, 112in dia brass bush
130 10 wart €480 1 75p p&p (546 nc” VAT) 3-PHASE VARIABLE VOLTAGE TRANSFORMERS  ideal for above Rheostas 30p ee. « VAT
Vhn 8 went 300 « Shp plp HATY c VAT Dual input 200-240V or 380-415V. Star connected INSULATED TESTERS NEW!
] [Siwanje2my 0 pe /AR e VAT) KVA. 6KVA. 10KVA. available. Phone for details. Test to i.E.E. Spec. Rugged metal const-
P ‘Sald o Comprahansive range of TRANSFORMERS L.T. ISOLATION & AUTO
lfG.%Auflc. VAT) Kit for exther 6in. q'" °' i2in]y £5.50 n&p 53p (110-240V). E“cnodmmmmmmbnwmn on“;‘{.?'\ 2;{,'33‘5.&%’,, bg.’g‘é"._ {,’.',,"evb"..‘,‘{",‘.‘.
For 13in. & 18in. Tubes €6 php 75p (£7.76 inc. VAT), _!'j‘_!z[' delivery. LWMM A &in., weight 6ib. 500V. 500 megohms. £49
F:‘IVDCQ!!M & 13in. tubes only £5.50 pSip 75p (£7.18 inc. N tor e p&pﬂ(m.ﬁlml VAT).
75 WATT SELFBALLASTED BLACK LGHT MeRcuRy suss. | SPECIAL OFFER. 2KV Auto Transformers, R
Ava:lzbl;ior]onhelBCorEshmng price £14 + p&p €£1.25(toralinc | tapped 0-115-126-220-230-240V. Price: £30.00 ".ww‘s'“mo_sw“;v“ o (12V 0 10 Amp or 6V at 20
VAT £1 “Speciel . : Amp
400W UV LAMP & BALLAST complete — £56.80 + £3.50 (69.36:n. |+ CArTiage at cost + V.A.T. %ﬂm@ = inclusive of VAT £12.6 N.M S
o VAT)
400W UV LAMP only, £28 + p&p £2.50 (£35.98 incl VAT) s.- mfcgn" wm{:x g:“u van »[o‘n::g _—_
VAT £2708) NWS )

TRANSFORMER MOV apecaton. £2.15 ¢« 1200 p8p (Totai inc VAT £1280
28 rpm Torque A3h 0 reversible 1/80th hp 110V AC Price €959 . p&p £)80
{Torad snc VAT £1298)

Vickers Luc(lgr.n&) psliA \Px"l’ 1)3/3N2Mgrasa body. : £7.50 +
£1.00 incl .
240V, ‘; 8 Soienoid Fluid Valve designed for Air/Gas at 0.7 {E18.28inc, VAT),

power; t\oloucurmnt onty 10 ma. lpwo- Size: 4 x 2}jcm. Ex- A " ;
L price of a made-up unit. Wmmmmwm«uumeu'mtm
[ A adand OMLYE4.50,+1500Phe (total wmm‘zswmzs:‘/m Tube. Batast o pan ol | (Tot nc VAT 130 Nl
e, VA (S 5. c.,.nm indicator, safety microswitch, on/olf swi Nins -mus ‘ooque ID.in. uurslkaSVACmc start
SOLID STATE RELAY and circuit. uumy Price. £11.86 + p&p £2.00 (Total inc. VAT £15.58). N.M
Single make wil switch up 1o 250V. A.C. 10 amps. Recommended LESS CASE: Price £13.80 + 75p plip (Tofal inc. VAT £16.50). Surtable TRARSFORMER 230V AC operation meuwsonmmumd
operating voltage 8-28V. D C. bt Al work at evs chan 8V 0.C. sdent. con- WTWGM'""“C'W"W’VWM”W VAT)

nuo-ﬂu.&s‘mag:tumwmr'r; ot ‘ eyes. Unit must be fifted in sustable case. &wm\??::wﬂSMACwatﬂwp&ptlw
voRtags. slodyne. Ottered at fraction of mirs. price: L. o Sp ne,
ol (total inc. VAT £3.97). 12VDC BI.GEHMS TR ( . Sutsbie TRANSFORMER o above £38 p8p £150 K132 mc VAT
MICRO-SWITCH 498 GPH. 15k heed, 3amp, E8.00 + €1 p T
Button type 10emp clo contacts. £6.90 for 10 post peid. inc. VAT. #1036 inc_ VAT). 2 mw&uuwm&‘:ﬁﬁfﬁfm’ﬁﬂm,u%
24V. D.C. Solenold Fluid Valve manufactured by Sperry - uﬁg.“ﬁ Tb:ui. 35amp, £11.58 « £1.50 p&p é p8p (ncl VAT £16.W), mclusve capacior

Price: £7 Torque 1900 m reversible 1/70th hp 110V AC motor Price £950 + £180

: Nps
1758 G.P.1. 15t heod, Samp. £15.80. + £1.75 plp ple (Total nc VAT £1298)

il T Sutable YRANSFORMER for 730240V AC operation Price 59 + p&p £140

V.AT.) NMS.
1movnccemmmm o DC MOTORS
O4A 30 cuft. £7.99 + £1.00 php — j MICROSWITCHES.
wotsl inc. VAT 20.78. NM.S.

mm«mm:gngym

swfuzwvA ation. Price £6.
+ £1 plp — ol inc. VATt775NMS

0.7. Water 5 psi. Inlet-outlet §°.
f. Dewraswitch Asco. Price:

ter 5 psi. inlet-outlet 3/8”. Forged brass body. Manuf.

Dovraswitch Asea Frice: £6.50 21 00 p&p. (£8.63 incl. FROM STOCK AT PRICES 20006200 i i .y Carer.E1-0qup. siee. G400 £1.50 54 (ot
THAY DEFY

AC GEAREQ MOTORS

SMALL

240V. A.C. SOLENOID VALVE. Deannod for Ali/Gu at S e e e e — —
Al ., 18 V. A.C. 50/60Hz. ideal pdp). Alsa available with soul ou MT Other types avaslable hom stock,
-brass A.C. CAPACIT Ut 900 .5

+ £1. oo power factor correction, stc. 9] x 6 x 41 ins. Wt. 7{Kg.
es's p&" Bricer £15.00 s 0500 pas. (603 28 m VAT N IS, Recondetaned sod tested ~

e~ SERVICE TRADING COe

; 57 BRIDGMAN ROAD; CHISWICK, LONDON W4 58B. Tel: 01-995 1560 Lorticn WenT o
Mopceyifnaay || J ACCOUNT CUSTOMERS MIN. ORDER £10 Tel: 01437 0576

(Totad nc VAT £750. NM S

nc. VAT
32N AC SYNCHMRONOUS. 2 rpm, 6 rpm. 6 rev per day Any type £488 + SOp
b8 {Total inc VAT E5.38 E

%ﬂ, AC 40 arp. tully roconditioned £Y.58 « £1.75 pdp (Total inc. VAT
£

WESTON "
Type §281 200/250 A.C. 2 on/2cHt every 24 hours. 20 contacts wi
Ovaide Swilch. Diameta =3 Prce T9.50 + €1 50 pap (1200 e VAT &
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PROJECT

ADEABLE
MPLIFIER

Graham Nalty takes to the boards again with a moving magnet

amplifier capable of up-staging itself.

preamplifier for magnetic
A record cartridges has two

basic functions, First, it
changes the frequency response
to cancel the RIAA equalisation
put on every record as a means of
reducing noise, and second, it
raises the level of the signal until it
equals that obtained from radios
and tape recorders,

Equalisation

The preamplifier requires a
gain which varies with frequency
as shown in Fig. 1. Typically we
need a gain of about 50 at 1TkHz
rising to 500 at 20Hz and falling to

1000

1 = 50.05Hz
12 = 500.5H2
3 =2122H2

100

| I
-
L
| [
| |
| I
| |

|
|
|
|
|
I
|
104 |
1
|
|
|
|
1

f i |
10 f 100 f2 1k 13

FREQUENCY (Hz}

Fig. 1 The desired frequency
response of an RIAA preamp.

s 271
gain is needed to maintain an
accurate frequency response. At
high frequencies a high level of
feedback makes slew-rate limiting
and transient intermodulation
distortion more likely.

The shunt feedback circuit of
Fig. 2 has an additional problem as
the hi§h frequency response does
not roll off to zero but to a gain of

1. The effect of this error is to
emphasise extreme high

-
o oo

frequencies, including sibilance
and record scratches.

This problem can be solved by
the series feedback circuit of Fig.
3, but only at the expense of
increased input circuit noise. In
this circuit, the imﬁedance seen
from the input is the resistor (47k)
in series with the cartridge (about
1k0 plus inductance). In the shunt
feed‘l))ack amplifier the impedance

5 at 20kHz. The most common
method of obtaining RIAA
equalisation is by feedback, in
which equalisation is carried out in
the negative feedback loop of the
active circuitry. A typical example
is shown in Fig. 2.

This circuit uses @ minimum of
components, especially if built
around an integrated circuit, but is
becoming less popular amongst
designers of higher-quality
amplifiers because the amount of
negative feedback varies with
frequency. At low frequencies,
where less negative feedback is
applied, a very high open loop
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OUTPUT

Fig. 2 A typical shunt-feedback
equalisation arrangement.

a Ry,

R, Cy
INPUT ] =
a7k ’ >_——o OuTPUT
s
Fig. 3 A series-feedback

equalisation arrangement.

is the cartridge in parallel with the

INPUT

OUTPUT .

ol

Fig. 4 Combined shunt and series
feedback arrangement.

47k resistor and is much lower.
Hence the noise level is much
lower, but neither of these circuits
can be considered ideal.

An elegant solution to this
problem was put forward by Stan
Curtis in ETI July 1981 (ref 1). Two
stages of amplification are used.
The first is a shunt feedback circuit
(low noise) with a gain of 5 at all
frequencies. This is followed by a
series equalisation amplifier in
which the virtual earth resistor is
much lower than the 47k required
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W

Frequency Input Output of
first
amplifier
20Hz 20mVv 159mv
1kHz 158mV 1.26 V
20kHz 1.26 V 10V

Table 1 Maximum peak signal levels in the circuit of Fig. 6.

are used. The intention in this

Inputto Outputof Inputto  Output deSI%_n_is to upgrade the pre-
second  second third amplifier by providing separate
amplifier  amplifier  amplifier power supplies for each stage of
: amplification, and with three
158mv. 126V 126V 10V stages this would quickly become
50 Ul 101/ 1V 17.9V very complicated.
v N Issmy M6 We can cut things down by

using the single-stage passive
equalisation arrangement of Fig. 7

which requires only two stages of
amplification. The required gain of
each stage is now increased to 23.

Frequency opse O":;“',%me '""“a:“m“‘ﬁe:f"" Ouput | | The disadvantaﬁe, shared with any
P P other RIAA sinF e network, is that

20Hz 20m V447mV 447mv 10V component values are very

1kHz 200mV 447V 447mV 0V difficult to calculate accurately. |

20kHz 447mV 10V 100mV 224V would like to pay tribute to work

carried out in this area by Stanley

Table 2 Maximum peak signal levels in the circuit of Fig. 7. ’ Lipshitz (Ref 2) whose paperon

RIAA networks is a great help to

equalisation arrangements.

circuit designers. The component

on Si ' Split Passi Feedback values used here are derived from
RSy mﬂw;::m p"et,::::(ve equa-ﬁ?:ﬁm tables in Mr Lipshitz's paper.
20Hz 20mv 20mv 20mv | Overload
1kHz 200mv 158mv 200mv An important part of the design
a0kLZ 43HmY 1EZ6) 2 of an RIAA preamp is to obtain an
Table 3 Comparison of the maximum input levels permissible with various adequate overload margin. This is

to make certain that the loudest

for a single-stage series
equalisation circuit. The basic
circuit is shown in Fig. 4. The
ghase of the output is inverted,

ut where this causes problems an
extra unity-gain series-feedback
buffer amplifier can be added.

An alternative way to achieve
correct response at extreme high
frequencies is shown in Fig. 5. This
again is a two stage circuit. The
first stage has a constant gain at all
frequencies and is followed by a
passive high frequency roll-o
network, turning over at 2122Hz.
The 50Hz and 500Hz turnover
frequencies are equalised by the
shunt feedback network in the
second stage of amplification. This
configuration has been used by a
number of manufacturers of
amplifiers at the more expensive
end of the market.

The passive equalisation
arrangement of Fig. 6 is one which
| have used in a number of
different amplifiers over the years.
The signal is amplified by about 7
or 8 times in each stage and the
2122 Hz turnover (HF roll-off) is
carried out by a resistor and
capacitor after the first stage. The
signal is then amplified a second
time and the bass equalisation
(50Hz and 500Hz turnovers) is
carried out by a second passive
network. Noise and overload
margins are optimised when the
gains of the stages are

48

‘ signals from the cartridge are

INPUT ' amplified accurately and

2 ' ouTPUT reproduced without clipping or
—° slew-rate limiting. Problems start
when you realise that different
cartridges give a different output
for a given recorded level in the
disc and that the maximum signal
7 in the groove can vary from record

|
|Passive | Low

o i‘fos;‘;&’}ﬁ“.‘éi“}fgu" | | torecord. There is thus no defined
Fie 5. An alternative ltwo-Lsta X : maximum cartridge output level
e ORI 8 on which to base our designs.
eq In practice, most RIAA preamps

OuUTPUT
4 p—
-%.:
15t AMP ] HE | 20nd AMP [ BASS 1 3rd AMP
1 ROLL-OFF | | EQUALISATION |

Fig. 6 Using three stages simplifies the component value calculations.

approximately equal. This has all
the important factors — correct
phase, accurate frequency
response and uniform feedback at
all audio frequencies. It has the
advantage that the component
values can be easily and quickly
calculated.
This method can be applied to

;:ircclijli)ts \'A(/hichhdo not have any

eedback in theiractive stages. ; . -
The only disadvantage is that three zg,;:sm: g::i': :,afgtt;‘it;q;:sl;ser which
separate stages of amplification gn.

ETI AUGUST 1986



PROJECT: MM Stage

o
+15V FOR
MOVING

COIL STAGE

i) +15V

INPUT

mmom() OUTPUT

oV

NOTE: R4
1C5 = 78L12 S 47k
1C6 = 79012 -

06.7.9.10 = BC109C or BC184C
Q8,11 = BC214C

czs.[

470n
T com "
1 {

ice

O -15V

[,
--15V FOR
MOVING
COIL STAGE

Fig. 8 Circuit diagram of the moving magnet stage in its standard version (one channel only). Note
that the component numbering follows on from last month’s moving coil stage.

N ouT

+15V O

2zon-[ com 4‘;:)';“11 'L:r Soa

INPUT

oo

O OUTPUT

-Q - 15V

C16
cud 1 Lo
220“_1_ coM 470:-.1_ ==
15VO- 1ca
N ouT

NOTE:
I1IC35 = 7812
1C4,6 = 7912
Q6,7,9,10 = BC109C or BC184C
08,11 = BC214C

D3,5 = J500 (240uA)

D4,6 = J507 (2.4mA)

Fig. 9 Circuit diagram of the moving magnet
stage in its fully-upgraded form.

are designed with an overload
capability well above the
maximum typical output of a
cartridge. This can be a real benefit
to the person who owns a higher-
than-average output moving coil
cartridge and a high gain head
amp. In the past quite a bit of
nonsense has been talked about
overload margins by people who
assume that a preamp with a larger
overload margin will sound better.
On other occasions reviewers have
criticised a preamp because the
have measured a lower overloa
margin. But unless a reviewer can
actually feed a genuine signal from
a cartridge into the preamp and
show a clipped waveform, there
can be no justification for
criticising the overload margin.

To illustrate this point, | have
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calculated the maximum possible
signal at each stage in a passive

equalisation circuit at 20Hz, TkHz-

and 20kHz assuming a) an overall
Eain of 500 equally divided

etween each staie of
amplification and b) a maximum
peak voltage of 10V in either
direction (Tables 1 and 2). Notice
how the overload point
(underlined) varies with
frequency. Table 3 compares the
maximum possible input voltage
of these passive circuits with a
feedback equalisation circuit. The
overload margin could be
increased by lower gain in the
earlier stages of amplification but
this may increase the noise of the
circuit

The MM preamplifier to be

described here uses two separate

stages of amplification. RIAA
equalisation is carried out by a
passive network consisting of R20,
R21, C21 and C22 locate
between the amplification stages.
The signal reaching the RIAA stage
is filtered by R11 and C12 to
remove radio frequency
interference. It is then amplified
by the first stage amplifier formed
from Q6, Q7 and Q8. The gain is
determined by resistors R16 and
R17 and is calculated at R16 +
R17/R16 = 23.

The output from the first stage
is then equalised by the RIAA
network and applied to the
second active stage. This is based
on Q9, Q10, and Q11 and also has
a stage gain of 23, defined by R26
and R27. A buffer resistor R30 ’
protects the amplifier from low
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PARTS LIST.

RESISTORS STANDARD VERSION UPGRADED VERSION
(2% unless stated) Holco H8 0.5% 50PPM/°C
unless stated)
R10 68k 68k1
R11, 30 1k0 1k00
R12, 31 220k 221k
R13, 15 5k6 5k62
R14 47k see D3
| R16, 26 10 1% 1k00
R17,27 22k 1% 22kt
R18, 28 33R 33R2
R19 6k8 see D4
R20 22k 22kt
{ R21 22k 1% 39k2
R22 3k3 1% 5k62
R23 5ké 5k62
R24 47k see D5
R29 6k8 see D6
CAPACITORS
C10, 15, 16 470n polyester 470n polycarbonate
1 C11,17,18,20,24,25,26 — 3n9 polystyrene or silver mica
Ci12 100p polystyrene 100p polystyrene or silver mica
C13, 14 — 220n polycarbonate
c19 4u7? polyester 4u? polycarbonate
Cc21 100n 5% polyester 56n 1.5% polystyrene
| C22 33n 5% polyester 19n 1.5% polystyrene or silver
mica
c23 1u0 polyester 2u2 polycarbonate
SEMICONDUCTORS
13 — 7812
1C4 = 79212
1C5 78112 7812
1C6 79L12 7912
Q6,7,9,10 BC109C or BC184C BC109C or BC184C
Qs, 11 BC214C BC214C
D3,5 ) — 1500 (240uA)
D4,6 — 1507 (2.4mA)
MISCELLANEOUS
PCB; double-sided PCB pins, 10 off; T092 transistor pads, 6 off (on upgraded version
_ only); PCB pillars; case, power supply, sockets, wiring, etc, according to choice and
application.
| All of the components listed above are for one channel only (with the exception of the
case, power supply, etc). Two of each will be required for stereo.

Test points Voltage
Output of IC3, IC5 — ground +12V

Output of IC4, IC6 — ground -12V

Across R13, R23 0.7V

Across R18, R28 0.1V

Emitters Q6, Q7, Q9, Q10 — ground 0.6V

R17/C19 junction — ground Less than 0.2V
R27/C23 junction — ground Less than 0.2V

Table 4 Test voltages at various points around the circuit.

BUYLINES

A complete kit of parts for the moving
magnet stage will be available from the
author at 6 Mill Close, Borrowash,
Derby DE7 3GU. The cost is £11.50 for
the standard version and £29.00 for
the fully-upgraded version. Note that
these prices are for one (mono) board
and that two will be required for
stereo. The PCBs can be purchased on
their own for £10.00 (two boards) and
all the other components can also be
supplied separately if preferred. A full
price list is available from the address

above. ANl prices include VAT and
postage.

A case for the complete preamplifier
is also available (see photos here and
in last month’s article) "and costs
£49.00 inclusive. It is fully drilled and
labelled ready to accept the modules
described in this series of articles. The
front panel can be supplied with or
without provision for tone controls —
please specify which you require when
ordering.

impedance or large capacitance
loads. Onboard regulators provide
regulated supplies of +12V and
—12V to the active circuitry and
these require input voltages of

+ 15V or greater.

The circuit of the standard
economy version is shown in Fig. 8
with single 78L12 and 79L12
regulators powering both stages of
amplification. Although ‘C’ gain
transistors are specified, ‘B’ gain
devices should Ee fine. Two per-
cent tolerance is adequate for
resistors, but | have specified 1%
wherever the resistor affects the
equalisation or gain. Capacitors
are radial polyester and axial
polystyrene types. Capacitor
tolerance is important for the RIAA
equalisation components so | have
specified 5% types.

The circuit of the fully-upgraded
MM stage is shown in Fig. 9 The
improvements are:

a) the use of separate regulators
for each stage of amplification

b) the use of metal-tab T0220
regulators to reduce temperature
generated distortion

¢) the replacement of all standard
metal film resistors with Holco H8
0.5% 50ppm/°C metal film
resistors

d) the use of polycarbonate
capacitors instead of polyester
capacitors

e) the bypassing of higher value
capacitors with3n9 to 10 n
polystyrene capacitors

f) the replacement of R14, R19,

R24, R29 with constant current
regulator diodes (D3-Dé6) for
better power supply ripple
rejection

g the use of close tolerance
extended foil polystyrene
capacitors for RIAA equalisation.
h) the use of ‘C’ gain transistors for
Q9 and Q10 to Eive higher input
impedance on that stage.

Construction

The moving magnet stage is
assembled on a single-sided circuit
board which carries one complete
stage. The board is therefore mono
and two will be required for
stereo. Holes are provided on the
board for the various upgrading

- options and also to allow several

smaller polystyrene capacitors to
be used instead of some of the
less-readily obtainable larger ones.
Make sure you know in advance
which holes you need to use for
the version of the preamp you are
building. ,
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PROJECT: MM Stage

INSULATED WIRE LINKS {STANOARD VERSION ONLY}

+15V SUPPLY
FOR MOVING”
COIL STAGE

(STANOARD

VERSION)

+15V FROM
POWER SUPPLY
{UPGRADED
VERSION}

INPUT et

OV ~atemmned

“—
- 15V SUPPLY
FOR MOVING
COIL STAGE
{STANDARD
VEHSION)g

15V FROM
POWER SUPPLY

orD4

Q1

¢ g x|
4 <1 7 \
7 7 o
7 . /%%, s
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v W i
C16 - @45 Z Gy
sl |z T é
© ko o
R %ﬁ}y%

{UPGRADED
VERSION)

R25
R28

or DB,

INSULATED WIRE LINKS (STANDARO VERSION ONLY}

+15V FROM
i POWER
,SURPLY

R31

OUTPYUT

ov

~15V FROM
—> POWER

Cc26 C. SURPLY

Fig. 10 Component overlay for the moving magnet stage PCB. Note that the supply rail connections at the left-hand end
perform different functions in the two versions.

The use of PCB pins is
recommended for the external
connections to the board. The pins
should be installed before any of
the other components and
tapped lightly through the board
before being soldered. The rest of
the components can then be

- soldered into place, starting with
the resistors and then the
semiconductors and the
capacitors. Finally, if you are
building the standard version,
insulated wire links will be needed
to carry the power lines across the
board to where the second set of
regulators would be on the

upgraded version. The position of
these links is indicated on the
overlay.

When the board is complete,
connect it to a power supply giving
between £15V and +=25V. Using
Table 4 as a guide, check that the
voltages around the circuit are
correct. If all seems well, connect |
up a record deck and cartridge to
the input and feed the output into
the tape, tuner or auxiliary input of
a preamplifier. With luck, you
should be able to hear music! If
you built last month’s moving coil
stage, you can now try hooking it

into the inputs of this stage and

A standard version of the
moving magnet stage
board. Note the wire links
running to the unused
second regulator
positions.
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connecting it to a moving coil
cartridge. The moving magnet
stage is so designed that two of
them can be positioned side by
side and the power connections
can then be jumped across on

| short links to a moving coil board

laid across their ends. This
arrangement can be seen in the
internal view of the complete
preamplifier published last month.

The MM boards can be used
with the Virtuoso preamplifier
which is the subject of this series
of articles or with any other
preamplifier which has a dual-rail
supply of between£15 and £25V
available. The boards could also
be installed in a small case with
their own power supply and used
as a stand-alone, plug-in disc stage.
This would make a useful
accessory for PA amplifiers and
audio mixers which do not have a
low-level, RIAA equalised input. If
preferred, the regulators can be
omitted and a battery used
instead. For a 9V battery supply
use two 33k resistors in parallel for
R14 and for R24 and replace R19.
and R29 with 3k9 resistors.

References

1. Curtis. S. System A preamp
ETI july 1981.

2. Lipshitz. S. On RIAA
equalisation networks. Paper
presented to 61st AES convention,
New York. November 1978. ETI
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SPEAKING ALARM

CLOCK

Paul Woods’ design tells the time and tells you. A good
introduction to real-time clocks and allophone synthesis and a
practical circuit to help the visually handicapped.

he clock functions are controlled by four buttons,
I When particular buttons are pressed, the clock
speaks the time, or the alarm setting. The buttons
alsoallowthesetobesetandissuespokenphrasestotell
users what they are doing.

Time is kept on a 12-hour clock, with ‘am’ or ‘pm’
announced as appropriate. When sounding, the alarm
may be either cancelled, or muted for ten minute
periods to allow for a snooze.

Audio output is about 2 watts — enough to arouse
the soundest sleeper.

Figure 1 shows the block diagram of the speaking
alarm clock. The circuitis based on aZ80 microprocessor,
with supporting EPROM and RAM, which controls an
MSM5832 clock IC and an SP0256-AL2 speech
synthesizer. Qutput is provided by a TBA810AS audio

power amplifier driving a 4 ohm load.

. o ; o
: - REAL-TIME |
© SRAM LOCK
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SWITCHES
.

| errom
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e 1 - e :
i i - i i
. . .

3

| Fig. 1 Block diagram of clock.

Clock signals for the Z80 and the SP0256 are pro-
vided by a common crystal oscillator and divider chain,
The MSM5832 usesa second crystal oscillatorasits time
reference. Battery backup ensures the clock will keep
and remember the alarm setting during power cuts.

How it Works

Figure 2 shows the digital sectionof the circuit. Q1isa
crystal controlled Colpitts oscillator. Its output is
divided by two by IC8 — a 74LS74A dual bistable — to
give 3.07MHz for the speech synthesizer, IC11. A

urtherdivision bytwoyields 1.54 MHzforZ80, IC2. This
5

2

low speed does not compromise preformance as most

ofthetime the Z80 is waiting fora control switch depres-
sion or the speech synthesizer to finish saying an
allophone. ,

C1 and R5 generate a power up reset signal to the
Z80. PB5 also resets the Z80 and PB6 generates an
interrupt. Both of these switches were usedto debugthe
EPROM and are not now used.

The peripheral ICs are memory mapped, so some of
the Z80 bus control signals, principally IORQ, MREQ
and M1 areignored. Thisavoids havingtodecode IN and
OUT instructions as every read and and write cycle must
be to memory. RFSH is also unused because 1C6 is a
static RAM.

IC3 and IC4 — both 7415138 demultiplexers — are
used as address decoders. By combiningwithRD in IC3,
and WR in IC4, they generate read select and write
select signals respectively for 2Kbyte memory blocks
(Fig. 7 shows howtheseareallocated). A14 and A15 from
the Z80 are unused, so only the bottom 16k of memory
may be accessed.

The alarm clock program is stored in IC5, a 2716
EPROM, which is selected by RSO from IC3. Program
variables are keptinthe static RAM, IC6, enabledbyRS1
and WS1.

An open collector gate is used for IC7 — used to
selectthe RAM — so that a resistor pull up, R10, may be
used on CE. R10 and IC6 are both connected to the back-
up battery, rather than V., so that loss of power does
not destroy RAM contents. However, 1C6’s CE input is
taken high, putting 1C6 into a low power stand-by
mode.

The four control push buttons are connected via
IC1a to the Z80 data bus. These must be normally
open switches.

IC10, the MSM5832 real time clock, keeps track of -

the time and the date. A 32768 Hz watch crystal is the
time reference — for highest accuracy, this should be
trimmed by adjusting CV1.

CV1 mustbeadjustedby oneoftwomethods. Thefirst
isto comparethe clock withatimesignal overafewdays,
adjusting CV1 as necessary. Alternatively, build the cir-
cuit, and place IC1 only into its holder. Connect a fre-
quency counter to pin 9 of IC10. Turn on the powerand
adjust CV1 until a frequency of exactly 1024Hz is
measured. Direct' measurement of the frequency on
pins 16 or 17 of IC10 will give false readings, since a
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CIRCUIT SOLUTION
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scope or frequency counter will load the crystal’s high
impedance circuit.

The clock IC requires a complicated sequence to
access it. The HOLD (pin 18) must be at logic 1 before
trying to read or write anything. This locks the time into
the clock’s internal registers, so that should a clock tick
occur during the ensuing read cycles, it will not change
the data being read by the Z80. Otherwise an incorrect
time may be obtained, caused byacarry rippling through
the clock’s registers.

The stand by battery comprises three rechargeable

Ni Cads. R14 trickle charges the battery, D2 prevents it
from attem#)ting to supply the entire clock when power
is turned off. The AA battery size chosen is quite large
and provides about a month’s back-up, but the cells are
readily obtainable. If a smaller battery capacity is used
then R14 must be increased toreduce, proportionately,
the trickle charge current.

The speech synthesizer and audio amplifier are
shown in Fugure 3. The speech chip is selected by WS5.
Its ROM expansion pins are left unconnected and an
external clock is used in preference to the internal

o :
o0 LI
D1 7
Cc D2 6] 12V O ANNA
D3 503 C7 cotl R31
x< ©5a v e 100n3;‘7 R30 100u 100R
Ops 73|22 : W ’;7;;
o= A
D6 11 ic1
53 1577 — Y
o > LI e >
i thers
9 H AL == 100u
1 12 R27 .
ic1b % o3
14

20

~
Sls Nl—l

R2g
56k

NOTE.

IC11 = SPO256

IC12 = TBAB10

ALL UNMARKED PINS
ARE NOT CONNECTED

Fig. 3 Diagram of speech synthesis circuit (with complete prototype inset).
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oscillator. Thehand shakelinesof IC11 are connectedto
the data bus so that the Z80 can recognize when to
transmit allophones.

RV1 is the volume control for the speech generated
by IC11. Actually, IC11 generates a supersonic square
wave which is pulse width modulated with the speech
information. So if looking around RV1 with an oscillos-
cope, expect to see a jittery square wave rather than an
audio signal.

IC12’is a TBA810AS audio poweramplifier. Itis con-
figured here to give about 2W into a4ohm speaker. The
circuit used is slightly non-standard since the high input
signal level requiresa considerable reduction ingainand

“a feedback network has been added to make it a two
pole 5kHz low pass filter.

If a hi-fi system is to be used instead of IC12 then a
5kHz low pass filterwill be necessary. Otherwise a faith-
ful reproduction of the inaudible supersonic square
wave will be fed to the loudspeaker rather than the aud-
ible speech signal.

The recommended power supply is shown in Figure

cessible to the user. Figure 6 shows the layout used for
theseinthe prototype. SW4 could be hidden atthe back
to prevent inadvertently changing the clock settings.
There should be no problems in getting the circuit to
run. The slow clock frequency willaid probingthe circuit.
Any fault in the clock generator may be noted by the
absence of a 1.54 MHz square wave at pin 8 of IC8. A
square wave is always present at the output of the
speech synthesizer, pin 24 of IC11, so its absence is
more interesting than its presence. Most faults will be
found to be shorted tracks or incorrectly inserted ICs.

Telling the time

On turning on the clock the Z80 will check to see if
the memory contents are corrupt. If they are, the clock
will repeatedly say ‘Reset Clock’ until the clock is set.

To set the clock or alarm press the set button, SW4.
The clockwillsay‘Set’. Then press‘clock’, SW1, tosetthe
time, or ‘alarm’, SW2, to set the alarm time. ‘Set Clock
Time' or‘Set Alarm Time' will be spoken as appropriate.

4.Itsuﬂpliesanominal12Vtotheaudioamplifierand 5V Pressing SW1 will increment the hours, and SW2 the
to all the logic ICs except the two fed indirectly by D2 minutes, of the chosen function. After each press the
and the standby battery. currentsettingwill be spoken. The new valueis stored by
+12v0 v 40 Fig. 5 (below) TBA810 heatsink. |
4 x 1N5401 12v , :
s @ é : 1%2A
| BV Orp— 7805
B mpE e pa ik |
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Construction

Building the clock should present no special pro-
blems to the careful constructor. The original was built.
on veroboard — wire-wrapping or Eurocard construc-
tion should do just as well. The use of IC sockets is
recommended. All the parts are easily obtainable. The
EPROM can be blown from Listing 1 or obtained ready
programmed along with all the other semiconductors
from Technomatic for £8.00 plus VAT and postage (see
their advertisement in this issue).

The voltage regulator, IC15, requires a heat sink, as
does IC14, the audio amplifier. The heat sink for IC14
may be bent from a scrap piece of aluminium to the pat-
tern in Fig. 5. The cooling tabs will have to be bentup as
shown in the figure. The TBA810S has a different tab
shape from TBA810AS, but should be useable.

SW1 to 4, together with RV1, must be mounted on
the outside of the case, all other switches should beinac--
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prgedssing SW4 again and ‘Clock Set’ or ‘Alarm Set’ is
said.

The set mode may be left atany time by pressing‘arm’
SW3, on which ‘Cancel’ is said. Alternatively simply
depress no buttons and after a ten second timeout the
clock will leave set mode.

Once set, the current time is spoken when SW1 is
pressed, and the alarm setting when SW2 is pressed.

To turn the alarm on, or off, press SW3, and the new
state, ‘Alarm On’, or ‘Alarm Off’, will be said. When the
alarm is on the clock will repeatedly say ‘Alarm’ at the
selected time. Pressing SW1 when the alarmis sounding
will cause the current time to be said.

To cancel the alarm when it is sounding, press SW3.
The alarm may be muted for ten minutes by pressing
SW2. At the end of this period, the alarm will sound
again, and may be re-muted as often as desired. If the
alarm signal has not been cancelled after about three
minutes, then the alarm will cancel itself.
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 CIRCUIT SOLUTION: Clock

Software 1120250001 82104081 RECOF770C7 932001023 10F 475

. 1AAZI0ODAFGZRA1021 05051 | ASPEC07ABLE1 @7 0596 |
dFIl%:l';ﬁ 7isa me'ﬁory map forthe clock. The EPROM 109220001 1 29BTEESDAGF AF 3Z0ROE7EESEI7TCORT
. 19920002701 E1D101F1CICDE4922 1 ASA4CD1 293R7
an occupy the bottom two.2Kbyte blocks, with - 162252000057 DACOESOSESFE 538 164E 2RRA 020500
the peripheral ICs at 2Kbyte intervals. The memor - 1002E0PPDA1 493380423231 BF SEISE2ITEEBTD1 2DA
. 16DZFAABA3A72A0E 21 SEASSF | 6071 9SERISEEELDED
addreszles are noérjully deccr)‘ded SOIa peripheral IC will | 109300901 2753E0OC0FAGPEL D 1F 1CONDAFAREDSTRC
10031 8ARGACOF SCSDSETH10 1 FFSE 355 25EBESAETS
reSpon tO any address within ltS block. ‘ . 197320087 CEE | 2RASCHDCRBES 1GEEELDICAF 16303
T : . 190330 RACDEARRE | EG4ED 12830921 T0F4CODETEE
T ik + 195340003%92C0F 3BACZ 160G4CD 1 2A3CSCD7F 2208
A e 1903500024 5 1 045D 2030 SR SESAARSPRCD0L AZGRDA
1 OBAAAROPRYRETSR0S DD 4221 AAE21CI04ED1 2030E

| 19037 00RARAAREE720ASE 1 FEAS18032140040DDE12
<1 A03E95RE3R1CRA4CH ] 260E 1 F 1090107991 1982A01
+ 122392202 FABREDBACDS90 1 321 209CDA70121 BEET
4 203P00294CD 1 2P3CEIRPARER7 72107 08BE7 7REDS
vk : 120380921 A733209 1 RCOEFRRNERS | 1001824220953
1AGRCEONTE | 2007 Y8209 ] 0231 OFSAF 32091025 158D
© 1 ABADOBGISLD] 2R ACSCTE5ER, AF 01 COFECSESPETS

L AARECReFEPERA2RREESCOF AR AFSC I LIFLLSCEST
| 1POATABGNAOE | BFEC. 0oL 4FE | AZDIRIARF2AABBEE
3001H . 1204200087 2DFF2AZ0 | RESFEHR 1 SORALRERASADFFSD
ESRALLENPORT. 30001 | RSE | Wse - 108416001 AFF1420FFOCA0E7RERE-F2E0CEOFF28B4
s i MBARARe2G A6 REFF 2ORFFOCAEFFO7 2DFF A7 ABFFaC
~t1BQéSB?EBB@S@BFFSSFF1828FF1?E5=F2EBFO§FFCS
: | 1224469902 ARFORFFR1 FRORRFEITFAAECOE1AFF 60
i SPEECH SYNTHESISER R 0004 | RSB | Wes - 1PR4SEPATTI7YDFECT 3T 0T 2R0EF S A7 AL 2337FFEDFT
' y . 120460021 IFEFFALATRSFT L DFF 1D34FS DO | 3FFAS
' UNUSED X © 180470900094 1 AFFADREAS2D2E-F AD2EA7ABFFADSF
2  1PEAREARLT F=9043FF2E‘=15dB="ﬁ'F‘=286329E2

R CONTROL PUSH BUTTONS ¥ 040, | 52 1094560920504 CaPT7 6P EF 64732031 39333528 RATT

: & P o0 EEd504 50044504 5404455

UNUSER Fana450450044304F= 027034318

\+ 1 BR4CANDEAFFEO342403UAAFEAFFAGLSO42DA443ET

READ/WRITE CLOCK DATA 8, | 753 | wes | AR4DBORDAEFARALDASARAASA4IANA4EA4ARA4 4BIB

| | P2AEQUPOAFFQOEAGASA4F BEGATAA P24 3A4FFGE

SHHSED i | 1094FEO0RNIAN443A4030445047 9044304 FFBROS4D

i | 10ASORANSE7R440D4ZF044TE4EEA44TBAZAR4TF 7R

Flg, 7 Mempsy e 1000H ws2 5 g : 1 GR51000041POSEEA4 I F244304FFORT 445045007

map of clock. {1 AASEAPO0AAGRLFFLIGLAF FAZST24FE07F Q4FFES

1 {P2EIROABRETO4FFEO24247F 0] FRAFF 0QBAR4FFAS

12A54000005404FFA21 247 FROI0T4FFABS304FFAS

0800H | RST | WS7 i 1 GRS SEANNE] TRAFFHATABAFF RGBS SNASEO4FFOa2419

: - 12286090845 B4FF LRI ER45FO4F SARTAISFO4FFES

£PROM ! i - 10957 000025404 TFB4FF02) 004 TF 94FFONIAD4TFEE

o 1295309004 FA07AR43204F S BR6234524F FOAZ44F

0000H| RSC | 100590000452047F 30 | HA4RAR04TFAD2S2525DSEDAT

: : 1235AP0203 1 9SS NONSR2TE00N4 1 PISEIT45054028

1 1993500005 1 QTS 2GES ORI SF@TSS9S6ReST 105 7TFD
: DEASCONAATPHATA30SEONTRFAIREYSEN

" A photocopy of the fully-annotated disassembled list- | : apeaasAiFe :
ing of the program (with comments) is available from p—— ) i -ET

RAM

ETI Photocopy Serivce (SAC), 1 Golden Square, London

W1R 3AB, if you enclose a stamped, self-addressed Happy M@M@ries

envelope and a cheque or PO made out to ASP Ltd. for
£3 (inclusive). The listing runs to 22 sheets of fanfold

paper. Part type 1off 25-99 100 up
The listing printed here (Listing 1) is a complete hex 4164 150nS Not Texas 95 2-85 -80
dump of the program. It's in Intel format — ignore the 2 =DNIo00 S 240 e G i
- o 2114 200ns Low Power 1.76 1.60 1.55
first four bytes of each line and enter from address 6116 150ns 1.40 1.25 1.20
0000H. 6264 150ns Low Power 2.75 2.45 2.20
= 10POPABD3195PECO5ARICORIVRCODS0ICDIIRIZALS | SganiGiasInsbiglt 240 2189 245
:igae1aaeaaae?casagaaéazzaagsmasésaszs1295 2732 450ns Intel type 2.70 2.40 225
v1eezzggganoagassarFEeggsEaesawFssm1EFBTx’tt 2764 250ns Suit BBC 1.0 1.70 1.65
5 77 4 ] H
RS MR LD ey bl AT H S 27128 250ns Suit BBC 2.45 2.20 2.10
1azasaeaaaaeza?aazazae;mgaazseaassﬁgggg ; 27256 250ns 3.85 3.45 3.20
R 00C70 42

| 10087 00EPS3RE388130 1 gsasaezegmonsemsazsc
: 1 20PSPRRAARINN1 303460332000 59921851301 46R3 ) .

- 199950 0PR30P0BRRABY | SR 1 3PE0F @1 881302460351 Low profile IC sockets: Pins 8 14 16 18 20 24 28 40

: 1090APON32PRETASEAI200054603007800ASA188CA i

: 10905292 1303DF21 9813034 £930202293RRIRCDCRY Pence 5 9 10 11 .12 15 17 24

+ 1 APBCORARS2BRA1 ARANRAAEIT2LA1 043023209054

11000D0R22501 3200A52501 320005950 1 9ACBRALBRS : : q
,1agagggaaaaagagac?gzzazggeasg13233@5;2%09 Available now — The ROAM BOARD for the BBC Micro.
+ 100F0BOI2AADEI20R20F SCSBER 1 3RDBRBA120F AR ; i

11091028901 F 109219F24C012032 | 03297 EFEQD2EFE Re?ds Roms via a Low Insertion F°r°e, Spcke} an,d SAVES
:19211020073E001 136041 A0S3EQA1 1 13504CDE7014D their contents as files, then reloads a file into its sideways
11091 2202 77EBCDDCAIIEORCOF 3RECFREDRIZATOB7TF .

1 1001 3BOACIRARIAAF ERR2R2SFED1 COCD?FR2BEQIIE Ram as required.

: 109142021 1830821 1306 1 REECH231 31 BF93EQ23209 { Full details on request.

11001 509093093E04320298212C21 22002621 F32382
: 10@16@20CDDCAIREYACOFIBOCICIETNCA721 QB2B2E

10017009 7231 OF BAC SFSES?E . 1 . ; .
s Fas s R LR PR (G 2 74LS series TTL, wide stocks at low prices with DIY discounts
. 1 180150002 1 OFPEECBRE 10 1C1CICIIRBARRESOF 2016 ; i of i ; ; ) ;
Fig. 8 (above and .og1roar0s21Freacoi zoacsz1 07ag7E0707070780 starting at a mix of just 25 pieces. Write or ‘phone for list.
R e
1192100 7 P97EICFE .
Intel format hex : 122100001 12R081RZFEES1 125E0177C05703CI21FS Please add 50p post & packing to orders under£15and VAT
: 1091 EePPR4R7EICFEGRRBBR2A7EICFEOSIDA1AFAS , i
dump of {061 FonarraBAE- 721 0087 E LFEACASRLAF PCOES to to,t?l' Access orders by phonp or mail welcome.
clock - 1292009057 A3CSAF 32029367 6F 220008C06581 2185 Non-Military Goverment & Educational orders welcome.
program. . :gp2:00012008E2620210394CD1 2033RA02OEEAFIS £15 mini
mezzeaﬁr-'sarzamm 070201 1940321 36A2EDBALDCD minimum.
19 1R3LDASAAT 920190281 3E01 3272 :
1902450003065 1 1 AT ECEORFEACAR1647237EICED
1@02500RFEADSRO9ZA7ERFESR 1 77 2B3ERL TP2E7SAR
. {DD2EROBDEACT LI ICROSESR10780110405210877 | HAP.PY MEMORIES (E.T D,
mnzmmasosc«gimmsesewawlcmC§F=ﬂ° Newchurch, Kington, Herefordshire, HR5 3QR.
A2 P2 COEFRA =
EDEESOE 12793200 1600EF 9326041 10937 Tel: (054 422) 618
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TECH TIPS

Variable Rate Joystick Autofire

Later models of digital joystick on
the market have an autofire
feature. This circuit adds variable
. rate autofire to those joysticks
without it.

With computers having nine-
way D connectors for their
joysticks, it is possible to obtain
the 5V direct from the computer
connector. The input of this circuit
needs to be connected to the live
side of the joystick button and the
output to the button sense input
on the computer.

Matthew Burt
Bournemouth

IC are used. The first buffers and
inverts the input signal, the second
is configured as a gated oscillator

and the third drives the output.

transistors. SW1 kills the circuit
and restores normal operation.
LED1 gives a visible indication of
the button firing rate.

The current drawn is dominated
by the LED’s requirement of about
15mA, so no problems will be
found using the computer's 5V rail.
Wwith the components shown the

firing rate can be varied between-

about 1 and 40Hz.

Three sections of a CMOS 4093

OFF/ON.

R1
a7

| ed—
FROM

T0
BUTTON
SENSE
JOYSTICK ]
. BUTTON * . c1
LIVE 22u & - 5
N ‘ TANT | NOTE: - .
IC1 = 4093 b Qi1
@1,2-BC183
: —QO oV

QO +5V

Program Cuer

LM. Loong
Hong Kong

To save having to store many short
tape cassettes | once used with my
Apple 11+ computer, | re-recorded
them on to C60 tapes but then |
found it annoying not knowin
when one program ended an
another began.

Ideally the cassette recorder
used with a computer should have
a digital counter for ease of
locating the start and end of the-
required program. However, the
lack of a counter can be mitigated
by a voice recording the load-
ing details before the program
starts to load and the running
instructions at the end of the
program.

As the loudspeaker is
automatically disconnected when
the jack plug to the computer tape
input is inserted, the following.
simple modification will permit a .
small amount of audio to be
routed to the loudspeaker, and
thus the user can monitor the start
and finish of any program.

The only requirement is a
resistor of about 180 or 220 ohms,

Low Cost Door Alarm

This circuit is designed around a
low cost CMOS IC and provides a
battery operated door burglar
alarm with both entry and exit

$.B. Tweedy BSc
Tynemouth

~The unit should be housed in a
small plastic box and mounted on
the back of the door to be
protected, and a small bar magnet

on the door frame, within range of

delays.
l_(_)l: STANDBY
3

. _REEDJ .
swn‘cuf w1
o i ? i

% . R
R1 . . 470k
M0

+av

NOTE:
IC1 = CD4093
Q1 = ZTX500

_ D1,2,3-17N4148

56

the magnetic reed switch in the
alarm box. The unit is therefore
self contained and requires no
wiring to install.

To use the alarm, turn the
keyswitch from STANDBY to ON
and leave the house, closing the
door within 15 seconds (set by
R2,C1). The alarm will now arm
itself and is triggered by the door
being opened. The R-S flip flop
buiit around. IC1b and e is set
and C2 begins to charge via R4 to
produce the entry delay (20
seconds). If the wunit is not
switched back to its standby
mode, the voltage in C2 reaches
the threshold value of 1C1d and
the piezo buzzer is energised by
Q1. The unit can be reset at any
time by switching the keyswitch
back to the STANDBY Mode.

The supply current of the unit in
either mode without the alarm
soundin% is small enough to
provide long term operation from
a 9V PP3 battery.
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I i v
m A1 . SKT
180R-220R :
. .

QUTPUT &
TRANSFORMER
) Ls1 -

i

and a rating of a quarter of a watt.
This is connected across the
normally closed contacts of the
jack socket.

Plug the cable to the computer
input into the cassette recorder
and play back any tape, computer
or music. Then bridge between
any two contacts on the socket
with the two ends of the resistor
.until sound can be heard coming
from the loudspeaker at a very low
volume when the volume control
is turned up to it's usual position
for = loading tapes . into. the
computer.

Cut the resistor leads to length
and fit insulating sleeving to them
before soldering the resistor across

Speaker Mute

K.S. N.g
Rotherham

The reader may presently have an
amf)lifier which exhibits a minor
fault

can be heard when switching on.
The circuit here has een
designed to eliminate that. It also
does a bit more. When the
amplifier is switched off its
reservoir  capacitors  discharge
slowly, but the speakers are
disconnected early so that the

input signal cannot be heard
‘sizzling’ down.
When switched on, current

passes through R1 and charges up
C1. Q1 remains switched off until

in that an annoying thump-

against the supply vo

the voltage across C1 exceeds that
of ZD1, in about 0.5 second.
When Q1 conducts, the rest of the
circuit activates the relay, which
in turn switches the speakers on.

When the amplifier is switched
off and the supply votage falls
below the value of D1, Q2 will
stop conducting. Then Q3, the
relay and the speakers will be
switched off immediately. A
simple remote switch SW1
attached to the base of Q3 can
mute the speaker output.

My amplifiers power output
section has a 32-0-32V supply, so
ZD1 was chosen to be 25V. With
any other amplifier, the value of
ZD1 should be around 2/3 of the
power output's +ve supply rail
Also R7 should be chosen to suit
the relay’s operatinF parameters

ta

ge.

+32V.0

-
S
47k

c ]
10u =

D1

RLAT

© NOTE:
Q1=BC182 .
az=8C212°
. Q3=BC441
D1 = 1N4001
2D1 = 25V ZENER
RLA1 =8-15V, 180R DPDT RELAY

theseltwo points. The job is then X g
complete. =, 4 i) v e
= .
EIeCtronlC Odometer i 'A'b'é‘,’f,’:;:,s"" This device was designed to
e B T R N , v .+ measure distances : (up rt\;)
i : ' 1 19.999km on a normal (26 inc
s5v WM s “i bicycle wheel, the circumference of
A1 100n 1 l‘l“" whichis 2.111m.
LS gien L 2 L e e izhiy The circuit requires a detector
ws 2 el L&t i e ce ol mourt1_ted on the Iwheel SO r:hatt a
124 s . negative-going pulse on each rota-
= . T I i SeTTe] Tz tio% sets the latch formed by IC5a
L il 1 . and b, enabling the astable, IC1.1C2
1onT 10 nez counts IC1’'s output pulses until Q,,
=5 o =Bk S goes high (after 1024 pulses), at
1C4'~ 4047 the same time resetting itself and
=5 Ice - 4063 the latch.
§§ LCD = 4% DIGIT LCD DISPLAY The |1024 pUlseS l&é% SII‘TUI-
w taneously counted in whose
5l outputs are gated to reset the chip
T 1 %,“D%k after 485 pulses. This counter will
U : have reset itself twice and will be at
% binary 54, so for each revolution the
Leo BT A £ output is 254/485 or 2.111.
[0 5 sroRe : The pulse to reset IC3 is
S 1 e N A stretchecf by 1C4 (a monostable)
ﬂrj—l——i and fed to IC7, a counter IC
which drives the LCD display.
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E8107-1

E8107-2
E8108-1
E8109-2
£8201-2
£8202-5

E8206-5
E8208-1

E8212-1
E8301-2

£8305-3

E8305-5

E8307-2
E8308-1

E8308-2
£8309-1

E8310-3
E8311-1
E8311-8
E8312-3

E8402-1
E8402-2

E8402-3
E8402-4
E8402-5
E8402-6
E8402-7
£8402-8
£8404-2
E8405-1

£8405-2
£8405-3

System A Disc Input bd

MGEIMM T e L B F
System A Preamplifier Main ... K
System A Power Amp ........ L
System APSU ............... F
InfantGuard ................ ©
MM Stage Disc Preamp

(Tilsbrook) ................ G
logicllock oo.iaob. ... F

Playmate Practice Amp 3bds
SA1
ELCB
Analogue to d|g|ta| conv (ZX81/
Spectrum)

Dual Audio Power Supply,
LinsleyHood .............
Balanced Input Preamplifier
........................... F
Flash Trigger-sound orFR ..... F
Graphic Equaliser
B Oct/Chnl ...... . XE- M
Servo Fail-safe .............. @
NICAD Charger/Regenerator
........................... B
Typewriter Interface - EX42 ... F
Mini Drum Synth ............ F
Moving Coil Pre-Preamp ..... F
Light Chaser EPROM Controlled
(2 Boards) ................ K
SpeechBoard .............. M
Modular Pre-amp Disc Input
HMIEINE) 060 0 906 06 06 ABB 6 Aa g0 0 F
Modular Pre-amp Stereo
Output ......covvvvninnnn F
Modular Pre-amp Relay,
RSWSr oo M AN A2 T . F
Modular Pre-amp Tone Main
MONGL L. TR Ay F
Modular Pre-amp Tone Filter,
S ™ 0 00 606000 oh GOB0 6 60 F
Modular Pre-amp Balanced
Output .......covvivrennnn F
Modular Pre-amp Headphone
(M) 66086 0 300 0 0 00 Bo 300 Ah 56 F
Mains Remote control Receiver
........................... F
Auto Light Switch ............ F
ZX81 EPROM Programmer ... N
Mains Remote Control

Transmitter ...............

£8405-6

E8405-4

Centronics Interface .........
Drum Synth ......... 0p00000 1

E8406-1 Oric EPROM Board ......... (0]
E8406-2 Spectrum Joystick ........... H
E8406-3 Audio Design RIAA Stage ....G
E8406-4 AD Buffer/Filter/Tone ....... H
E8406-5 AD Headphone Amp......... F
E8406-6 AD Preamp PSU ............. K
E8406-7 AD PowerAmp ............. H
E8406-8 AD Power AmpPSU .......... J
E8406-9 AD Stereo Power Meter ...... F
E8406-10AD Input Clamp ............ C
E8407-1 WarlockAlarm.............. M
E8408-2 EPROM Emulator ........... N
E8408-3 Infrared Alarm Transmitter ... E
E8408-4 Infrared Alarm Receiver ...... F
E8409-1 EX42 Keyboard Interface ..... F
£8409-2 Banshee Siren Unit .......... F
E8410-1 EchoUnit .................e F
E8410-2 Digital Cassette Deck ....... N
E8410-3 Disco Party Strobe .......... H
E8411-5 Video Vandal (3boards) ..... N
E8411-6 Temperature Controller .....D
E8411-7 Mains Failure Alarm ......... D
E8411-8 Knitelight. ................ D
E8411-9 Stage Lighting Interface ...... F
E8411-10 Perpetual Pendulum ......... E
E8412-1 Spectrum Centronics Interface
........................... F

E8412-4 Active- 8 Protection Unit.....F
E8412-5 Active-8 Crossover.......... F
E8412-6 Active-8 LFEQ.............. F
E8412-7 Active- 8 Equaliser........ hool?
E8501-3 Digital Delay (2 boards) ...... T
E8502-1 Digital Delay Expander ...... N
E8502-2 Datalogger ................. J
E8503-1 Combo Preamplifier ......... F
£8503-2 THD Meter mV & oscillator

i bds (2 boards) ....... EREIK
E8503-3 THD Meter Mains PSU . ........ F
E8504-1 Framestore Memory ........ M
E8504-3 Framestore Control ......... N
£8504-4 Buzby Meter ......... SE Anae E
£E8504-5 CCD Delay.................. F
E8505-5 Stereo Simulator...... renaaas F
E8506-1 Audio MixerMain............ J
E8506-2 Audio MixerPSU ............ F
£8506-3 Audio MixerRIAA ........... D
E8506-4 Audio Mixer Tone Control ... D
£8506-5 EPROM Prog MKIl .......... (o)

E8508-1

E8508-2
E8508-3
E8509-1
E8509-2
E8510-9
E8511-1
E8511-2
E8511-3
E8511-5
E8511-7
E8511-8
E8511-9
E8512-1
E8512-2
E8511-3
E8601-2
E8601-3
E8602-1
E8603-2

E8603-3

E8604-1
E8604-2
E8604-3

E8604-4

E8605-1
E8605-2
E8605-3

E8605-4
E8606-1
E8606-2
E8606-3
E8606-4
E8606-5

E8607-1

E8607-2

E8607-3
E8608-1
£8608-2

E

RL Bridge

EX42/BBC Interface.......... E
EPROM Emulator ............ L
Spectrum| .. .. . L R F
Direct Injection Box ......... E
Sunrise Light Brightener...... K
MTE Waveform Generator ... H .
Millifaradometer ............ H
Cymbal Synth................ J
Chorus Effect ............... H
Enlarger Exposure Meter ..... F
Switching Regulator.......... E
Second Line of Defence ..... M
Specdrum connector......... F
MTE Pulse Generator ........ H
Specdrum............oiee L
Walkmate ................u.. L
MTE Counter-timer ......... M
Digibaro...............oouts (0]

Programmable Logic Evaluation

Board ...........ciihinne H
Sound Sampler Analogue

Board .............oieinnn R
JILHPAPSU ................ H
Matchbox Amplifier ......... C
Matchbox Amp Bridging .

Version...........oooean C
MTE Analogue/Digital

Probe .............. TLELY: M
Microlight Intercom ......... E
Baud Rate Converter ........ M
Baud Rate Converter

PSUBoard ........... ~..G
Portable PAPSU ............ H
Midi-CV Converter Board .... H
Midi-CV Converter PSU ..... D
Troglograph ................. F
80m Receiver......c........ H
Sound Sampler........... ...R
Directlon ................... E
Upgradeable Amp, MC stage

(Stereo)..........ccenen.n. G
BBC Motor Controller........ F
Digital Panel Meter.......... G
Upgradeable Amp, MM stage -

(Mmono) .....vvvvennnnnn.. H
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Please use the form below (or a that com(fgle'x-- projects are usually
photocopy of it) to make your published in several parts. iy
order. Be sure to quote the board = Our terms are strictly cash with
reference number and price code order. Unfortunately, we cannot
correctly - mistakes will delay your accept official orders, but we can
oder. ~  supplya pro-forma invoice for you
- The board reference number to raise a cheque against. We must
tells you when a particular project stress, however, that your order
was published: the first two will not be worked on until
numbers are the year and the third payment is received. F K

and fourth numbers tell you the = The boards listed below are all
‘month; the number after the that are available at the moment.
hyphen indicates the particular We hope to make more types
project. Re-prints of all articles are available in the future, but no
available for a small charge from details will be available for some
our photocopy service - see the while (so please don’t phone us to
separate page (not printed in ast. TR SRl RIS R

every issue of ETI). Please note y )T |

W L

e RO N A

Please allow 28 days for delivery

ORDER FORM

TO: ETI READERS’ SERVICES DEPARTMENT
Argus Specialist Publications Ltd ]
PO Box 35, Wolsey House, Wolsey Road,
Hemel Hempstead, Herts HP2 4SS, UK

1
I
I
I
1
I
I
I
I
I
Please supply: :
'
I No. requiredBoard reference Price Price each Total for I
I pertype  number letter £ board type £ :
I
I E - £ p £ p k
I E C £ p £ p .
1 E - £ p £ p 1
1 E - £ p £ p !
I l
I I
l I
i '
i I
" I
Price Price (inc VAT) . POSTAGE & PACKING 52 0.75p »
Fode £ ! TOTAL ENCLOSED £ oot
C 1.80 : i
= 239 ! ORDER TO BE SENT TO: (BLOCK CAPS PLEASE) :
F 4,00 !
G 475 - Nameihalse, . . 4. 0% e ale J ot W L o s S !
H 5.50 1 ‘ :
J 6.62 1 ]
k i " A eSS T Er R UL L e ot R, SRR Rebai i
L 8.80 ] [
M 10.60 P A B, R L T L M B e 2 e T e ’
N 13.10 . I
0 15.80 1 .
P 17.90 1 EEEHIE 0 AT 00 000 0 d 0.8 0000000 ba ot A B R ol aligomgt A0 O ado i oD 6 O "
= (0] 21.80 1 "
R 23.90 U Postcode .70 . b dda T, e e ST 1S T (D TR o A AE o
S 25.90 1 3 ' !
T 29.00 I (Make cheques payable to ASP Ltd) v :
o gg'gg ! ACCESS and VISA credit card orders can be taken on 0442 41221 |
W 2790 : (office hours only). .
X 40.70 I 1
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by board and thus afford a system which would normally be
out of your reach and/or understanding.

Interak 1

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

Universities, Colleges, Industry, Enthusiasts:

Unlike home computers, development systems haveentirely
"open” architectures, use standard TTL etc. chips (ie no
ULA's!), and are built in a proper engineering fashion. Usu-
ally these superior products carry a correspondingly
superior price tag, but you can build Interak yourself board ‘

° o | e ° o |o °
1= o & 8 o

Interak 1's greatest asset - space for expansion. L

g =] =

. ]
o © {Up to 7 more cards, each 4%" x 8") = el =)

° s

: YOUR OWN EXPANSION Disx 2% 1 MBYTE 3%°
22| o] 68" | (EG SPEECH. SOUND, EPROM, PRINTER, MOOEM, TAFE. ] e | N A TS|

uses plug in 4.5" x

it has stood the test of time.

AELAY. CONTROL INTERFACING, ETC. ET(

The initial development system has 64K of RAM, a 4 MHz
Z80A CPU, parallel ASClI keyboard interface, VDU Interface
(TV setor monitor), anda floppy disk driveinterface forupto
4 drives. Any size (including 8" double density) can be used,
but our 1 Megabyte 3.5” drives are proving very popular
because they can fit into the system rack, (and they only
cost£87.00each + VAT). CP/M 2.2isavailable, givingaccess |
to thousands of “public domain” programs.
The system can be described as “future proof” because it

8" cards in an industrial quality 19” 3U 4
rack. We have been established since 1970, and this system 4
wasfirstmadein 1977 so (unlike almost all other computers) #

Send two second class stamps, or telephone for a

detailed descriptive leaflet, specification, prices, etc. ./ J
N Greenbank:

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

OMNI ELECTRONICS

‘VISIT SCOTLAND’S NEWEST
COMPONENTS SHOP’.
We stock a wide range of general
electronic components, send now for
our 21 page catalogue price 20p + 12p
p&p or call at the shop Mon-Fri 9.00am-
6pm. Sat 9am-5pm.

174 Dalkeith Road,

Tel:031-6672641  Edingburgh, EH16 5DX |

AUDIO KITS
PRECISION AUDIO COMPONENTS

ETI VIRTUOSO PREAMP
Component Kits incl PCB .
MM Stage standard VErSiON ..:.....ouiiuiuneneunrenenneinnenarnae s
MM Stage super version ................
Ultra low noise Transistor 2SB737 (pnp).
Ultra low noise Transistor 28D786 (npn) .
PORTABLE PA BY J. LINSLEY HOOD (Apnl
Component kits (pcb and case not included)
DE-DE.ConNVerterct .. .on . . orotivmtyor . . ok% e RNy . v 5. Mkl L8 odl ot

B-A. AMPlifi€lotia. . . . Somomtorsg -« - 3ol v qiloiefe Snassioge oo e =45 o 31 sxel Mo Roueshore o oeme

TOP QUALITY COMPONENTS FOR ET! AMPLIFIER PROJECTS (SYSTEMA, MODU-
LAR PREAMP, AUD!O DESIGN). SEND US YOUR REQUIREMENTS:

ALL KIT COMPONENTS SUPPLIED SEPARATELY.

SAE FOR PRICE LIST
AUDIOKITS, 6 Mill Close, Borrowash, Derby, DE7 3GU

Telephone 0332 674929

DSCILLOSCDPES
TELEQUIPMENT D75 Duat Trace 50MHz Delay
SWEBD . v e e ve et £200
COSSOR CDU150. Dual Trace 35MHz Solid State.
-Portable 8x10cm display. With Manual . ... £200

TELEQUIPMENT D61 Dual Trace 10MHz. With
Manual ey o pe-, - S Blphdi. o prid . mpig £150
S.E. LABS SM111. Dual Trace 18MHz Solid State.
Portable AC or External DC operation 8x10cm
display. With Manual . ................. £150
TELEQUIPMENT D43. Dual Trace 15MHz. With
Manual 9y - ol BB B - e s £100
TELEQUIPMENT §54A. Single Trace 10MHz. Solid
State. With Manual .. ................. £110

COMMUNICATION RECEIVERS i
Racal RA17L 500kHz-30MHz . . . ONLY £140 each with
manuat

GOULD 08258. Dual Trace 15MHz .. ..... L. z200

PHILIPS DIGITAL MULTIMETERS

4 digit, auto ranging. Complete with batteries and
{® &9225]

eads
TYPE PM2517X (LCD) ...t

MULTIMETERS

AV0 9 Mk 4 (Identical to AVO B Mk 4 but scaled dif-

ferently) Complete with Batteries & Leads. .. £55

AVO 8 Mk 2 Complete with Batteries & Leads£45

Above |tems in GOOD WORKING ORDER - appear-

ance not A1 hence the price

AVQ TEST SET No 1 (Military version of AVO 8)

Complete with batteries, leads & Carr\éing
. 265

carrying case
AVO Model 73. Packet Mu
ranges. Complete with batteries & leads.
AV072 - Similar to above but no AC curr
With batteries & leads

DVANCE AMIFM SIGNAL GENERATOR Type SG63A
.5-2 £7 5

20MHZ ..o 245
ADVANCE AM SIGNAL GENERATOR 150KHz-
220MH 7 48 ermr b oY i coage - cuclel e o £30

METRIX WOBBULATOR Type 210, 5-220MHz . .. £20
PHILIPS WOBBULATOR GM2877S 5-220MHz & 440
BBUMH 2B .. srowsyarsr(oisy et g roselles ok oxe os0ncas

(P&P £4)

VIDEO CIRCUITS V31A CRT ANALYSER/BOOSTER
(Scratched Case)
WAYNE KERR COMPONENT BRIDGE B52i (CT375)'
100uH-500KH; 1pF-5F; 1 mifliohm-1000Mohm . . . £35
RACAL 32MHz UNIVERSAL COUNTER TIMER Type

836
MARCON| TF2604 (Later version of TF 1041 VTVM)
Zggz 1500MHz; AC/DC/Ohms AC  300mv- 300V

MARCONI VALYE VOLTMETER TF2600 10Hz- 100MHZ

L £40

PHILIPS COLOURBAR "GENERATOR type 5501

I T £100
508. Vi

out. Many Fungtions
TES FIELD STRENGTH METER type HC
S8 (PEP £5). ... veenes e enneeannnnn 80

ISOLATING TRANSFORMERS
240V INPUT - 240V OUTPUT
500 VA £15ea P&P £5 200 VA £8ea P&P £3

AVD TRANSISTOR TESTER TT169
Handled. GO/NO GO for In-situ Testing. Complete
with batteries, leads & instructions.

(p&p £3) NOW ONLY £12

HEW EQUIPMENT

HAMEG OSCILLOSCOPE 605. Dual Trace 60MHz

Delay Sweep. Component Tester............. £515

HAMEG OSCILLOSCOPE 203.5. Dual Trace 20MHz.

Component Tester. .. ......oeovevueenennnn £270
Al Other Models Available.

PROFESSIONAL 9" GREEN SCREEN MONITORS
made by KGM for REUTERS Gives quality 80 column
X 24 line display. Composite video in. Cased. Good
condition .. .... ... ONLY £32 sach
DISK DRIVE PSU.240V 1N; 5V 1.6A & 12V 1.5A out.
Size: W125mm, H75mm. 0180mm. Cased. Un-used.
Only £10.00 each (P&P £2)

Qwerty keyboard (as in Lynx Micro). Push to make.
Casedlcras: - - imos JhaEl D £5 nach (P&P £2)

- Meteor 100 - 1GHz

BLACK STAR FREOUENCV COUNTERS P&P £4
Meteor 100 - 100M £99
Meteor 600 - GJOMHZ

BLACK STAR JUPITOR 500 FUNGTION GENERATOR.
Sine/Square/Triangle. 0.1Hz - 500KHz,_P&P £4 §11

HUNG CHUNG DMM 6010. 3% digit. Hand held 28 ranges
including 10 Amp AC/0C. Complete with batteries & Ieadss
£4 £33

Various 5 "
Motors Available.

Floppy Disk Drives and Stepping :§ ¢2

Used equipment - with 30 days guarantee. Manuals suppiied if possible.
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for Lists. Please check availability before
ordering. CARRIAGE all units £12. VAT to be added to Total of Goods & Cariage.

STEWART OF READING
& 110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Telephone 0734 68041Callers welcome 9 am - 5.30 pm Mon.-Fri. {until 8 pm Thurs)

: Master \
Eleclronics -~-Microprocessors

-Now! The PracticalWay!

& Electronics — Microprocessors
— Computer Technology is the
career and hobby of the
future. We can train you at
home in a simple, practical
and interesting way.

@ Recognise and handle all
current electronic components
and ‘chips’.

@ Carry out full programme of
experimental work on electronic computer circuits
including modern digital technology.

‘® Build an oscilloscope and master circuit diagram,

@ Testing and servicing radio — T.V. — hi-fi and all types of
electronic/computer/industrial equipment.

NewJob? New Career? New Hobbv ?

SEND TH{S COUPON NOW._

FREE! COLOUR BROCHURE OR TELEPHONE US 062 67 6114

OR TELEX 22758 (24 HR SERVICE)

| Please send your brochure without ahy obligation to |
§ name I am interested in ]
| [__1ELECTRONICS 1
j hoemes ' —— [—__1MICROPROCESSORS 1
12 = 1 RADIO AMATEUR LICENCE §
|E : 1 CITY & GUILDS EXAMS i
| : Other Subjects . ............... .. i

| British ationa Basin & Bleotronics Schoal PO.Bax 7, Teignmonth.Devan.Tq 4 CHS|
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OPEN
CHANNEL

The recent demise of an Ariane
rocket (which suffered a booster
failure and had to be destroyed
minutes after take-off) begs a seri-
ous question: is the future of space
communications via satellite in
doubt? If it is (which | think is the
case) then a second question
arises: what are we going to do
without space communications
via satellite?

With America’s space shuttle
service out of commission for an
indefinite period and problems
with Ariane, there appear to be
few other possibilities for getting
new satellites up into orbit for
commercial communications
needs, Althoughthisshouldn’tbe
too great a problem yet, it will be
if the situation persists.

As new as these communica-
tions services are, the world has
already come to rely on them in
no small way. If current satellites
aren’t replaced as they come to
the end of their useful life and
new services aren’t launched, the
world's communications systems
will slowly grind down. In the
limited time since satellite com-
munications -began, existing
communications have been trans-
ferred to satellites and new satel-

lite communications systems have
been inaugurated. In short, com-
munications now rely on satellite
services to such an extent that
they could not easily return to
using earlier technologies.

Perhaps (but only perhaps) the
problems with the space shuttle
and Ariane will soon be sorted
out. Let’s hope so.

(0 1]]

Opensystems interconnection
development has had a recent
boost with Burroughs announce-
ment that they are to set up a
European Network Systems Divi-
sion in Bracknell. Burroughs aren't
slow to see that early involve-
mentin OSl is essential if they are
toimprove or even maintain their
position in the communications
world.

Eventually, of course, all par-
ticipating companies will benefit
from the development of OSI
(which allowsall connected com-
putersto communicate), although
it has taken some other large
organisations a long time to see
the potential. Burroughs move
into the European market with
this division shows how the com-
pany intends to realise OSI's
potential worldwide.

Optical Fibres

By 1991, it appears, a whole
new network of optical fibre links
will be laid between Europe and

North America, forming a new
high-transmission-rate ~ sefvice
between the two continents. Five
organisations (BT in Britain, AT&T
in the USA, Teleglobe in Canada,
Telefonicain Spain, andthe French
PTT) have agreed to develop the
network and are anxious to hear
from organisations in other coun-
tries who would wish to share in
development costs.

An extremely high transmis-
sion rate of 565 Mbits per second,
transmitted at a wavelength of
1.55 microns ensures that the
network (codenamed TAT9) will
be the most up-to-date of its
kind.

High-definition Television

Finally, European broadcasters
have won a battle against the
Japanese and North American
broadcasters whowishtheirhigh-
definition television (HDTV) sys-
temtobethe worldstandard. Ata
recent CCIR meeting the intro-
duction of HDTV, a completely
new system, was blocked and the
European MAC television system
was given the go-ahead.

MAC (multiplexed analogue
component) is really an adapta-
tion of the existing service,
whereas HDTV is an 1125-line
television picture with a field rate
of 60 Hz. HDTV thus suits North
American and Japanese mains
power requirements eminently

but it doesn’t suit the European
mains frequency of 50 Hz. Even
though the Japanese and North
Americans say the conversion
problems only require some
developmentwork, there remains
the further problem of non-
compatibility with existingtelevi-
sion equipment. The European
argument is that users of existing
receivers will not wish to throw
their televisions in the dustbin
simply to buy a more expensive
television receiver — even if it
does give a better picture,

Pictures received on MAC
receivers are not of such high
qualityas HDTVreceiverpictures
(nobody denies the HDTV superi-
ority in this respect), but they are
much better than the existing
system’s pictures. More impor-
tantly, users of existing receivers
will merely need an adaptor to
receive the signal, albeit at no
better picture quality than at pre-
sent. And the adaptor is most
likely to be included in-a satellite
reception converter, thus cush-
ioning its impact to the purchaser.
Users with the money and the
desire for higher quality pictures
will also buy a MAC receiver,
probably as part of a complete
package with the converter.

This setback for HDTV is, how-
ever, onlytheend of abattle. | am
sure the HDTV proposers will say
the war has yet to be won.

Keith Brindley

REVIEW

BASIC ELECTRONICS THEORY WITH PROJECTS
AND EXPERIMENTS (2nd Edn.)

Delton T. Horn.

TAB Books Inc. PO Box 40, Blue Ridge Summit,
PA 17214. 665pp, Price: £17.00 (paperback)

Delton T. Horn could only be an
American name, and this colonial

offering might well be likened to-

mom’s apple pie: rather awful
pastry surrounding an excellent
filling. In his opening chapter Mr
Horn rushes through essential
theory like John Cleese in the
European Tour Sketch, managing
to confuse elementary ideas as
he goes. For example, when des-
cribing a wet cell: "Copper gives
up electrons easily (it's an ex-
cellent conductor) ...”. Such an
unsound start does not inspire
confidence.

Fortunately things do improve,
although there is an irksome ten-
dency to gloss over important
~ detail whilelabouring fairly minor
points. | suspect that few people

7

will benefit from the picture of an
American mains socket; apart
from anything else the photo-
graphs have all the clarity of an
EEC directive and just.as much
grain. Similarly, the five pages of
diagrams showingthe numbers 0
to 9 on a seven segment display
are, like the proverbial drun-
kard's lamp-post, used more for
support than illumination.
These criticisms apart, the im-
portant chapters are well written
and follow a logical, traditional
sequence as Mr Horn takes the
reader from Ohm’s law to ICs. An
interesting feature is the inclu-
sion of multple choice ques-
tions at the end of each chapter:
although entertaining, these
seem designed to test whether

one has read the bookratherthan
one's knowledge of electronics.
They also rely heavily ona‘none
of the above” option, Wwhich
suggests some lack of thought in
‘their preparation.

| can be more enthusiastic
about the experiments and pro-
jects which are presented in the
three chapters within the main
body of the text. These describe
do-it-yourself demonstrations of
the theory, showingthat this is in
factaselfinstruction guide forthe
beginner, not a reference book
for the initiated. Although there
must be hundreds of books on
basic electronics, and perhaps
thousands on home construc-
tion, very few bridge the gap bet-
ween theory and soldering iron
so effectively and the author isto
be congratulated for this.

With the closing chapters the
reader is whisked off at speed
once more, this time through a
catalogue of all things electronic,
and again the emphasis is on the
superfluous and irrelevant. The
section on computers imparts
little more than the fact that
home micros are small plastic
boxes with keyboards. I'm as
impressed as the next man with

thelatestadvancesjn micro-elec-
tronics, but this does not stop me
from getting browned off at being

. told how wonderful it all is at
every turn.

Since Basic Electronics Theory
is a beginner's book, a few words
are needed before anyone rushes
off to spend £17 on their favour-
ite grand-child. Because the:
author is, through no fault of his
own, American, he uses all-nu
(sic) star-spangled spelling and
calls valves ‘tubes’. | find this sort
of thing galling in the extreme,
but that is simply a-personal pre-
judice. More seriously the des-
criptions of television are based
on the US system as opposed to
PAL and the notes on AM stereo
broadcasting do not apply in
this country.

The book is neither cheap nor
perfect, but nonetheless deserves
to dowell in competition with its
rivals, If Mr Horn is planning a
third edition, | should advise him
to concentrate on. pages 21 to
564 at the expense of the rest: as
every Briton knows, exceedingly
good cakes do not have too
much pastry.

Nicholas Hacking
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PLAYBACK

The Compact Audio Cassette
has been the standard format
for home recording for many
years. As it developed from
rather lo-fi beginnings, the
once-popular open-reel
machines declined into near
oblivion. So the audio cassette
became the unchallenged
medium as improvements in
tape formulations, cassette
mechanisms and recording
heads transformed it into the hi-
fi unit we know today.

The boom in Compact Disc,
with its many advantages over
the vinyl LP, has stirred up
interest in applying digital
techniques to tape. Would
digitally recorded tapes offer
the same order of improvement
over conventional cassettes as
CD does over vinyR |s theé reign
of the analogue audio cassette
near its end?

Until now, digital recording
equipment has been rather
bulky and expensive. The snag
is that, instead of a frequency
response of around 10kHz or
just over, a full audio range

digital signal needs a response
of over 2 MHz. To handle that
sort of bandwidth we need a
video recorder, and to encode
the - signals we must use an
analogue-to-digital converter.

However, with an eye to the
next consumer boom product,
the tycoons from the land of the
rising sun are busily working on
the prototypes for domestic
integrated  digital recorders.
Formats are already
proliferating. Basically there are
“two systems, the R-DAT and the
S-DAT. The Rotary Digital Audio
Tape System, uses helican scan
heads like a video recorder,
whereas the Stationary Digital
Audio Tape System, employs a
stationary head.

Simultaneous Tracks

How does the S-DAT system
get the necessary bandwidth?
By laying down 20 simultaneous
tracks using a head which
employs thin-film semiconduc-
tor technology. Tape speed is
the same as for conventional
audio cassettes, but R-DAT uses
tape at only one-sixth of that
rate. The cassette size of R-DAT
is marginally smaller than
S-DAT, (both -are smaller than

e e S e e == == ST B, 5 == S res |

the compact audio cassette) so
the advantage of the much
slower tape speed shows up in
longer playing time.

So tape costs would be lower
with the R-DAT system, but the
simpler mechanism of the §-
DAT should make for cheaper
recorders. At present, Sony and
Pioneer are supporting R-DAT,
while Sanyo and Sharp have
chosen S-DAT. Here we go
again then, two rival
incompatible systems. Will they
co-exist like the video formats,
or will each queer the pitch for
the other, as happened with the
quadrophonic systems.

A further complication is that
there are four versions of R-DAT
and five of S-DAT, each one
being of slightly lower standard
than the previous one in terms
of sampling rate and
quantisation steps. The top
grade in each format has a 48
kHz sampling rate and 16-bit
quantisation which gives 65,536
sampling levels.

Will different manufacturers
adopt different standards within
the same format? There will
probably be general agreement
so as to present a united and

ompatible system format to

ETC

the consumer, but it is just as
likely that someone will
produce a cost-cutting
lower-standard machine, or
perhaps all of them will. Who
knows?

Really though, digital tape
does not offer the same
advantage over conventional
cassettes as the CD does over
vinyl. Vulnerability to damage,
tracing and tracking distortions,
surface noise and size all made
the vinyl disc obviously inferior
to the CD. The lower recording
distortion and noise of digital
processing is less apparant to
the average user.

In the case of tape, continued
development of the audio
cassette (particularly in the field
of metal evaporated tape
formulations that can be used
on any high grade deck havinga
high bias setting) has pushed
distortion and noise levels

.down to the point where it is

difficult to tell the difference
between them and a digital

‘recording. Coupled with format

uncertainties, it seems doubtful
whether there will ever be a
mass sale of digital tape to
match that of the CD disc.

Vivian Capel
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ALF'S
PUZZLE

A few months ago, Alf came
across a circuit which looked as
if an op-amp was being used
back to front - the input went to
the op-amp’s output, and the
output from the circuit was
taken from one of the op-amp’s
inputs. As it transpired, the out-
put of the op-amp was not really
used as an inputtothecircuit, but
this month there’s no doubt about
itatall. Theinputisapplied directly
to the output of the op-amp, and
there’s nowhere else for it to go.
Not only that, but the outputs
from the circuit come from the
power supply pinst What does
the circuit do, and how does it
work?

The op-amp used in the
circuit is one in which the

ETI AUGUST 1986

supply current is independent
of the supply voltage - Alf used
an LM358 to make sure that his
idea would work (the other half
of this dual op-amp was left
unconnected). RV1 should be
adjusted so that the output of
the op-amp is at OV. Those are
the only hints Alf will allow me
to give you, I'm afraid, so from
Nnow on you’re on your own.

If you manage to work out
what the circuit does, don't
bother to build it. Although it
works, after a fashion, it was
devised to be puzzling rather
than practical, and Alf will give a
more sensible version next
month. Don't be too sure
you've got the answer - this one
even took Auntie Static a while
to work out, which caused Alf
great glee.

Last month's puzzle was a
competition, and since we are
still sorting through the replies,
Alf will give both answers next
month.

ELECTRONICS TODAY
INTERNATIONAL
ADVERTISERS INDEX

ADL Technology ......coiiviiiiiiiiiiiiiieanann, 13
VRIIE) [ S ai maes 50 510 RIS Ho 5 Eg 50 aB-o.00 Bo AGHans & bo 5 61
NI (S S B emr. SRo 8 A S OB o o o AR e e O 61
BIAEICCIoniCSE. = e e o b L L b o oaelon ek hencne IFC
JBull Electronics........ccovviiiiiiiiiiniennennnnnn. 10
ClI <05 B oot oo (o B AT SRR o ol SL T 31
OO 5 e o E S SO A i 35 e ot s TR0 s Bk o 40
(ST EEI0Te] 585 55 ot I B 0.6 B By s S 0 0 e S (s oo IBC
(CHONLEEIN I o 3ok o Bt 0 i PSP S P 18
Display Electronics ..........c.ciiiiiiinneenennnnnn..
ORI St oo JNE S o S B ao 35 = ol A 61
Happy Memories ..........oviiiiiiiiiiiiininannan. 55
Hart Electronics ........cooviiniiiiiiiiiiennenen... 39
Henry Audio Electronics ..................cvvnn... 12
IGSIElectronicsSuaus i Rt S L ST St 13
Jaytee Elect Supplies ..............ccooiiiiinnnn. 45
WEIEEIIN® 550 66 000 0 o & oA A BB i 6 GBI 05 e v
[Vieyollin srcth e oo R S B N e T OBC
Micro Concepts ...ttt 40
WS Rt B < ) DS R s Gl 30 o B0 66 5ol .08 566 31
Number One System...... ...ttt 46
Omni EleCtronics ....oovnvee ittt 61
Pineapple Software ............. ...t 23
Hiseompe. o le it L L Sl e L S s enile 46/29
Service Trading ..........cciiiiiiiiiiiiiiininn, 46
Stewarts of Reading ..., 61
TK Electronics .......ccciiiiniiiiiiiiiiiiiiianannnn, 12
TJA Developments ...........covviiiiiiiiininnn. .. 13
Thandor Electronics ..............ccoiiiiiiiinnn... 23
Universal Semi Conduct Devices .................... 40
Watford Electronics ..., 4/5
63




Lineage:

45p per word (minimum 15 words)
Semi Display: (minimum 2 cms)
£11.00 per single column centimetre

ELECTRONICS TODAY INTERNATIONAL

Ring for information on series bookings/discounts
All advertisements in this séction must be prepaid.
Advertisements are accepted subject to the terms and

conditions printed on the advertisement rate card (available on reauest)

CLASSIFIED

01-437 0699 Ext 291

Send your requirements to:
Duncan Neilson,

ETI Class. Dept.,

ASP Ltd.,

1 Golden Square,

London W1.

FREE BOOKLET

on

BURGLAR ALARMS

with

LOWEST U.K. DIY PUBLISHED PRICES
PHONE OR WRITE FOR YOUR COPY
051-523 8440

AD ELECTRONICS
217 WARBRECK MOOR
AINTREE, LIVERPOOL L9 OHU

LOWEST PRICED TOP QUA-
Intruderr alarm
equipment, etc. SAE for catalogue
Security Services, 62 High St

LITY fire and

Hythe, Kent CT21 5JR.

COILS & CHOKES

MAXI-Q

COILS AND CHOKES
PREVIOUSLY MADE BY DENCO
S.AE. PRICE LIST

8 BRUNEL UNITS, BRUNEL RD,
GORSE LANE IND. ESTATE,
CLACTON, ESSEX CO15 4LU.
TEL: (0255) 424152

PROMs - EPROMs - PALs
ANY PROGRAMMABLE IC
SUPPLIED OR BLOWN
PRICES (Including Programming)

2716 £2.85 2732 £3.10
2764 £2.60 27128 £3.85 etc.
BIPOLAR PROMs from £1.50
e.g. 825123, 185030, 745288
PALs, PLDs etc. from £4.05
e.g. 828153, 16L8, EP300

| Full design and prototyping service

Any quantity programmed - SAE or
phone for details
P.L.S., 16 Wordsworth Drive,

Cheam, Surrey, SM3 8HF

Phone 01-664 8095

COMPUTER ADD-ON

CQ4 ROBOT CONTROLLER |

For Amstrad CPC464/664/6128, Spec-
‘ trum, Sharp MZ80K. For the develop-
ment of robots, turtles, security systems,
laboratory/home control etc.
8 channel ADC, high speed
8 channel latched power controller
- 8bitlatched TTL output 8 bit TTL input
Assembled and tested £79 inc P&P.
(Please state computer model).
Write for details

CATHTRONICS (0772) 747882
12 Rookery Drive, Penwortham,
Preston, Lancs PR1 9LU.

ESR ELECTRONIC
COMPONENTS

* Full range of Components

* Motors & Servos

* Robot Arms &.Interfaces

e Velleman Electronic Kits I
Send for new catalogue. = 60p inc. P&P.

13A Station Road. Cullercoats.
North Shields. Tyne & Wear NE30 4PQ
- 091251 4363

BARGAIN! 500 Y, W resistors

WOULD YOU BUY A CAR
WITHOUT A TEST DRIVE?
THEN WHY BUY A MIXER
WITHOUT A TEST DRIVE?

Thinking about a new project — from a small
Mixer to a large studio complex — come and talk
over ideas with the people who offer manufac-
turing and user experience at our new premises:

Unit D, 318 High Road,

Banflest, Essex SS7 SHB ?
TO TAKE THAT TEST DRIVE —
PHONE 0268-793381 )

(Weekend Committee visits
welcome by prior arrangement)

e

ARTRIDGE
ELECTRONICS

Head Offles, 56 Flest Road, Benfloet, Essex $87 SJN
Talsphons 0268-793256

OSCILLOSCOPE 30 MHz single
£100. Analogue meter£1212v/2.5
amp supply £15 Breadboards £18.
Two logic probes £12. Logic pulser
£10. HP 15C calculator n. new.
£48. Sedgley 5578 after 7pm.

PREAMPLIFIERS & CON-
TROLS £8.95!!1.. MAG/PU...
Selector...T&B/Vol etcll.. Ex-
equipment 100W/AMP Modules-
tested/ £7.50!...KIA-8 Cunliffe
Road, likley...Catalogue/60p!

NEW STOCK! Sinclair 16K
rampacks for ZX81. £6.00
including postage. Halsat, Unit 1,
Bury Walk, Bedford MK41 7BW.

NICADS

AA/HP7 Rechargeable Cells
4 for £2.30 or 10 for only £51
(ex. equip. tested & guaranteed)

Universal Nicad Charger £8
with battery test facility and LED
h bination PP3, AA,

or any
CA&D ceils
Above prices inciusive of p&p - goods
sent by return
Croydon Discount
Electronics (E)
40 Lower. Addiscombe Rd.
Croydon CRO 6AA

£4.95. Component pack listst
Amplifiers! Alarms! Electronic
Kits! Send £1.00 for catalogue and
lists. Pluto |i Fortronics, 565 Street

FOR SALE . KITS

ETI KITS assembled and tested*
by electronic trainees under
supervision within a purpose built
electronic workshop for as little as
£10™ (* depending on type of kit
and complexity). Contact:- A.J.
Smith, Dept K.A. Electronics
Workshop, Lincoln |.T.E.C. Dean
Road, Lincoin LN2 4JZ. Tel. 0522
43532.

| J.Linsley Hood Designs
P.P.

£25.00 £1.00
£12.26 £0.76
£12.00 £1.00
£51.00 £1.50

Distortion Analyser Kit.
Miltivokmeter Kit.
Case and Panel for above
ETI Mosfet P.A. Kit.
Audio Signal Gen.
(.02%) Kit.
Audio Signal Gen.
(.002%) Made
Fixed Freq. Sig/Gen.

£28.50 £1.50
£46.00 £2.00

(.0029%} £14.00 £0.50 }
Case and Panei for above £9.50  £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 N8 OPE. Tel: 807 3718

MISCELLANEOUS

HEATHKIT U.K. Spares and
service centre. Cedar Electronics,
Unit 12, Station Drive, Bredon
Tewkesbury, Glos. Tel. 0684

AMSTRAD OUTPUT PORT.
Plugs into printer port and provides
seven open-collector outputs.
Easy to use from Basic or M/C.
£14.95 inc. S.A.E. for details.

NCJ Electronics,

Square, Ella Street, Hull HUS 3AP.

"84

13 Binfield
BJA.

BURGLAR ALARMS!
FIERS! TUNERS!
ELECTRONIC KITS! for 24 page
catalogue and Price List send
£1.00 to PLUTO Il FORTRONICS,
565 STREET LANE, LEEDS LS17

Lane, Leeds LS17 6JA.

AMPLI-
VELLEMAN

6809 FLEX KIT SYSTEM, 16 slot mother-
board. CPU, 64K RAM, 80 character colour
display, 80/40 track S/or/D sided discs.
FULL STOCK OF FLEX SOFTWARE.
VENTURE FORTH runs on a STANDARD
fiex random access file. ALSO 6809 for
TANGERINES. S.A.E. for details.

R-ALLEN ENG
FORNCETT-END NORWICH.

73127.

ORGAN

- KEYBOARDS

ELECTRONIC ORGAN KEY-

BOARDS and other parts being
cleared out. Special Offer: Elvins
Electronic Musical Instruments,

40A Dalston Lane, London E8.
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KITS AND wersuppuiesll  sERvices |
READY BUILT PO )

FM TRANSMITTERS Same day
despatch MINIATURE MODEL
frequency 60-145 Mhz, range 1
mile. Glass fibre P.C.B. All
components. Full instructions 9-
12V operation, broadcast
reception. Super sensitive
microphone. Pick up on FM/VHF
radio. £6.95 inc or ready built
£8.95. Size 57 x 19 x 12mm. HIGH
POWER MODEL. 3 watts 80-108
MHz. Professional broadcast
performance. Low drift varicap
controlled. Range up to 7 miles.
12V operation. Any input
audio/microphone. All compo-
nents P.C.B. diagrams and
instructions. Size 103 x 39 x 29mm.
Kit 13.99 inc or ready built £18.99
inc. TONE GENERATOR 3-
selectable functions; PIP, Warble
and pulse tone: All components
instructions & P.C.B., feed into any
audio input or transmmer variable
frequency and gating controls. 6-
12V operation 53 x 38 x 14mm.
£5.50 incl. TONE GENERATOR
POWER AMPLIFIER. All
components, instructions and
P.C.B. turnstone generator into a
high power siren for alarms; 18
watts max. at 12-15V. 62 x 38 x
14mm £7.00 inclusive DIGITAL
CLOCK/TIMER MODULE.
12/24 hour & seconds (0.7inch
LED) display, 8-functions.
Applications: uncommitted output
transistor for switching on Tape-
recorders: Lighting, Security, etc.
External Loudspeaker Qutput. 84 x
38 x 16.25mm. Full instructions &
Modular PCB £17.49 inclusive.
MAINS TANSFORMER for above
if required: £5.24 incl. DIGITAL
CODE LOCK MODULE: 4
1BV.DC operation; 10,00
combination quality key pad;
programmable code; low-power 3-
outputs -(0.2A); 3-LED status
indicators; All components,
instructions & PCB. Applications;
Alarms; garage doors; cars, etc. 39
x 62 x9mm. Kit: £15.95 incl. Ready
built; £19.95 incl ZENITH ELEC-
TRONICS. 21 Station Road
Indust. Estate, Hailsham, E. Sussex
BN27 2EW. Tel: 04353 2647.

PLANS & DESIGNS

AMAZING ELECTRONIC plans,
lasers, gas, ruby, light shows, high
voltage tester, van de graph sur-
veillance devices ultrasonics,
pyrotechnics, new solar genera-
tor, 150 more projects, catalogue.
SAE. Piancentre, . Old String
Works, Bye Street, Ledbury HR8
2AA.

'MISCELLANEOUS

THE SCIENTIFIC WIRE COMPANY
811 Forest Road, London E17.
Telephone 01-531 1563

ENAMELLED COPPE‘R WIRE

5.96 6.38
SILVER PLATED co PPZERS WIR

TINNED COPPER WIRE
141030 397 241 1.39 0.94
Fluxcore
Solder 5.90 3.25 1.82 0.94
Prices include P&P VAT.
Orders under £2 add 20p.
SAE for list of copper and resistance wire.

1410 30

Dealer enquirles welcome.

150W SWITCHMODE PSU. +5V
at 8.4A; +12V at 4.8A;+24V at 1.7A,;
-12V at 0.2A. Perfect working
order, over £70 in Henries Radio
£29 + Carr. 0245-50927 after
6.00pm.

240v AC ELECTRICITY from
two 12v batteries!! Encapsulated
ready built electronic module with
screw terminals!! Comprehensive
instructions supplied. Just add
transformer and other easily
obtained accessories. 250W out-
put. Limited number available. £25
(inclusive). Chataigne Products,
Green Lane, Great Horkesley,
Colchester, Essex, CO8& 4HD.
(Proprietor J.A. Richmond.)

REPAIRS

FIXED CHARGE REPAIRS to
Spectrum, Commodore, BBC,
Electron E.G. Spectrum £17.95,
Commodore £29.95. Mansfield
Computers, 33 Albert Street,
Mansfield NG18 1EA. Tel 0623
31202.

TRIDENT ENTERPRISES LTD.
COMPUTER REPAIRS
Spectrums £18 linclusiveParts, P&P, VAT.
vicao..... £1250 C64 ....... £15.00
QL .M £2000 BBC....... £20.00
1541 DISK DRIVE £20.00
(ANl Exlusive of Parts P&P, VAT)

Plus all Commodore Computers, D/Drives
& Printers. Send Faulty Machine To
Unit 2, Wentworth Industrial Court,

Goodwin Road, Britwell, Slough.
Tel: (0753) 21391

BBC REPAIRS FROM £12.50 by
Microfix, the Acorn Specialists.
Also disc drives, printers etc.
Microfix, 191 Freston Rd, London
W10. (01) 968 9214,

SATELLITE TELEVISION, build
your own system from £220 to
£1,800. We can supplyall the parts
you will need, via MAIL ORDER, for
Technical how to build manual
send £2.95 (or catalogue, only
95p). To C & S T.V. Paul Kendall,
11 Wensley Gardens, Leeds LS7
2LY.

" SATELLITE T.V.
RECEPTION
K oyt e Lk
Manufacturers and Distributors
of High Quality Satellite
MAIN ST, KESH,
CO. FERMANAGH, NI.

EQUIPMENT
10.9-12.7GHz, 4GHz LNB's, Demodu-
TVRO Equipment
PHONE

D|SHES 09TO
lators and all those Accessories.
KESH ELECTRICS LTD.
KESH (03656) 511440

IJU]

ELECTRONICS

* PROFESSIONAL PCB DESIGN
* SINGLE SIDED TO PTH
* PRODUCTION FACILITIES AVAILABLE
* QUICK TURN ROUND
For quotes or further details contact us at;

JMJ ELECTRONICS

14, BLENHEIM CLOSE, SHEPRETH, NR. ROYSTON,
HERTS. SG8 6PT.
Tel: (0763) 62174

DESIGN SERVICES, micropro-
cessor, special interfaces, ana-
logue, digital, signalling, alarm
systems, PCB design and artwork.
Prototype and small batch pro-
duction. ALAB ELECTRONICS.
Grantham (0476) 860089.

FREE PROTOTYPE of the finest
quality with every P.C.B. artwork
designed by us. Competitive hourly
rates, and high standard of work.
Halstead Designs Limited,
Finsbury House, 31 Head St
Halstead, Essex CO9 2BX. Tel:
0787 477408.

BOXES, KNOBS, and other hard-
ware in aluminium, steel made to
your specifications. Send drawing
andS.A.E for quote to C.D.Burgess,
13 Leymoor Road, Longwood,
Huddersfield HD3 43W.

SWITCHES

VOICE/SOUND ACTIVATED
SWITCHES casy to follow dia-
grams and uses only £1.00. Vom-
ponents and P.C.B’s available:
Herrington, 63 Home Farm Rd,
Hanwell, London W7 1NL.

SITUATIONS

VACANT

HiI-FI SERVICE ENGINEER
required for busy Audio Service
Department. Excellent rates of pay
for right person. Call Mr. West on
01-881-3320 or Waltham Cross
(97) 32050.

KEEP AN EYE
ON CLASSIFIED!
FOR DETAILS
PHONE
01-437 0626

ETI AUGUST 1986

WANT THE RIGHT
PERSON FOR THE
JOB? THEN WHY NOT §}
ADVERTISE WITH
E.T.L

SPECIAL OFFERS

CLEARANCE BARGAIN! Thou-
sands of LED 7 Segment Display,
brand new 14 pin DIL RED .43inch
common anode display ,0-9 with
right and left decimal point in stock.
10 pieces £2.50 (25p each) 50
pieces £10.00 (20p each) 100
pieces £15.00 (15p each) 1000
pieces £100.00 (10p each). Tele-
phone your order to 0296 613816.

FREE MEMBERSHIP 0 a new
national electronics club. For
details and a free gift of com-
ponents worth over £10 send only
£1 p&p to Woodside, Dowsett
Lane, Ramsden Heath, Essex
CM11 1JL.

TEKTRONIX oscilloscopes, cali-
brated, good condition. 454A dual
trace 150MHz, delay sweep £495.
502A dual beam 100 microvolts,
1MHz £95.00, 547 dual trace
50MHz delay sweep £195, 548B
dual trace 24MHz delay sweep
£135. Telequipment D83 50MHz
delay sweep £385, manuals,
spares, other test equipment. Tel:
01 858 4221.
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' LANCASHIRE

ETESON ELECTRONICS

TRAINING COMPONENTS
COURSES CONTD.

PROFESSIONAL
ELECTRO_N!CS TECHNICIANS I @ | - I 1) I ) I o | g 16B Lower Green,
SHOM re IO Coliecs (S week) @ b= @ Poulton-le-Fylde, lackpool
MICROCOMPUTER SERVICING PROOPS DISTRIBUTORS LTD Tel: (0263) 885107

Button Cells. 6v_110ma, PCB mounting
rechargeable Ni-Cads. New and Guaran-
teed. Ideal for Memory Back-up, etc.

Two for £2.00 inc P&P. SEND NOwW!

(ONC/OND/HNC also available
in modules)
* MSC GRANT AID to
EMPLOYERS/TRAINEES*
Television/Video/CCTV/
MICROELECTRONICS
Information Technology/
CADCAM/ATE
MICROPROCESSO%S/Computers/

LONDON ELECTRONICS COLLEGE

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

=0

ELECTRO SUPPLIES
NORTHERN COMPONENT SPECIALISTS
Test Equipment, Computers, Peripherais
SENDFORCATALOGUE Trade Enquines weicome

To:

2 PROOPS DISTRIBUTORS LTD,
HEMBRIDGE ESTATE, CASTLE ROAD,
LONDON NW1 8TD
"TEL: 01 267 6911

Dept (ETi) 45 LOWER HILLGATE, also sl s;‘v:'r"%?r;’r?r" ROAD,
STOCKPORT, CHESHIRE.
29 Penywern Hoad, LON?ON SWS5 9SU ALl nossosqu;E a2
706 - 215556

01-
NEXT COURSE STARTS 21st JULY

STAN WILLITS - 37 High St. West hten actom:
i i f erence can be taken up (excliuding
E;Z?\f'gfh’ vr\tleSIt M'.glands' W”I pa); recognised advertlslng agencies).
_portable viaeo equipmen Cheques and PO’s d be crossed
and mains equipment. TVs, Hifi, and made payable to ARGUS
surveylance equipment, ampli- S e P B CATIONSIEYO,
2 - 2 an sen oge er w €
fyers, films (or anything useful). ,dv,,.ige,,.e,,. to:
THE CLASSIFIED DEPT., L/H, NO:1
GOLDEN SQUARE, LONDON W1R 3AB,
There are no relmbursements for
cancellations. Advertisements arriving

CLASSIFIED ADVERTISING
TERMS & CONDITIONS

Our terms for new advertisers (seml-
dispiay and lineage) are strictly pro-
- forma pay ts until y ref-

LIVERPOOL

ﬂm>gomdomrm

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

Turn your surplus

N > Inserted in the following issue unless SCOTLAND
cash. Immediate settlement. d by instrictions 1o the
We also welcome the contrary. )
opportunity to quote for AII advenlslng sales are subject to

VISIT SCOTLAND'S
NEWEST
COMPONENT SHOP
OMNI ELECTRONICS
174 Dalkieth Rd

Edinburgh EH16 5DX

Tel: 031 667 2611
Send S.A.E. for catalogue.
Open Mon-Sat 9am-6pm

ning
VAT Adverﬁsers are responsible for
complylng with the various [egal
requirements in force eg: The Trade
Description Act, Sex Dlscrimination
Act & The Business Advertisements
(Disciosure) Order 1977.
FULL TERMS & CONDITIONS OF
ADVERTISING AVAILABLE ON
REQUEST

complete factory clearance.
Contact:
Coles Harding & Co.
103 South Brink
Wisbech, Cambs.

ESTABLISHED OVER 10 YRS

qm>gomqomrm

Tel: 0945 584188

CROSSWORD nNo.7

ACROSS 23) Construction for raising an
aerial above ground (4).
1) Electrical insulator between 24 Video cassette format (4)
the plates of a capacitor 25) Typically, two magnetic con-
(10). tacts sealed in a glass tube
7) Break into a protected data (4, 6).
?:)r.lk, or attack with an axe DOWN
8) Two bytes treated as a single 1) Found on a VCR to indicate
unit (4). damp in the machine (3, 5).
9) Frequencies within the range 2) European standard plug-in
of human hearing (5). PCB for rack mounting (4-
10) Attached to the spindle of a 4).
potentiometer as a means of 3) 22 across used for restrict-
turning it (4). ing a waveform or setting a
11) One twelith of a foot (4) voltage in-a circuit (8, 5).
12) A test lead incorporating an 4) Bands of frequencies used
active or passive circuit (5). for transmission of signals
13) BASIC commandword, used 5, 8).
for strong remarks in a 5) Inductor (5).
program (3). 6) Eight terminal valve (6).
15) Something otherthanradio 13) ____ Frequency,
Solution to Crossword No. 6 = es SCnERi O the the-natural frequebcygi
sky! (4) which oscillations will occur
ACROSS 21) Coil 6) Heads 16) In semiconductor terms, most readily and with maxi-
22) Editor 10) Digitise the opposite of a free mum amplitude in a given
3) Epson 25) USER 11) Black electron? (4) reactive circuit (8).
7) Sonar 27) Loom 12) Port 17) Total harmonic distortion 14) The condition which exists
8) Even 28) Modem 13) Slew rate (abbr.) (1,1,1). whenaloadimpedance does
9) Edge 29) Erase 16) Adder 19) Inert gaseous element, not correspond to a source
11) Bypass 18) Flat Atomic No. 86 (5). impedance (8).
14) DPDT DOWN 19) Volume 20) An adjustable support fora  18) Partofavalve, also called the
15) Rise time 1) Sony 20) Robot microphone (4). filament (6).
17) CRT 2) Data 23) Iron 21) Information (4). 19) Abbreviation of and equip-
18) FSD 4) Pye 24) Open 22) Two terminal semiconduc- ment for Radio Detection
10) Vertical 5) Needle 26) RMS tor (5). and Ranging (5).
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CARBON FILM
5 . HIGH STAB
LOW NOISE

)
10 10 MO
LW E24
LW E24
WEZ 5
2W EI2 9%
METAL FILM
ULTRASTABLE
0.4W EXTRA
LOW NOISE
00 01 MR
e E24 3p
LOW DHMIC
GLAZE 0.5W
0220 ©
8.20
€24 7p
WIRE WOUND
ON CERAMIC
E12 SERIES
2103W 0229
103300 29
4107V 0.47Q
06K  34p
9 1o 12
10 33K 44p

POTS &
PRESETS
ROTARY POTS

LOW NOISE
'+ SPINDLES

£3 SERIES
4k7 10 2 M LIN

2p
3p

1w

40p
4K7 10 2 M LOG
40p
As above with
DP Mamns
Swich  99p
As above stereo

PRE SETS
PIHER
IDUSTPROOF)
E3 100 € 10
10 MQ
Mi Vet 12p
M Horiz 12p
Standard Vert

14

Standard Honz

14p
CERMET 20
TURN
PRECISION
PRESETS
' ""E3 SERIES
50 1w B00K

9p

3 8" E3 SERIES
100 @ to 100K
119

CERAMIC
100 v

DISC IPLATE}
E12 MICRO

MIN{
TYPICALLY
+ 5%
1pF 10 4n7  6p
POLYCARB 5%
SIEMENS

75mm
MINIBLOC

250 V
nF to 608 8p
10nF 10 47nF9p
56nF to
100nF
150nF

100 v
100n, 120n 12p
150n
180n

12p
5p

13p
to 220n

15p
270n
3300
3900
4700,
680n 33p
1uF (10mmi 37p
2.24F 115mm)

75p
POLYESTER
250V RADIAL
10n to 100n 8p
150n 10p
220n Mp
330n 15p
470n
680n
1WF
1.5uF

2 24F a5p

TANT BEADS
138V 14p
14p
14p
14p
14p
14p
14p
15p
18p
14p
23p
21p
31p
25p
41p
29p

22 38V
33.35V
47 35v
68 35V
1385V

15 35v
2.2 35v
33 36v
47 35v
6.8 35V
10 18V
10 35V
15 16V
15 35v
22 63V

2216V 3%

330V 3Mp
a7 3 32
47 63V 35p
47 10V 78p
47 16V 99p
100 3V 3Bp
100 6.3V 1.28
100 10y 1.97
100 18Y  2.75
ELECTRO
LYTICS
Mamly
Panasonic
AXIALS (Wies
each end)
wFd V
47 83 . 9
47 100 10p
1 100 10p
1450 3%
22 25 9
22 83 10p
22 100 13p
22 480 a3p
33 40 13p
33 8 14p
4.7 35 10p
4.7 80 13p
47 63 14p
47 100 16p
4.7 450 45p
0 2% 9
10 5 p
063 16p
0100 18p
10 450  S8p
2 2% 13
22 4 16
2 6 18
22 100 24p
22 450  66p
47 25 16p
47 40 20p
47 83 30p
47 100 32p
47 450 132p
100 16 16p
0o 2% 18p
100 50 25p
100 63 29p
100 100 34p
100 450 195p
220 10 18
220 16 19
20 25 25
220 40 29p
220 63 3dp
220 100 46p
470 16 25p
470 25 32p
470 40 38p
470 63 50p
470 100 B9p
1000 16 3ap
W00 25 43p
1000 40 S3p
1000 63 75p
2200 16 S3p
2200 25 7p
2200 50 80p
2200 63 1.54p
4700 16 87p
4700 25  99p
RADIALS
{Wires ane
en
WFd V
10 35 7
22 10 7p
2 18 8p
47 10 8p
47 16 9p
100 10 10p
100 16 11p
220 10 13p
20 16 13p
470 10 14p
100010 23p
100016 28p
220010 3%
220016 S51p
4700 10 75p
4700 16 1.09p
470063 2 9%
10000 16 2.99p
10000 80 4.95,

7402 5p
7403 25p
7404 35p
7405 %5p
7406 3%
7407 39p
7408 25p
7409 25p
7410 25p
7411 25p
7412 26p
7413 45p
7414 59p
7416 35p
7420 25p
7421 25p
7422 25p
7423 35p
7425 35p
7426 39
7427 3%
2428 39p
7430 25p
7432 35p
7437 29p
7338 39p
7440 39p
7441 39
7442 85p

7444
7445
7447
7448

7450
7451
7453
7454

7460
7470
7472
7473
7474
7475
7476

7480
7481
7482
7483
7484
7485
7486
7489

7490
7491
7482
7433
7484
7485
7496
7497

74100
74104
74107
74108

74410
7418
74118
74119

74120
74121
70122
74123
74125
74126
74132

74136
74141
74143
74124
74145
74147
74148

74150
74151
74153
74155
74156
74157
74158

74160
74161
74162
74183
74184
74165
74166

74170
74172
74173
74175
74176

74180
74181
74182
74184
74185

74190
74192
74193
74194
74195
74196
74197
74198

74L500
74LS01
74L502
741503
741504
741805
741508
74LS09
741510
24LS511
741812
741813
741514
741520
74L82Y

741822
241827
74L528
74L830
741532
741833
741837
741538
74LS40
74542
741547
741851

741854
741855
74L873

Aciess ¥
[ ANERICAN .
VISA A \ [BRRESS |
99p | 741874 35p | 4024 .49p | MISC LOGIC RA
99p | 74LS75 45p | 4026 1 80p O
99p | 74Ls76  35p | 4027 39p | 146818 450
99p | 7aLs78  35p | 2028 470 | ADCO8D4  5.85 | 2N2219
741883 69p | 4028 750 | ADCO816 IN2219A
35 | 79LS85  75p | 4030 15p 20.80 | 2N2222
3ep | 79586 35p | 4031 1.25p | ApCo817 2N2222A
35 [ 741590 49p 4032 850 12.54 | 2N2369
3 { 741592 s5p SAAS000 405 | ZN2369A
741593 55p | 4034 139% 1 saas0i0 7.81 | 2N2804A
740595  75p | 4035 950 | Saanorz 781 | 2N2905
0 7a0s107  aop [4036 278 | gaazor 6 as | ZN290BA
4% | 74(s109 45 | 2038 850 | SAz030 609 | 2N3053
90 | 7405112 45p | 4040 59 | Saacos0 2N3054
Op | 74113 45p | 4041 55p 16,95 | 2N3055
4 | 7a1s11a  asp | 2002 490 | 4 nsoar 2N3065H
:gs ;4L§1§§ 690 :3:; ggp 15,95 | 23239
4LS1 85p 0 2N3440
740512¢ 135 | 4045 59p | SAAS0S0 895 | Hzaar
5p [ 7aL8125  4gp | 4047 59p | SAAS070 2N3342
175 7415126 agp | 4049 35p 1698 1 ongssa
95p | 7415132 e5p 8726 1.09 [ 5n3632
95p | 7aL5138  B6p | 4060 35p | 8728 1094 oNaree
95p | 7415139 s5p [ 4057 85p | 8795 109 | Jn3703
95p | 7aus145  9gp | 4052 s6p | 8797 109 | 503700
39p | 7405147 1.75 | %053 55p | 1LS95 165 | ongans
1.99 | 7aLs1a8 135 | 4054 79p | BILS9? 165 | 53706
748151 65p | 4056 790 1811596 1.65 | Hn3707
55y | 7408753 65p [ 4089 3950 fB1isss 185 [ H\aayg
gay | 72Ls158 199 | 4080 65p | 6522 349 | 3n3820
6oy | 795157 55p | 4063 85p Jes22a 545 | Grsene
e5p | 74Cs158  69p | 4066 39 | 6532 5.25 | onas0a
109 | 74LS160  75p | 4087 2.25p { 6821 1.75 | 5n3904
s6p | 74LS1E1  75p | 4068 25p | 6840 3.75 | Jn3aos
5sp | 74LS162  75p | 4069 25p | 6845 6.49 | In3906
1 g9 | 74LS163  75p | 4070 25p | 6847 6.49 | 2na038
7418164 75p | 4071 25p | 8154 ASK | ong037
74LS165 109 | 4072 25p | g155 330 | 2n42a0
199 as166  1.95 | 4073 25p | go12 2.20 | on
4% | 741 5169 gy | 4075 250 | 8716 1.60 ;zﬁg?
50 | 7as170 1.8 | 4076 650 | 8224 2.95 | 5naq02
5% | 7405173 ggo | 4077 250 | a22g 2.95 | onaaz7
7418174 ggp | 9078 25p | gocg 3.50 | 2nag7)
1.99 | 748175 75p | 4081 250 1 g771 53.00 | 2n5206
1.65 [ 745181 1.99 | 2085 550 | zeoacTc 2,99 | Snm208
99p | 7415183 1,89 | 086 590 | Za0ADART | 2NB401
1.79 ] 7415190  B5p | 4089 1.19p h 7 IN5415
741819y 75p ( 4093 30 | ze0api0 319 | 2nsats
95p | 74LS192  B5p | 2099 89 | 2aasn  3.49 | onees
agp | 74Ls198 - 75p | 4099 B0 | Jazeen  7.98 | Neids
o5p | 7418185 75p | 4098 &0 | Tneores 63 | aneies
2N5449
75p | 7415196 B9p | 4098 o0 | znases 455 | 2nsaso
75p | 7aLS197  Bop | 4098 9% i 3
75p | 7415221 9gp | %0103 1.95 st
2415240 85p |
T80 | Jatszan  asp | 4502 e 25458,
Jalsea  gny | 4503 3Bp Positive 2N5459
69 | Jais243  gep | 9505 3.50p] 100mA TO92 | 2N5460
59 | 705240 709 | 4507 36p | 78L05 29p | 2NB551
225 | 005245  9gp | 9608 1.19p | 78L08 47p { 2N5657
2.25| 5105747 a9p | 4510 49p | 78108 47p | 2NE6B4
990 | 7415248 9gp | 451 49p | 78109 47p | 2N5686
175 | Jasoas  sen | 4512 49p | 78L12 29p | 2N5B84
129 | Jalgs  7ap] %514 104 | L5 29p | 2N5B86
Jal5283 759 | 4515 1.05p | 78118 47p | 2n8027
159 | 7408287 78 | 4516 55p | 7824 29p | 2NB030
o | rasam a5 4518 30 [ 4 Amp Toz20 | 2NEO1
35 | 7ars259 176 | 4519 290 f 1A 20 | 2neuse
89p | 2a15261 1 19 | 4520 agp | et aen | 2n6059
89p | 7 N 4521 1.09p 5p | 2nB123
415265 55p 7808T 85p
89p | 7918973 129 | 9522 79p | 7508 ¥p | 2n6i26
1751 7as275 349 | 4526 85p | 18127 P ] ane212
7aLs279 75 | 9527 oop | 7818T 550 | one2se
105 | 75280 189 | 4528 gsp | 7o8T P | aneser
105 | 715283 79p 1:2Z5p B
9op | 74152%0 790 8ok 1% Amp TO3
aop | 7415283 79p 349 | 7805k 233p
9gp | 7415295 135 2.9 | 7808k 2.73p
105 | 745299 78 | 7812k 233p
149 | 7418323 690§ 7915k 2.33p
7405324 23% | 7mak 233
7415325 35p R
JRCY Ebppsscsd — Negative —
3.95 100mA TO92
1.45 | 7418327 79105 49
ggp | 78L8347 w2 49
p
99p | 7815348 79L15 49
7415352 P
ggp | 21533
7415365
3.251 741 5366
1354 745367
189 | 7215368 F R
189 | 7415373
7415374
125 | 7415378 FR E E
99p | 7415386
99p | 72415390
6 cataLoGUE
79p | 7405395
1.18 | 741539
119 | 7415398
225 | 7as309
7415490 1 Amp T0220
7415540 79057 66p
748541 1.39 | 6502 135p
7415640 195 | 65024 545 66p
24p 7415641 195 { 8800 2.50 | 79157 66p
P 6802 249 | 79247 66p
2%p 6803 5991 % amp TO3
24p 6808 6.49 | 7305k 2.59p
24p 8035 549 7908k 270p
24p 8039 4.99 | 7312k 259
P CMOS ] KA
24p 8088 11.50 | 7918k 2.95p
24p 8068 950 | 7924k 2.95p
24p Z80ACPU. 2.95
32 Z80BCPU  7.95
19 MEMORIES
24p | 4000 19p | 2114 2.50
24p | 4001 19p | 2532-300N 3.4
24p | 4002 22p | 2532 400N 3.45
24p | 4006 68p | 2564 7.7
2ap | 3007 25p | 2708 350
23p | 4011 19p | 2716 345
24, | 4012 25p | 2732 3.99
240 | 4013 %p | 27324 450
245, | 4015 55p | 2764 280 280
24p | 4018 35p | 27128 250 2.90
2ap | a7 52p | 27256 250 6.50
49p | 4018 S5p | 4116 150N 1.95
85p | 4019 550 | 4118 4.65
24p | 4020 750 | 4164-150  1.65
24p | 4021 52p | 8116LP3 1,79
24p | 4022 650 | 6264 3.75
29p | 4023 3% | ea10 156

=, N

QUALITY COMPONENTS FROM CRICKLEWOQOD! This list contains only a
FRACTION OF OUR STOCK, which i1s constantly being updated. Prices quoted
are for "one-offs” -quantity dis.uunts by negotiation. Official orders from Schools,
Colleges Govt. Dept etc welcomed. WE SPECIALISE IN CREDIT CARD PHONE
ORDERS. A guick call will check stock position and current prices. Add 60p p&p
+15% VAT to all orders. All in-stock items despatched same day unless notified.

PRICES SUBJECT
TO CHANGE

3%
39p

FREE CAT.
FOR THE
ASKING

AC176 39p

ACI7BK  49p

ACY87 39

ACI87K  49p

AC188 39
ACI8BK  49p
AD181 550
AD182 55p
8C107 16p

BC107A  17p

BC1078  19p

BC108 16p

BCI0BA  17p

BC108B  18p

BCI0BC  20p

BC109 17p

BC109B  18p

BC109C  21p

BC140 38p

8C141 43p

BC147 15p

8C148 50

BC149 16p

8C157 39

BC158 37p

8C159 44p

8C160 55p

BC161 590

8C169 19

BC16SC  23p

BC177 29p

BC178 29p

8C179 31p

BC182 15p

BCIB2L  15p

BC183 14p

BC183L  15p

BCi84 16p

BC212 16p

BC213 17p

BC213L  15p

BC214 18p

BC214L 19

BC300 59p

BC301 590

8C302 59p

8C303 59p
ac3z? 16p

BC384 52p

BC440 35p

BC441 37p

BCA447 33p

BC448 33p

BC449 39

BC460 38p

BC46) 42p

BC4T7 370

BC478 38p

BC479 38p

BC546 16p

BC547 19p

BC548 16p

acsa9 17p

BC550C  19p

BC557 19

BC559 18p

BC560C  19p

BCB39 27p

BC640 27p

BC650 27p

BCES51 27p

BCY70 31p

BCY71 33p

BCY72 25p

BDI31 83p
80132 83p
BD135 30p

BD136 30p

BD137 36p

BD138 36p

80139 38p

BD140 38p

BD237 45p

BD238 455

BD239A  63p

BD233C  66p

8D240A  68p

8D240C 79

8D241A  66p
8D241C  68p

BD242A  69p

80242C 79

8D243A  76p
8D243C  81p
BD244A  76p
BD2a1C  84p

BD245A 1.2

8D245C 1.30p

BD246A 1.30p

BD246C  1.46p
8D410  1.65p
8D419  1.45p

BD440 79p

BD441 99

BD442 99

BD529  1.10p

BD530  1.26p

8D535 82p

BD536 82p

BDS37 85p
8D538 85p
8DE51 99p
BD652 99p
BDA77 89p
BD711  1.50p
BD712  1.50p
BDT62 99p
BDTE3 98p
BDT6AC 1.42p
BDTESC 137p
BDVE4A 2.34p
8DVBSA 2.34p
HDVESB  2.55p
BDVEBB 2.65p
BOVE3  1.05p
BDVY4  1.05p
BOX32  3.90p
BOX33A 1.22p
BOX33C 1.26p
BOX34A 1.22p
BDXMC 1.26p
BDX42 78p
BDX43 83p
8DX45 85p
BDX668 4.76p

a &
ELECTRONICS LTD ' '
v [ 4 [ 4

40 CR DOD BROADWA
ONDO
9 4 D161/0 450 099 9
BDX678 4.76p § TIP147  227p | TIC263D LM30IAN 36p | TLO74  1.08p
BOYS6 323p | TIP162  2.37p | (25A)  2.91p | LM304H 4 34p | TLOBY 39p
BF180 46p | TIP2955  95p DIACS LM307N  74p | TLOB2 56p
BF198 18p | TIP30SE 88D | gry00 DEA LM308N  69p | TLOB4 99p
BF 193 18p | Tisa3 61p [ g5 g9y | LM30SK 208p | TLASA  420n
BF200 790 | VNIDKV  69p LM31ON 333p | TL497  263p
BF244A  83p | VNABAF 1.46p LM31IN  63p | UA739  3.36p
BF2448  83p | NGGAF 1.65p [l LM317K  357p | UA783  3.77p
BF245A 63p | 2TX107 16p ENDED LM317T 1 48p { UAAI7D 2.48p
BF245B  6op | zTx108  1sp | 00 SHPROL ] (M317HVK UAAIBD  2.49p
BF246 67n § ZTX109 18p | aay 7 10.80p | ULN2001 1.54p
BF246A 69p | ZTX300 00 [ 5w avs o | LM324 agp | ULN2002 1.54p,
BF2468  69p § ZTX301  17p | oo 140 | tm33ez 1.39p | ULN20O3 1.15p
BF256A  67p | ZTX302 180 D30y gys o | LM3352  1.47p | ULN200a 1.15p
BF2568  67p | ZTx303  8p {75, 75p | LM3362  1.30p | UPCE75C21.18p
BE25EC  67p | 2TX304 200 } o ays o 33y | LM337K 6.58p | UPCI156H
BF257 670 | ZTX310  21p 80p | LM337T  1.36p 1.75p
BF258 68p | ZTX312  23p LM339N  dsp | UPCHIBY 1.37p
BF259 69 | 21313 24p SEETTISYCI AN V398N Bap | UPCT182 1.37p
BF457 dgp [2rxare 27, [SChlete S (vagoN 1.73p | UPCTIES 1.97p
BFa58 s9p | ZTx3z0 - 22p |0 RO LM350K 599p § UPC1186 97
BF459 gsp fzrxam  26p | (T OUEERS | Lm3soN 6.28p | UPC2002 1950
BFOO0  1.33p [ 2TX34)  25p |y AU Vggp LM361N  3.63p | XR2206  3.95p
BF961 89p [ ZTX450 220k Lopoan ner | LM3BONTAT 18 XR2207  4.00p
BFROO  2.26p [ ZTX500  18p | Adhons 5ab | Lm3soNg 1.39p | ZNS0S 1490
BFR9T  2.75p | 2TX501  19p Pl im3gIn 3.50p | 2N414 84p
BF 561 65p [ ZTxs02  20p | 2ampivpe | (M3man 1.93p | ZN1034 199
BFS98 27p | ZTX803  21p Square LM383T  2.76p
BFT66  275p | ZTX504  22p ithlhole LM384N  2.75p
BFX29  56p [ 2Tx510 22 | SDI100) 46p | wizgen 1 205 OIS
BFX30 60p | ZTX631  26p | SO2(2000  S0p | hize7n 1.89p
BFYS0  36p [2TX650  36p | SOH400)  B5p } nasean 160 East
BFYS51 36p | ZTxes1  38p 6 amp LM331NED1 55D 4
8FY52 36p | zTxes2 42 Square LM3BINBO1.75p |, OTEES
8S170 65p | ZTX653  45p with hole LM396K 22.31p ol
BSVB1  2.65p | ZTX750  37p | PWOILI0D) 95p | | M223CH 1.25p T
asx20 33p § ZTX751 41p | PWO2(2001 99p | LM723CN  69p 6.0-6V m: 1.89
BSX21 a9p | 7TX752 45p | PWO04{400) LM725CN 5:83p 9'0'9\/ 219
8UM05  1.BYp | ZTX753  47p 1.30p | LM741CH 1.05p 12.0.12v 239
BUI08  2.49p PWO0B(6001 LM741CN - 28p | ;50160 549
BUI0S  1.99p 1.390 | LM741CN14 o -
BUI26  1.94p 25 amp type 1.20p
BU0 2495 | AANE 201 SUEER TRV imraon erp |20 B 40
AATIS  30p 2 9V 430
BU205  199p [ L ) with hole LM74BCN 620 |5 o0 430
BU206 2160 [ Pl ot 0P | KONMI00! 2.62p | LMIO3SN 5.36p | 5 12 4
BU28  193p | BA102 2P| wozi200r 2750 | LMIOIIN 382p |5 000 430
BU226  4dsp | B tl 920 | KOatagol 3.25p | LMIasBN 3dp SOVA
BU326S 2.75p BA158 ZUD KOB{B0O) 4.10p | LM1496N 1.67p 2 . 12V 865
BU406  1.58p P | BYwsa 354 LM1s86 5580 |5 T joU gan
BU407  1.58p § BAISS 2t | nai Taes | (viass 2.39p | 2 i
BU4S  1.49p | BAIB2Z 3o (m2902 1220 |2 0 2V 8%
BU40S  1.69p | BASI7 40 I M2307N 2.66p | 2 7 30V 8%
BAVIO  10p P2 . s0v 89
BUSI0  501p | pA¥I8 10 any. weir LM2907NB2.66p
Buxag 675 | Aul WP H wondertul LM2917N 2.66p
BUXs0  1.99p | JAUN s ] devicesin LM2917N82.66p
E430 7320 | gakie o | stock. Tncvar §LM3307 1160 =
J300 88p | £5T0s gon | shepes & sizes | LM3523 2950 | 0.1" COPPER
J310 880 | 55109 ot of LEDS. LM3300  69p TRACKS
MJB02 4700 | LU o8 12" R - Red LM391} 2.08p | L - W Imms)
MJsgo 3210 f B080 139 G - Green LM3914 2.99p | 50 # 100mm 49p
MJS01  3.39p 4 P 1Y - Yellow LM3915 2 99p | 75.# 100mm 69p
MJ1000  1.78Bp g‘@gg ;39 Large diffused | LMa250 2.89p | 100 100
MJ1007  1.86p 4 . LM13600 1.64p 7%
MJ1800  3.79p "2“075“ RED 10p | L3700 11800 | 150 - 100mm
MJZ500  2.68p ‘M?v‘ésﬁ" 610 | gsp 16p | MC1a86L11.99p 128
MJ2501 308p [ RS YD 16p | MC1468L B.50p | 160 - 100mm
M55 1.40p | SO S0 | Smali diffused | MC1488  53p 135
MJ3000 2.42p | FeC wp ] MC1489  99p | 200 - 100mm
MJ3001  2.78p | S000 H" G3D 16p { MC3340  2.66p 159p
MJ4502  5.90p ‘; B °l v3p 16p | MC3357  2.11p | 500 - 100mm
MIE3Q  75p | WA P w17 | MC3aaE 3950 389
MJE3S0  1.20p | (i 4” RIM 2ip | MC3247 5.50p | VQ Board 225p
MJE2955 2.52p | | N0 5” GIM 23p | MC3470  6.95p | Track cutter
MJE2955T a2p | | CRc) 7" Yim 23p | MC4024  6.60p 1650
MJE055 2.42p | (BN 39 Large clear MC4044  6.60p | Pin inserter239p
MJE0SST 83p | 1o 13“ R5C 1ap | MF10 4.18p | 100 pins s sided
MPSACS  17p | [ENE ls" G5C 19p | NES29  2.25p 65p
MPSAGE 170 | N30 20" Y5C 19p } NES3IN  1.99p | 100 pins d sided
mpsai2  2sp | LIOR 200 | Super brght | NESASN  2.75p 65p
MPSA13 25 | 70 2050 1ssp high efficiency | NES4N  2.31p | Verobloc  495p
MPSA1a  25p | o N oson | Large (100 I Nesss 28p | Vero wiring
MPSAZ  a9p | 20 TV emn | times brighter) | NESSG 69p | pen - spool
MPSA42  29p P | Rst 53p | NESEE  t.89p 429
MPSA43  29p G5U 53p | NESG0 3 25p | Spare spool 83p
MPSASS  17p Y5U 53p | NES65  1.08p | Combs 8p
MPSAS6  17p Rectangular | NES6S 9%5p
MPSAR  27p Stackable | NES67  195p |  #ease ask
MPSA93  27p LE| NES70  3.1dp or free
MPSLOY  29p | THYRISTORS } R5R 21p | NES7IN  1.98p catalogue
MPSL51  29p{ 4B & 12 Amps 23p | NES532AN
MPSUD5 1.24p | Texas 70220 1.55p
MPSUGE 1.34p | Suffix A - NES534A 1.49p FERRIC
MPSUD7 1.64p 100 V. RC4194 2.60p | CHLORIDE
MPSUS5 1.42p | Suffix B - Yi50 900 { RC4195  2.06p Quick
MPSUS6 1.72p ov | Av38910 3.99p | RCass8  63p{  aissolving.
MPSUS7 1.86p | Suffix C - AY38912 4.35p | RC4739  1.08p |  Enough o
MRF450A 18.88p 300 v | CA3046  69p | SN78477 7.95p |  make over
TIP29A 350§ Suffix D - CA3048  554p | SN76003 4.75p | 1 wwre 1.75p
TIP23C  42p 4 CA3059  3.33p | SN76013 4.750 | ETCH RESIST
TIPI0A  37p | Suffix M CA3OBOE  63p | SN76023 4.75p [ TRANSFERS
TIPOC  44p 600 v | CA3130E  79p | SN76033 4.75p | 1 Thin ines
TIP31A 56p | 1A CA3130T 222p | TA7204 1.19p | 2 Thick hnes
TIPIIC  57p | TIC108A  66p | CA314DE  4Sp | TA7205 1.15p { 3 Thin bends
TIPR2A  58p | TIC1068  67p | CA3140T 1.67p | TA7222  1.75p { 4 Thick bends
TIP32C  59p | TIC106C  88p | CA3240E 1.39p | TA7227  2.85p | 5 DIL pads
TIP33A  1.22p TIC106D  69p | HA1366W 1.99p | TBAS00 3.99p | 6 Transistor
TIP33C  1.35p | TIC108M 75 | HA1388 3.96p | TBASI0 3 25p | pads
TIP38A  127p | A HA1389 2 96p | TBA520 2.99p | 7 Dots & holes
TIP34C  1.35p [ TIC116A  88p | HAI389R 2.96p | TBAS30 2.99p | 8.0 1" cdge
TIP3SA  187p{ TIC1168  89p | HA1392 3.69p | TBASA0 3.25p | cannectors
TIP35C  2.14p | TIC116C 93p { HA1397 4.89p { TBASSD 3.25p | 9 Mixture
TIP36A  1.94p | TIC116D  97p | ICL7106  7.51p | TBASSOC 2.99p | Any sheet of
TIP36C  2.22p } TIC116M 99p | ICL7I07  9.37p | TBASID 2 75p | above 39p
TIPALA  47p | 12A ICL7611  85p | TDAIODZ 4 35p | GRADE ONE
TIP41C  58p | TIC126A  8A | ICLBD3B 3.40p | TDAI003 4 35p | GLASS PCB
TIP4ZA 62p | TIC126B 90p | ICM7555 69p } TDAIDI0A 1.95p SINGLE
TIPa2C  65p | TIC126C  31p | ICM7556 1.49p | TDAIOIT 2.50p SIDED
TIP43  1.05p | TIC126D  92p | L200C  1.99p | TDA1022 3.75p | 178 - 240mm
TIPS0  115p | TIC126M 1.10p | LA4201  1.99p | TDA1024 1.12p 1.86p
TIP3 235p LA4400 1.99p | TDA1151 1.95p { 420 - 195mm
TIPS 2.66p TRIACS LA4420  136p | TDA11708 3.10p 2.55
TIPY1D  67p | Texas 400V | LA4422 1.93p | TDA2002 1.95p | 420 - 245mm
TIP112  76p| TO220 Case | LA4430 1.94p | TDA2003 1.95p 3.75p
TIP115  70p [ TIC206D LA4440  2.98p | TDA2004 2.36p | DALO ETCH
TiPN7 78p | 14A) 79p { LA4460  2.98p § TDA2020 2.75p RESIST PEN
TIP120 7dp | TIC225 LA4481 2.98p | TDA2030 1.88p | - spare nib
TIP122 80p | i6A) - 88p | LF347 1.69p | TOA2611 1.59p 1.2%p
TIP1227 Bap | TIC226D LF351 39p | TDA4600 2.79p PHOTO
TIP130  1.06p | i84) 89p | LF353 650 | TDA7000 2.49p | SENSITIVE
TIP132  1.19p | TiC236D LF3s5  115p | TEANGG2 3.95p PCB
TIP135  1.13p | (12A)  1.37p | LF356  1.09p | TLO8T 62p ist Class
TIP137  1.20p | TIC246D LF357  1.63p | TLO6Z 99p | Epoxy Glass
TIP1A0  1.85p | 116A1  1.40p | LF398  §50p | TLOS3  125p for better
TIP4Z  2.13p | TIC253D LM10CH 6.99p | TLO71 39p | results than
TIP145 1950 | (201 2.70p | LMT1CH 10.95p | TL072 56p spraying

i 2IF SOCKET

SWITCHES

/1 O

axpose 10 UV
Single sided
100 - 160 2.25p
100 - 220 2.65p
203 - 174 2,55p
233220 575
Double sided
100 - 160 2.35p
100 - 200 2.85p
203 - 114 3.05p
233220 B.45p
Develaper for
above [do not
use Sodium
Hydroxide)

500mi 319p

PRICES PER
METRE
Sold
connecting

SPEAKER
Twin 1 Amp16p
Twin 2% Amp

18p
3 Core
2% Amp  21p
3 Core
BAmp 62

SCREENED

Single 16p
Stereo 29p
Min single 13p

Mni Stereo 16p
4 Core

4 Screens  49p
4 core single

12 Caore 88p
Heavy Duaty
Mike Guitar

Lead 33p

AERIAL

502 RG58A

4
752 UHF 3tp
75Q VHF  31p
3002 Flat  16p

RAINBOW

RIBBON

Prices

per foot
10way
1Bway
20way
24way
30way
34way
40way
Bdway

SOLDERING

IRONS
€250 (16W)
6.20p
X$250 126W)
6.504

fron Stand
2.10p
Elements
(State lron}

2 75p
€240 Bits
No 2 {Small

110p
No 3 (Med)110p
Na & (Micra)

110p
X8240 « 25 Bns
No 50 (Smali}

1

No 51 (Large)
140p
SOLDER
125 gms
1Bswg  390p
22swg  3.90p

PLUGS &
SOCKETS

‘D'Connectors
5 Way
Solder

Male  1.10p
Femalc  1.75p

CENTRONICS
36W

IDC Plug  495p
1DC Socketdg5p
Salder plug375p

IC SOCKETS
L PROFILE
6 pin 50p
8 pin 8p
14 pin 9P
16 pin 10p
18 pin 16p
20 pin 20p
24 pin 24p
28 pin 28p
40 pin 30p

24 pin
28 pin
40 pin

4.35p
5.00p
5.35p

TOGGLE

66p

79p

DPDT C.OFF
99y

P

4PDT 3.7%0




Lowest possihle prices?
e Top guality components?
" Fast reliable service?
Large range?

- :
PN
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2 ]
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MAPLIN ELECTRONIC SUPPLIES LTD.

Mail Order: P.0. 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.

| Pick up a copy of our new 1986 catalogue from any branch of
| W.H. Smithforjust£1.45.

Or post this coupon now, to receive your copy by post for just
| £1.45 + 40p p & p. If you live outside the U.K. send £2.50 or
| 11 International Reply Coupons. | enclose £1.85.
|
|




