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) Cirk
4 bigger and better.
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Bumper new edition of the Cirkit
Catalogue out now, containing
128 pages packed full of
electronic components and
accessories. Available from your
local newsagents or by post from
us. The Catalogue includes:
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Kits & Modules

7255
A complete high specification FM
tunerset from RF input to stereo audio

BATTERIES
BOOKS
CABLE

CALCULATORS
CAPACITORS
COMPUTER ADD-ONS
PRINTERS
CONNECTORS
CRYSTALS
FILTERS
BOXES
KNOBS
AEROSOLS
HEATSINKS
INDUCTORS
KITS AND MODULES
METERS
PCB MATERIALS
RELAYS
RESISTORS
SEMICONDUCTORS
MEMORIES
MICROPROCESSORS
LEDs
LOUDSPEAKERS
SWITCHES
TEST EQUIPMENT
SOLDERING IRONS
TOOLS
TRANSFORMERS
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output. 40-07255 £42.10
UM1286

Colour video modulator with 6MHz sound

channel. 40-01286  £5.50
REWBICHRON 11

Highly accurate time keeper, decodes and

displays MSF transmission. 12 or

24 hour LED display. 41-00506 £32.49
MSF RECEIVER

60kHz MSF receiver.

Use with Rewbichron II. 40-06002 £10.51
VHF WEATHER SATELLITE RX

136-138MHz VHF receiver for orbitting

weather satellites. Low noise front-end,

PLL detector, audio amp, 6 channel. With

xtal for 137.50MHz. 40-02300 £42.52
912017

Low noise RIAA EQ stereo pre-amp based

on HA12017 40-92017 £1038
PA105

The original, widely acclaimed HMOS power

amp. 100W RMS into 8 ohms. 40-90105 £16.50
SPEAKER PROTECTION BOARD

Offers DC ofiset, thump and thermal

protection for PA105 or any other power

amplifier. 40-00505 £10.40
MINI DRILL CONTROLLER

12-24V DC motor speed controller using SMVF
technique to give constant speed. 40-29550 §921
HEART RATE MONITOR

Effective ECG monitor gives audible and

visual indication of heart rate. Supplied

with program to display waveform on

the BBC. 41-02400 £15.00
RADIO CONTROL TX

A 4-channel proportional FM radio controi

transmitter. 500mW output. 40-94445 5948
RADIO CONTROL RX

Companion receiver. 27TMHz, SN, based

around KB4446 IC. 40-94446 £13.65

Tone Generator & Detector
TONE GENFRATOR AND DETECTOR
Signal generator and detector for
signal tracing and fault finding in audio

circuits. 4101603 £1046
LOGIC PROBE

Universal logic probe for both CMOS

and TTL. 40-01010 £890
PS30

Lab PSU, voltage variabie between 0-30
volts, current limiting between 10mA to
1A. In sturdy pre-drilled case. 40-13030 £69.70

#
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[ To: Cirkit Holdings PLC, Park Lane,

)
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Linear ICs

Device Stock no. Price

TLOSI 61-00081 5036

TLO82 61-00082 5047

TLO84 61-00084 £0.76 /
ZN414 61-00414 5082

1LM380 61-00380 £145

CA3189 61-03189 §220

NE542 61-05420 5260 N
TDA2002 61-02002 5125

ULN3859 61-03859 §295

HA12017 61-12017 50.80
Memories and

Microprocessors

Z80A 26-18400 §2.40

Z80A PIO 26-18420 §2.40

Z80A CTC 26-18430 §250 ’
Z80A DMA 26-18410 §730

Z80A DART 26-18470 £6.10 7/

Z80A SI1072 26-18142 £650

280B 26-28400 £780

Z80B CTC 26-28430 5780

78671 26-08671 £16.00 >
8251 26-08251 £3.10

8253 26-08253 £325 ;
8255 26-08255 £290 :
6116P-3 26-36116 £325

6264 26-36264 §7.40

76132-6 26-06132 £12.00

MC51L01P45 26-05101 £3.16 ’
4116-15 26-24116 5159

4164-15 26-24164 £450

uPD41256C 26-24256 £7.00

2764-450nS 26-02764 £350

2732-200nS 26-12732 5490

2732-450nS 26-02732 £3.00

2764-250nS 26-12764 £350

2716 26-02716 £3.00

27128 26-27128 £5.90

27256 26-27256 £1450

Please add 15% VAT to all advertised prices and 60p :
post and packing. Minimum order value 85 please. We

reserve the right to vary prices in accordance with

market fluctuation.

Just send for our catalogue or visit one of our three

outlets at:

200 North Service Road, Brentwood, Essex. CM14

48G - (0277) 211490, i
53 Burrfields Road, Portsmouth, Hampshire. PO3
SEB - (0705) 669021,

Cirkit, Park Lane, Broxbourne,
Hertfordshire. EN10 7NQ - (0992) 444111.

|
o

Broxbourne, Hertfordshire. EN10 7NQ.

I enclose £1.15. Please send me your latest
catalogue and 4 x £1 discount vouchers! Z
If you have any enquiries please telephone

us on Hoddesdon (0992) 444111.

Name

Address ‘

ETiH

Cirkit

Bigger Stock. Better Service

/

s



55

Gary Herman; Editor
lan Pitt: Assistant Editor
Paul Chappell: Project Editor
Jerry Fowler: Technical lllustrator
Paul Stanyer: Ad. Manager
Caroline Faulkner:
Classified Sales Executive
Debra Barrie: Copy Control
Dave Bradshaw: Group Editor
— Electronics
Peter Welham: Publishing Director

PUBLISHED BY:

Argus Specialist Publications Ltd.,

1 Golden Square, London W1R 3AB.
DISTRIBUTED BY:

Argus Press Sales & Distribution Lid.,
12-18 Paul Street, London EC2A 4JS
(British Isles)

PRINTED BY:

The Garden City Press Ltd.
COVERS DESIGNED BY:
MM Design & Print.
COVERS PRINTED BY:
Alabaster Passmore.

ABC

Electronics Foday s normally published on the tirst kri
day in the month preceding cover date Ihe contents
ot this publication including all articles, designs, plans,
drawings and programs and all copyrnight and other in
tellectual property rights therein belong to Argus
Specialist Publications Limited All rights conterred by
the L aw of Copvright and other inteliectual property
rights and by virtue of international copyright conven-
tions are specitically reserved to Argus Specialist
Publications Limited and anv reproduction reauires the
prior wrtiten consent of the Company 1985 Argus
Specialist Publications Ltd All reasonable care 15
taken 10 the preparation ot the magazine contents, but
the publishers cannot be held legally responsible for
errors Where mustakes do occur, a correction will nor-
mally he published as soon as possible aiterwards All

Member of the
Audit Bureau
of Circulation

prices and data contained in advertisements are ac
cepted by us in good taith as correct at time of going to
press. Neither the advertisers nor the publishers can be
held responsible, however, tor any variations attecting
price or availahility which may occur arter the publica
tion has closed tor press

B Subscription Rates. UK £16.30 including
postage. For further details and Airmail rates
utc, see the Readers’ Services page.

INOVEMBER 1985VOL 14 NO 11

EDITORIAL AND ADVERTISEMENT OFFICE
1 Golden Square, London W1R 3AB. Telephone 01-437 0626.

Telex 8811896.
FEATURES _
DIGEST....vveesseeennnnnnns. 7 AUTOMATICTEST
We write the news and the EQU'PMENT .................. 19

readers’ digest.

READ/WRITE................. 13
Is this what they mean by mail
order?

SAWDEVICES ................ 14
Andy Armstrong was backward until
he saw these devices.

W.P. Bond gives us the benefit of his
simulating thoughts.

DESIGNING TRANSISTOR

STAGES ........cciviiiinnnnn 22
Allthe world’s astage, says Les Sage,
but some stages are transistorised.

WOMENANDIT.............. 25
Where are the women in the infor-
mation technology industry? Anna
Paczuska has the information.

PROJECTS

MEMORY SCOPE DISPLAY ....28
lan Marshall kicks overthe traces in
this project with go-slower stripes.

RHYTHMCHIP ............... 33
Geoff Phillips takes his metronome
to the PROMs.

MODULARTESTGEAR......... 36
Mike Meakin’s latest board gener-
ates waves, even away from the
sea.

SWITCH-MODE
REGULATOR ................. 40
How to get 1A at 5V steadily and
without any ICs.

MILLIFARADOMETER........... 44
Time to measure those large capaci-
tors with Ray Bold’s meter.

CHORUSUNIT ............... 48
All together now — lan Coughlan’s
chorusunitmatches his earliernoise
gate.

ENLARGER EXPOSURE

METER ... 54
Get bigger and better pictures with
Doug Bollen's darkroom assistant.

CYMBALSYNTH .............. 58
D. Stone brings you the clash,

electronically.

THE SECOND LINE OF
DEFENCE..............ovnnnnn 60
Vivian Capel alarms his house with
this prcg‘ect butkeeps hisown peace
of mind.

DIGITAL SOUND SAMPLER. ... 63
Try out the first part of this sample
project.

ETCETERA

TRAINS OFTHOUGHT........ 70
Get on the right track with Roger
Amos.

OPEN CHANNEL.............. 70
Keith Brindley's new definition of
TV.

ETiI NOVEMBER 1985

ALF'S PUZZLE. ... vveeerennn.. 71
INFORMATION
PCB SERVICE..........seepage7 FOILPATTERNS............... 66
COMPETITION ...ooonnnnnn, 12 CLASSIFIEDADS........ovo.. 72
NEXT MONTH'S ETI .. ooonoos. 65
L o SR a7
3

www americanradiohictorvy com



TRANSISTORS BFXB! 45 | OC75/76 S5 | ZTX501.2 2N42B6 25 [4041% 90

) 15
BF x84 35 | O0B1/82 50 | 2TX503 18 | 2N4289 25 |40UTb 95
R N I AC126/7 B8C547/8 BFX85/6 3% /| OC83/84 70 | 2TX504 25 | 2N4314 78 [40324 100
. AC141/2 BC548C BFY50/51 30 1| OC170/71 786 ) 2Tx531 125 { 2N44a00 25 |40426 70

AC176 BC556/7 SFvs2 " 30 [0CTO 40 | Z1xsco 25 | oNada7 80 |eodi 90
; AC187 BCS58/9 BFvsy  3s1| OC200 75 |2N697 23 |i2N4g71 55 |a034n 120
250 High Street, WATFORD, WD1 2AN, HERTS. AC188 BCY33/40 88 | BFYS5/56 58 f1IP29a 32 | 2N698 40 { 2N5135.6 30 |40360 60

MAIL ORDE ACY19/21 BCY41 42 BFY6a 40 | 11P29C 38 [ 2n699 48 | 2N5138
R & RETAIL SHOP ACY22741 BCvas 50 }.BFYBT 120 | TP30A 35 | 2N706a 25 | 2N5172

Tel: (0923) 37774 Tix. 8956095 WATFRD AD142 BCv58/59 36 | BFYS0 80 | TP30C 37 | 2N708 25 | 2N5179

AD149 8Cyro7r 18 | BRY39 50 | Tie3ta 38 [ 2N9'8 40 | 2N5180
] AD161 BCy7z 25 | BSX20 30 | TP31B 39 [2N1131 2 40 | 2NS190
All Devices Brand NEW & Fully guaranteed. Send " 1eques, P.Os. & Bank [4P!82 BCY78 30 | BSX26/29 45 | TIPI1C 45 ] 2N1302 45 | 2N5192
Draft A ESS o - AF115/6 AD11a 190 | BSY26 35 | 1P324 43 | 2N1307 707 | 2N5305¢
raft or ACC /Master Charge & VISA card number with order. AF188 9s | BSY95 35 | TIP32C 45 | 2N1671B160 | 2N5as7
Government & Educational Establisnments’ OFFICIAL orders accepted. |ari3e® 49 |B2124.,,'s5 | 80205 180 | 1pasc 79 IN2%en 20 | Insans
P&P add £1 to all Cash orders. Overseas orders, postage chrged atcost AIR | 4178 BO133 . 70 | BU206 200 | TIP32a 88 | 2N2220A 28 | 2N5T77
AF186 BD135 45 | BU208 200 | TIP3aC 108 | 2N2221a 25 | 2N5B79
/SURFACE. PRICES SUBJECT TO CHANGE WITHOUT NOTICE AND |arz239 BO136/37 40 | BUYSSC 225 | 1IPISA 120 | 2N22224 25 | 2N6027
AVAILABLE ON REQUEST. acior 1 : MDE001 250 | TIP35C 130 | 2N2368 25 | 25A671
8C107B MJ2955 90 | TIP36A 130 | 2N2369A 18 | 25A715
0o BC108 MJE170 150 | T1P36C 140 | 2N2483.4 27 | 25Ca95
VATE:poaovdevskNr? VAT. UK customers please add 15% VAT to the total order costincl. | o< 0g0 o p MJE180 150 | TIPa1a 80 | 2n26a6 48 | 25Ca06 &8 |HC!0 $5
p&p. We stock thousands more Items, it pays to visit us. Nearest Underground/British | sC108C MJE340 84 | TIPa1B 52 | 2N2904 5 28 | 25C1061 250 ngzo g:
Rall station: Watford High Street. FREE Car Parking for Customers. Open: Monday to Saturday: | BC109 MJE370 100 | TiPa2A 55 | 2nz906 7 28 | 25C1096 63 :cig 135
9.00am to 6.00pm BC1098 14 |BB37a 70 | MJE371 100 | TPa2B 58 | 2N2907a 28 [ 25C1162 45 | ENY &
BC109C 14 | BDa3a 70 | MJES20 85 | TIP120 70 | 2N2926G 10 | 25C1173128 nc?a 0
ELECTROLYTIC CAPACITORS Laiues nuF S00v 10u(52 4778p 63V 047 10.152233.478p1010p, | BCT14/5 30 180517 75 e 22 o nez2 73 2~33:i 25 | 251306 100 | 00 o
152212p 33 15p 47 12p 66 20p 100 19p 220 26p 1000 70p 220099p: 5OV 68 20p 100 17p: 220 24p. | BG117/8 25 } 80645 80 | ME2350 JIZI00E U || ERED B3 || EReate U |l oisiep o
40V 2255 3312p 330 420325 1000 489 2200908 25V 1 5 47 1022 47 8p 10011 150125, 220 15p, | EC137/9 40 | BO69SA 150 | MIEIOSS 70| DEial 120 | INI0ES 0 | 20K eTa 40 |nCios 78
X 7032p 1000 48p P B p. 10011p P.22015p. [ BCra0 38 | BOEIE. 150 | MPF102 40 | 11P2955 70 | 2N3252 48 | 25C1678 140
33022p 47025p 680 100034p 50042p 220050p 330076p 470092p 16V 47 66 1009p. 12512p.330 | BC142/3 38 |BF115 a5 | MPF103 30 | TIP3055 70 | 2N3441:2140 | 25C1679 180 “2‘39 ‘gg
16p 270 20p 680'34p 1000 27p 1500 31p 2200 26p 4700 72p 8C1a7 12 |BF1sas 30 | MPF104 30 | TiS43 50 | 2N3614/5180 | 25C1923 85 [N 123 5
BC1478 15 |BF1a7 35 | MPF105 30 | TISaa's 45 | 2N3663 20 | 25C1945225 | NG e
TAG-END CAPACITORS: 64V. 2200 120p: 3300 145p: 4700 245p; SOV: 2200 95p; 3300 155p: 40V: 4700 | BC148 12 |BrF173 35 | MPF106 40 | Ti588A  $0 | 2N3702 3 10 | 25C1963 80 |nC18) 132
180p: 25V: 2200 70p. 3300 85p. 2000 4700 75p: 10000 250p: 15000 270p: 18V: 22 000 200p. BC148B 15 |[BF177 35 | MPSAO5 30 | T1S90/97 30| 2N3704/5 10 | 25C1957 80 ngs 270
- BC149 12 |BFi78 35 | MP5A08 30 | UC734 99 | 2N3706 7 10 | 25C 1969 180 173 120
POLYESTER CAPACITORS: Axisl Lead Type BC149C 15 | @179 40 | MPSA12 32 | vK1010 99 | 2N3708:9 10 | 25C2028 85 :gv“ o
400V: 1nf 1n5 202 3n3 4n7 68 11p; 10n 150 18n 22n 12p; 330 47n SIEMENS oco BC!82L 10 {BF1B4/5 38 Mﬁgws 30 [ VNTOKM ;2 2N3713 140 | 25C2029200 | el 7e (20
68n 16p: 150n 20p: 2200 30p: 330N 42: 4701 52p: 680N 1uf B8p. 2u2 B2 Type Miniature 8C183L 10 [Br194/5 12 | MPSASE 30 | VN4BAF 2N3771 179 | 25C2078170
1000V. 1nF 17 10nF 308 160 80p: 220 36p: TP n (o, (et - ooly Capaciiors 6C18a 10 |@Fige’s 18 | MPSATO 40 | NB6Ar 110 [ 2N3772 198 | 25C2091 85 | NC240 193
a : : : : : (= BC18aL 10 |BF200 60 | MPSUO2 58 | vN@BAF 120 | 2n3773 210 | 2sc231a @6 | =297 00
POLYESTER RADIAL LEAD CAPACITORS: 250V FEED-THROUGH 250 BC186/7 28 |@BFz24a 40 | MPSUOS 80 | WNB9AF 120 | 2N38'9 38 | 25C2166 105
10n 150 220 27n8p; 33n. 470 68n 100n8p: 150n.220n | CAPACITORS s g ESIOQPEE ||ZER 4B || SIS R W || SEEHy x| BReEen s R e
. - - - 3 n3 4n? &n BF245 50 TX109 2N3822 3 60 | 25C2547 40 }
10p: 3300 4700 15p: 6800 19p: 1uS 40p: 2u2 48p. 1000pF/450V 10p | on 15n 70 BC212L 12 | BF256a 45 | MPSUSS “ 80 | ZTX212 28 | 2N3866 90 | 25C2612 200 zgg;g 1554
== 18n, 220 27n BC213 10 |BF¥s6B S0 | MPSUS6 60 | ZTx300 13 | 2N3903 4 18 | 250234 74
TAN.YALUM BEAD CAPACITORS POTENTIOMETERS: Carbon Track. 330397470 Bp BC213L 12 |BF257/8 32 | OC26 170 | ZTX302 '8 | 2N3905.6 15 | 2SKd5 B8O :gg;i ;;g
35V: 01uF 022 033 15p 047 068 Rotary 0 25W Log 8 LIN Values 39n 56n  12p 8C214 10 [BFp59 40 | OC28 220 | ZTX303 25 |.2N390b 17 | 25K288 225 | yCigy 225
10 1518p; 22 3318p: a7 68 22p 470R. 1K & 2K (Linear only: B2n.100n  11p BC214L 12 [ BF275 ss | OC35 50 | Z2TX304 17 | 2Na037 80 | c5uu 240
10 28p: 16V: 22 33 18p:47 6510 Single Gang asp BC237/8 15 |BF336/7 35 | OC36/4y 76 | 21x326 30 | 2na0s8 15 | oBius %0
18p: 16 36p: 22 45p; 33 47 50p: 100 5K — 2M  Single Gang Log 8 Lin  35p | 190V BC2568 35 [BF394 40 | OCA2/75 75 | ZTX45! 23 | 2N40G1 2 15 | IN12K
95p: 10V: 15 22 26p: 33,47 50p: 100 5K — 2M  Single Gang OP Switcn 95p | 1000 1207 100 Beore 1a |Bras. g9 jocTirz S0 21x500 14 | 2Na26a 30 | 3n1a
o B B 150n 1800 12p 1 BF494.5 40 e = —
80p. 6V- 100 55p. 5K — 2M  Double Gang 99p | 7200 270n 15p gg;“a 8o |BFs94:5 30 | RF CHOKES Minlature PCB type
330n. 390n 20 327 FR39'4
MYLAR FILM CAPAGIFORS - SUIDER POTENTIOMETERS B o Ror B3 e e |arAa49 29 | 1ur. 202 a7, 100F 220 30U, 47, 100v. 2200, 330u. 470, 3sp
100V: 1nfF 2 4 4nF 10 6p: 15nF 22n 0 25W lgg and hinear vaiyes 60mm 6800 300 BCaa' 61 34 |BFRB0/AY 25 | MM 1m5.2m2 am? 10mH.- E
30n 40n.a7n 7p: 560 100n 20Cn 9p: 5K — 500K  single gang 80p | 1uF 34p 2u2 50p 8Ca77 40 |BFAgE 105 | 22mH 33mH. 43mH. 4TmH
S0V: 470nF 12p. Graduated Bezels tor above 45p BC516 7 40 |BFx2g 35 | 100mH 220mH
CERAMIC CAPACITORS 50V PRESET POTENTIOMETERS ACCESS CA3043 276 | M51515L  a30 | yDA2004 230 | 7a72 50 | 74293 80
Range O 5pF to 'OnF 4p 0 1W Minature Vertical or VISA CA3045 3as | MSISI6L 478 FTDA2008 320 | 7473 50
150F. 220F 33nF. 470F sp Horizontal 100R to 4M7 8p Justiononsivou CA3048 s | MB3712 200 [ TDa20z0 320 | 7474 45
100nF/20V Tp 100nF/20V Tp 025W Larger 100R 10 3M3 Horz ~ 12p SEaph T CA3059 328 ”‘g:‘;g‘; ;‘s—g Taz030  fe0 | 1412 22
RtoaM cal CA307s 218 | MC1 TDBO079) 420 | ;
POLYSTYRENE CAPACITORS Q25 W EasgeyZ00Rio S TR =T Ce 2P Tet 0923 50234 e s | mcian % | 10170 s0 | 7280 452
10pF to 1nF 8p: 1 5nF 10 12nF 10p. T CA3081 180 | MCI310P 110 | TL4g7A 185 | ;482 100
CA3085 180 | MC145106 69§ | T(507 10 | 7483 100
SILVER MICA (Values in pF) 8131 475 || mmM5303 636 | el w0 | MC1ass 50 | Tis09 o [ 7488 110
23347 6882 10 12,15 18 :‘50 800 mgg‘;h 1278 | Cajso  ase | MC14se 38 | tosice a0 | 7452 199
22,27 33 39.47.50.56 68 75 82 alié TS0 | et ey | camam  tes | MCid9 200 |TiOGXCR 60| fagg 200
85,100,120 150 180pF 150 each pod CAI30 s | MCiidd 898 | TLOBACN 98 7ag0 5
. 8156 400 MM74C922 420 | T a5 | MC1495 300 | TLOTICP 40 | 7491 70
200.220. 250. 270 300. 330 360 B1LS9S 178 RO-3-2513L 700 CA3160 95 | MC1496L 70 | yLO72CP 80 | 7492 110
390 470. 800 B0O. 820  21p each 2102 160 | g0z €25 | RO-3-2513U 880 | Sa3ic sa0 | MC159%6 228 | TLO74cN 110 | 7490 S50
100, 1200, 1800, 2200 30p each 20 275 | 8205 228 | SAASOSD  BTS | ol gq | MCIT09G w0 |TlosiCP 30| (4% 190 T a0
3300, 4700PF 80p g‘:; e | 2 20 | seeo3ea  soo | StRE 0| mcadee 75 | TL082CP S0 | Jage 78 | -ac2as 180
5 8214 a5 | SPO2sealz 475 | CRONL (il | MC340) $0 | TLOBICP 75 | 7497 200 |74C373180
MINIATURE TRIMMERS Capacitors 2352 300 1 goig 150 |- Tumons €03 | DNl 13 | MC3a03 65 | TLOB4CN 100 7aC3744325
2-6pF 2 10pF 22p. 2-25pF 5-65pF 232 poedll 2221 a0 | Tmserigav 72s | PAVEW 2R MCa40s 85 | TLO9ICP 80
30p: 10 88pF 36p 8226 00 | TMSa047 100 1 ¢, 7108 MC3405 180 | UA2240 120
256 K Dram 495 Suo TMS416: 875
26501 s | 2220 ana 4164 200 | 0y ggr grs | MO 80 |UaBSI0 225
RESISTORS Carbon £Im miniature H-Stab 5% EGay oo 8236 00 Wg:;!og? :5; CL7611 95 | MC3487 00 | ULN2003 75
RANGE vai 199 100+ | 27128250 400 | aos = || = e | iCues0 aso | MCKOIE 298 uinoood 7
8250 £11 | Tdsss;23 ase | focl o S | MFI0 300 |UiNz2B 150
025w 202 — 1OM E24  3p 'p 27324 58S | ga51a as0 | TMS601T 500 | Cao 225 | ML924 275 | ULN28D3 180
05w 202 — aM? €12 3p p o ey | 825 1370. | Tms991a  ses | CTE L. o | NESIS 218 |upcs7s  ars
W 202 —10M E12  6p ap e 500 8255 350 TMS9927  £14 ICM72174 780 | NES29 225 [ UPC1025H 375
2% Metal Fam 5151 — 1M E24  6p ap 57128.250 695 8256AC 15 TME9928 €16 CM7224 785 | NES3Y 120 | UPC1156H 295
1% Metal Fum  S1n— 1M E24  5p ap 272562 10ss | 22375 400 | TMS9920  £18 | o0 300 | NE543K 2§ | UPCl1g2 425
8259 400 | ULNZ0O3 78 NES4a 170 | UPC1366 195
100+ pnce apples to Resistors of each type not| 3242 875 UPD7002 “o ICM7555 80 U
I w027 03 8271 £45 00 KCM7556 140 | NESSS 25 | XA2206 365
] 7 | e £15 xgn;% ] seo 250 | NESS6 48 | xp2207 400
RESISTORS NETWORK S.1.L 41641500 200 252,? 1:3 WD;NJ w‘, LA031P 340 | NESSE 170 | xR2211 575
7 Commoned (8 pins) 1001 68010 1K 2k2 4K7 | 4416-2 299 280CPU 25 295 | LA4032 295 | NES60 350 | xA2216 675
8263 450 LA1400 asp | NES64 420 | XR2266 360
10K 47K 100K 18p 5323 258 | 8264 550 | Z80ACPU 4M 199 | T, 20 | NESESA 115 | ZN40S 160
8 Commoned (9 pins) 15011, 18011 27011 3300 1K | 4816:100ns 100 |  gogq e | zeoBCRU g1t | LRI 320 | Neses 140 | ZNa1a 50
2K2. 4K7 6K8, 10K 22K 47K 8 100K  20p. 486415 200 | g7, ess | zeoctc 285 | (ST 0| neserv 130 | zng23E 130
6116-150 200 BT26A 99 ZBOA CTC 310 [ 350 | NESTO 370 | ZN42aE 130
£ 6116L-120 220 | gro; 150 ZBODART 650 | | Ti00 Y20 | NESTY 370 | Zna2sE 350
DIODES BrIUGE 75 SERIES RUIIEERIIEENET T EEPS 150 280A DART 800 0 5532 15
RECTIFIERS 61676 795 LF351 40 [ NESS32 0 | ZN426E 300
87195 %0 2808 2] 75 | NESS34 105 | Zna27E 800
6264L-15 580 | g zBoDMA  7es | LF393
63403 oa | BN S0 LE355 90 | OM335 650 | ZNa28F 450
1A/SOV | e ooy 9602 220 ZBOADMA 925 LFI56 90 RC4136D 55 ZNa29e 240
AAY30 g | 1a100v 20 [75114 150 2oy b4 96374 250 | Z80PIO 250 | | pag, 100 | RC4558 40 | ZNa59 615
BA100 1o | 1aacov 25 |72z tse| o otd S | AM26LS31C 128 | ZBOAPIO 318 | ioog a9e | SaB3200 428 | ZNi034E 200
BY100 15 | 1a/600v 30 125 6$2 ;: AMZ6LS32A 128 B0 S10-1 880 o) 325 | SABI27TI 485 | ZN1020E 665
BY126 12 | 2A/50V 26 154 125) o::; 50 AM26LS 33 150 Z80A SI0 £9 (M301A 30 | SABa209 295 | ZNA234E
BY127 10 | 2a200v 40 [ 75158 150 5;” n | e OD 780802 €9 | Uhoy | 5Ge02 295
CRO33 198 | 2A/300v 42 159 ros | popl o || Guehin e LM308T 75| SO 300
Qag 10 | 2A/600V SO | 7516 3so| gootoin o oAl o 200 AM3T1 45 | SLB270CD 150
Oaa 10 | 6A/100V 83 | 75162 850 | oo, &5 $oarla 150 LM318 135 | SN760003 350
0470 9 | 6a/200v 98 | 582 0 Bn 89 OMBO17 275 LM319 180 [ SN76018 150
0Oa?79 10 | 10a200v 21§ 100 0 ] D748 £33 LMZaA a5 | SN78131 135
0A81 10 [ 10A/600V 296 10| Coioneor eso DOmB131 278 LM334Z o5 | SN7B226n 85
0AB5 10 | 254200V 240 532 360 geysnre = DP8303 450 555Cmos 80 M335Z 130 | SN76477 470
0AS0 8 | 25A/600V 388 | 5355 1es| oS OP8304 350 702 s | wmaar 250 | SN76488 525
0491 8 | BY164 56 150 BES1A €50 | DS3Ba7 600 LM339 a0 | SN764B3 400
6545R1C 899 | [aeoin s | (C9CBen 35
Qa9 8 6551ACIA 650 ) 710 50 LM348 60 | SP8629 250
04200 8 DS88LS120 300 741 8 pir 16 | Lm3ag 125 | SPO256AL 428
0A202 8 6592pC  £20 | psag20 110 M358 s0| 1A1002 485
TNg 14 4 6800 220 | pssszg  vag | (AIC14pe 60 TA7120 120
748C Bpn 35 | LM377 210
IN216 s 68000 €20\ (ggaj, 125 5 TAT204 150
735 8 pu 185 LM379 495 e
1N4001/2 8 o s | opsesaz 200 | 00P0 LM380 os | TA7205 %
Gy 345 i
:::83:,5 g Range 2V7 10 6803 850 E:ggf 29 | se00cy a7s | (mM3Bin 1s0 ;:g?g &
1N4pOE/7 7 | 39V a00mW 6805 670 | D601 g157| ADCO80B 1000 | LM382 W Ao a7
ING148 a 8p each 6808 s20 | rovin s AY 11320 225 | LM3B2 140 ” 7
1N5401 12 | Range 3V31 6809F 850 | ro1sn A AY-1 5050 99 | LM386 90 | TAA900 395
INS4D4 18 | 33V 13W 6810 150 | fDi7 AY-1-5051 160 | LM387 120 | TABI0S ke
1N5406 3 15p sech £820 150 0_59:5‘ €26 AY-1-6720 210 | LM389 160 | TADI0O ‘;’
IN5408 19 6821 10 | romie ze | Av31270 720 | LM303 ea) (11041202 o
1544 ° poes 220 0530 AY-3.1458 350 | LMJ9aCH  3sg | BAS 200
15921 9 6840 375 | 1iDean0IRPIeg | AY38910 390 | LMsSE | i) - £
64100V 40 5843 i) | R Bookler for LM725CN 300 | TBAB4IBXT 300
6asa00v 50 584 650 | (npa02 Ta | Avaeno aso | w3 s ;g::?g 5
6A/80( 60 68455P 750 NSAOBON 1250 AY-3.8912 A4S0 | M1458 35
847 650 pesel Av 513174 630 | LMIB71 300 [ TBAB20 o
ess 60| wegs w00 | L0 See | Lwssa w0 | TCAZ0 380
80 bt m({:mee 100 AY.5.8100 650 | (M2807 395 | TCA2700 350
oo 2 | T 875 Av.o.3500 eso | (M2917 300 | TCA280A 220
750 | MClSnZ T34 cazon 30 | L3900 7o | ICASAO 7S
0 M - 42 CA3012 178 LM3909 95 TCA965 180
6659 MC3446 250 CA01s 275 | tm3sns 17s | TOAI008 310
;30 MC3337P 315 | o g 85 | LM391a a0 | TDAICID 220
VARICAPS g‘ 3;: MC3486 225 | e 00 | M5 s | TDA022 400
8 = MC3487 225 Ca3020 210 | LM3316 300 | TDA102a 110
o I e e ]
105 5 7 CA302BA 110 | 157220 205 ! 350
::‘gse 80854 ::g m‘ws " sg CA3035 255 | M7068 1so | TDA2002 328
3886-2 C M51513L 230 TDA2003 190
881098 160 | wms2800 696 A3036 270 I
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Pvzng WIREING
‘en+Spool. .. 380p
Spare spool 75p
SWITCHES DIP SWITCHES YEROBOARO ! o | SOMES, 10C CONNECTORS PANEL RELAYS
TOGGLE 24 250V SPSTI 4 way 65p, 6 way 80p; B way BSP: 2‘/' o e e +$Spooi + METERS
SEST 35p DPDP 48p 10 way 125p (SPDT) 4 way 190p 2/' -0 2 Combs. -599p pCB  Plugs Femaie Female Minature. enciosed. PCB mount
SUB-MIN TOGGLE 34‘ 5 nn: fro—————— 7} with  latch Hesder Card 805'0 46 « 35mm
SPST oniott  58p o = Fh Pins  Pins  Plug  Edge -50uA (NGLE POLE Changeover
SPDT coover  B4p ROTAFY SWITCHES <5 125p PROTO °E°“ A Stt angle Conct 0-100uA iL.nG| 208R Coil. 1295, (10vs 1o
g:‘g: centre olt 85 Aams!_"able Sx;n typei . 3:;- . :; ;3: ;e[v)‘ebcmrk 320: o - — g-?oo;m 19 5v). 10Aat30V DC or 250VAC 195p
tased boih 1pole/2to12 e/2106 3pole/2to 2 g t P -1m,
e Y G vQ Board 198p | Ediobredoboaid 590 By 1805 110 X H
~ays 105p 4 way 4 pole/2 to 3 way a8p 16 way 130p 180p P 0-5ma DOUBLE POLE Changeover. 6A 30V
DPDY & tags  80p DIP Boara 295p | Bimboard 5750 20way 148p 166p 125p 195p 0-10mA DRSO A
DPDT centre oft 88p Vero Stnp 95p | Supersiip S52 13509 26 way 17Sp 200p 150p 240p 0-50mA AL-113 53R Cod. 6VDC(5V4 109VS) 180p
GPDT biased both ROTARY: Mains DP 250V 4 Amp on/o!t 889 [ "VERD PINS per 100 34 way  200p ::go ::gn g}gv 0-100mA ALB-111 205R Coit 12v DC (10V7 1o
ways 145p Sin " a0 way  220p d P p 0-500mA 195,
gle Ended S5p T 19vs) P
DOPDT 3 positions Vero Tools 50 way  238p 270p 200p 3809 01A X
on.onron 185p ROTARY" (Make a-switch) a",‘fﬁ,ﬁgg"f’ € 1::: :'Dﬂt fage cutiers ::‘5’9 €0 way - — 2309 495p 0-2A :;\7)"‘ Teon Con zavbC E2Y 200
4.pule 2 way 2200 Make a multiway swilch Shatting assammy : o n N5&:4an tool Il 0-25V
Wire Wrape D/E 255p
nas S100 up 0-50V
SLIDE 250V 6 waters (max 6 pole/12 way + DP s»wcn) - 5
FERRIC CHLORIOE OALO ETCH ScoVERetpleact
UK 00 a0 Mechanism only 902 | 11y bag Anhyarous RESIST PEN EURD CONNECTORS ASTEC UNF MOOULATORS
DPDT 1ac/olt 15p g Anhy
DPOY A 13p 128p + 50p p&p Pius spare tip 100p Golo Flasned fom so(m »;.-. £ Standara BMHz 37%p
Conlacts Angie  Stn Angie Wwigeband BMHZ 450p
WAFERS: (make before break) 10 1t the above (ks (o (D (D CRYSTALS
PUSHBUTTON BA swilch mechamsm 1 pole/12 way 2 pole/6 COPPER CLAD BOARDS DIN41617
~i1h 10mm Butlon way. 3 poje/a way 4 pole/3 way 60/2 Way 85p 31 wa 125p — — 175p 32768KHz 100
SPDT iatching 150p Mains DP 4A Switch 1o fit 45p Fbre  Single: Double DIN41612 100KHZ 400 BUZZERS
DPDT tatching 200p Spacers 4p. Screen 8p glass sided  sided 2x232A+8B 200p 175p 220p 200KHz aro
DPDT moment 2000 6 1€ 1000 125p DINAi6t2 A455KH 370 | miniatuce. sohd-state 6V 9V 8 12V 0p
== 6 x12 175p 2250 . 2:32A+C 225p 185p 230p TMH2 265 | PIEZO TRANSDUCERS PB2720 10p
Mini Non Locking ROCKER SWITCHES DING31612 3 x 32 1008M 275 | ULTRASONIC TRANSDUCERS 30KHz47Spr
momoue | oo e 73 commicions |, +81C T monmeopapsomy | it o
16MHz 200
ROCKER 1047250V DPOT c/oft 95p DIL SOCKETS o 1se 1
DIGITAST Switch ROCKER 10A/250V DPST with neon 859 Low Wire | 2,643y - 78p oL png,é:,",g'C” ) ::‘;’;’M 223 LOUDSPEAKERS
Assorted Coiou Prot Wra Miniature, 0 3W- 8
P | 2112 way 180p 14 pin 40p 95p 20MH2 225
75p eacn Bon  Bp 250 | 21i5eay 1650 | 160 45p 100p | T'GBON CABLE 24576M 200 | 2m 3'en 210 din
THUMBWHEEL Min tront mounting swiiches l4pn  10p 35p 2218 way 175p 180 price per fool 312MH 240 | 2'2n 40 64nor BON
Decade Switch Module 275p 16 pn  10p 42p 2.22 :a: 100: .m'.: gg D“: ‘55.':; ;gg: Grey Calor 3 z,aMz 180 |6 x4 Bu *p
BCD Switgh Module 29089 18 pn 18p 52p | 2.23 way 180p - P B 10 way 1Sp 28p 35704m o8 |7 =5 Bu «a5p
Mounting Cheeks (per pair 756 | 2050 206 80p | sieonl rsop24se | (007 2000 235P 16uay 25p 600 | Sggeam 00 |8 :5 8 230p
220 22p 85p | 2.28 way 180p — 20 way 30p 50p 4.0MH2 150
JUMPER LEADS (Ribbon Cable Assembly) 260 250 70p | 2:30 way 280p ZIF TEXTOOL g; way ;°P 630 a032MHz 290
Length 14 pin 18 pin 24 Pin 40 pin 28 pin 28p 80P | 2.36 way 300p way 55p 80p 4194301
GAS/SMOKE v DIL SOCKETS | 34 .o eop 8S5p 9430M 200
DETECTORS Single ended DIP (HeaderPiug) Jumper 40 pn 30p 80p | 2:40 way 320p 20 way 70p 90p 4433619M 100 MONITORS
4 44 2:43 way 400 a
g e 27 sy o0p Zeon  430p | owaytoomrase | LSO 30 .
ul er Plug) Jumper 64 way 120p 160p ® ZENITH — 12" Green, Hi-
TGSB12 or 12 inches. 98p 215p 315p 480p SIL SOCKET 01 Prch 2 40 pin 800p 50MH2 150 .

TGS813 24 nches 210p 235p 345p 540p O D o 5 185MHz - 300 Resolution’Popular £6o
€6 each 36 ncnes 200p 370p 480p 525p ANTEX SOLDERING IRONS ‘D' CONNECTORS S2:265M 390 | @ MICROVITEC 1431, Standard
poideccliol (208 (oD CIrERp el A L ehe) cisw 525p; CS17TW  545p 0 15 28 6144MH; 140 Res. Colour RGB input
O G Single ended 1806 200p 260p 3008 gmws 5:2”‘ :s2sw Paos Maie ey v wer ey gssssmm s 14" moell G GICE

Dare Bits p. Elemenis 230p OMHz 150
Doubie ended 200p 370p 480P 5259 iron Stand 175p. Heat Shunt  30p ioldlﬂlunc ‘5'? 19%9 ;:gp %p 7168MHz 178 | ® MICROVITEC 1451 147 o
ngle pins 4 3 P P 7 7328MH2 250 | A
VOLTAGE REGULATORS SOLDERCON PINS PCB pins 100p 100p 180p 250p s goo Medium resolution 2207
1A TO220 Plastic Casing Ideal tor making SIL Famale 80OMHx 1%0 | ® KAGA 127 Med-res RGB
103V 606V SO 12O 1Py 18018 6 T s ool | e e e R s oo R oo amg s G olou Jias]licke epicharac
- - -0 - 15018V 5v 7805 48, 7905 50 100 pins 0 Angle pl 150p 200p 260p 390
100mA 130p v 812 s 7508 sop 500 pins 1950 | PCBpine. 1005 1255 195p 3355 382;’3,” oo ters (dea) for BBC. Appie. VIC.
PCB mounting Minature. Spiit bobbin 15V 7815 48p 7912 50p 10.0MHz 175 elc £225 (car £7)
VA v/ 154 45, — C 75 704 7 85 o
Dot et S 3 B d0dh me oo men TSR T0p 06 5| oz 100 | @ KAGA 12' As above bul
BVA: 2x6V/05A 2x9V/03A "2x12V/ ozsA 7924 SOp ALUM BOXES 1DC 25 way D Plug 385p, Socket 450p 107TMHZ 180 Hi-Resolution €310 (car £7)
2x15V/0 24 100mA TQ92 Plastic package 3x2x1" 8sp 12 0MHz 150 tor KAGA
Stanoarg Spit Bobbin type 5v 78LO5 30p  79L05 4sp 4x2%x2 100p 12526M 300 | © Coriecinaleadigies ¢
BVA.  2xBV/O5A  2x8V O04A  2x12v/03A BV 7BLO6 30p - B 4 x 2% x 2% 103p 25 wey ‘D' CONNECTOR (RS232) 14318t4M 170 S
2x15v 0 25A 250p 8v. 7BLOB 30p - - 4x4x2 105p Jumper Lead Cable Assembiy 15 0MHz 185 | Carnage £7 Secuncor
12VA: 224 5V/1A3. 2x5V- 1A, 2x9V/06A 2x12V, 2v 78L12 30p  79L12  45p 4xax2n”  120p 18 iong, Single end. Maie 4759 160MHz 200
05A. 2215V 04A 2x20V'03A 345p (350 pap) 15V TBLIS S0p 79115 45p Sx4xth” 99p ;g‘ :Ono. cs)muée eé\a Fg";:;e S'Ogb 18.0MH2 150
24VA: 2x6V/1 54 2:9V/1 2A 2x12V 1A 2n15V g ong Doubie Ended. M/M 205p
084 2-50\/'02»1 29 ,3:}:915020 p:or ICL7660 245p  TAASSC 50p 2:;; :v:‘,,n 1:3’ 36 |ong_ Do:m: E:ded F/F €10 lgégﬁﬂm ::g
SOVA. 2x6V/4A 2x3V/2 5A 2x12V/ZA 2115V/1 SA :g::gg 3:-‘0’: ;‘Lv‘;';"l- 50p 5 x 2% x 2%" ‘302 36 long Double Ended. M/F 995p 200MHz 150
) A 2530V 4 1 %5
zgonanma AL svosseton | U B s me | Sreid 120 S 335 | SPECIAL OFFER
A D @ e 20*0 3 '5;. LM317K 250p 78H12412v/54 895p RS :aoz AMPHENOL PLUGS 26.69M 150
100VA. 2:12V/4a  2x15V/3A  2:20V/25A LMII7KP  4S0p TBHG5V t0 - 25 8x6x3"  210p I0C SOLDER | 276a8m 170 1+ 10+
2:25V/24 2x30V/1 54 2x50V/1A  955p (75p) LM323K 4500 SA 588 10x4x3° 280 24 waw (EEE plugs 485p  a60p 27145M 180 | 2764-260nS 240p 200
maa7 175 79HG-2 25V P | 24 way IEEE sxt 4850 480 (el
P&P charge (0 be added Over and above our nor > oY - 10x7x3" 2759 ) 4 g 386667M 240 | 27128-250nS 390p 385p
I AT LM723Var  30p -24v SA. 7850 12x5x3"  280p 36 way Cantronics Dlug 37sp  390p 480MH2 240 | G6116LP-120nS 195p 190p
78540 25p 12x8x3" 205p 36 way CentroniCs skt 480p 450p 100 0MH: 285 | 6264LP-150nS 5680p 550p
CMOS 4075 25 | 450 95 2
T AEIE I TurneD PN | BT TELEPHONE
s mie mles sl opro URNED P! SPECTRUM 32K UPGRADE
4002 20 | 4078 25 | 4549 30| ELECTRONICS o :
w0 R CONNECTOR
b o | 082 20 | 1500 s LEDS with Clips o DIl SOCKETS Upgrade your 16K Spectrumto fuii 48K with our
4008 80 | 4085 60 | 4555 so| TiL 209 10 M"';n 40: RAM Upgrade Kit. Very simple to tit. Fitting
4009 40 | 2086 80 | 4556 50 TIL271 GRN 14 LJU 1/4A Mini Line Maste 430p i i
010 4 | 4089 120 | 4557 250 | TIL212 vel 14 ol 430 LJu 1/8A Mni Line Siave 295p iostiucicnseupplied 218
1011 20 | 4093 25 | 4558 120| TiL2202 Red 12 20 pin 60p L4U 24A Line Masler a70p !
4012 20 | 4094 70 | 4559 340 i (;'eer Yellow or 22 pin 70p LJU 2/6A Line Slave 250p
4013 30 | 4095 70 | 3560 110 | Amber 14 24 pin 72 LU 3/4A Flusn Maste 70
4014 sp | 4096 100 | 4561 104} 02 B coiour 28 gm 903 [WIVEV7 Y Flush Slave m:
4015 ap | 4097 260 | 4562 asp | Red/Green 100p 40 pin 120p LU 10/3A Duar Sptilter ssop
4016 25 | 4098 70 | 4566 180 g'_ee;'ve»:ow 115p 4 wAY BT Puug 65p
4099 110 | 2568 250 | 02 Trecolour
:g:; bl et o5 | 1569 175 | Red/Green/Yeilow 85 BBC M ICRO
e mlamoomlEe T AL S COMPUTER CORNER
Wo  osmlawz s las ass| tgnSiGreeno WORDPROCESSING
4163 96 4581 125
ooy ol I & || &5 99| Flashing red @ EPSONRX80F/T Printer €219 PAC KAG E
023 20 | 4175 105 | 4582 100 g2 Lo 85 ® EPSON FX80 Printer, €316
1024 35 | 4194 105 | 584 | gioaretiDe R o ® EPSON FX100 Printér €429
4025 20 | 4408 850 | 4565 65 . ® KAGA/TAXAN KP810 Punter £23 A complete wOrdprocessing package (which can be
Rectangie Stackable D
4026 90 | 4409 850 | 4507 30| gpe ® KAGA/TAXAN KP910 Printer €339 heavily moditied to your requirements. maintaining large
4027 30 [ 4410 725 | 4599 155 | pog Green or Yellow 19 @ BROTHER HH15Dasywheel €329 discount) We supply everything you need to get a BBC
4ai1 750 | 40085 %0
:ggg :4; P g e & ;uangular LEDs T \ ” e 7 Micro running as a word-processor Please call in tor a
ed _ 18 able for above printers to intédace with BEC Micro demonstration
4030 20 | 4415 590 | 40098 42 | “Gieen or yelow 22 Exampie Package:
4031 125 | 4419 280 | 40100 215| | D271 Infra Red 48 ® TEXEPROM ERASER — Erases up to 25 Eproms Has a builtin se.
032 s | 1422 770 | 20100 130 | §F1205 Detector 118 safety switch €30 BBC Mcro. with DFS interface. Wordwise. Twin 400K TEC
4033 130 | 4435 850 | a0m02 140 [ TIL32 infra Red 52 @ SPARE UV Lamp Bulb €8 Disc Drives. 127 High res green momtor Brother HR15
4034 a5 | 4440 900 | 40103 412 | 178 Detector 55 ® C12 Computer CASSETTES in Library cases a5p Daisywheel printer, Beebcaic & Database software on
4035 70 | 4450 380 | 40104 120 | TiIL38 50 e 8. 89 FanFold 1001 7. Disc. 103M Discs. 500 sheets of paper. 4way mains trailing
0% 200 | 4351 3s0 | 40105 220 | 100 7s ’ o AT T R () S G (=17 UESGD) socket, manuals and all cabies
4037 115 “g‘; 450 42105 40 | BARGRAPH Red s N— . )
4038 75 | 45 395 | 401 55 | segments 275 ecuricor Carriage charge on printers is
403 210 | 4501 0| w005 a2 BBC Model B Only £299
4040 as | 4502 s0 | 40109 100 ISOLATORS CALLINATOURSHOP FORADEMONSTRATION ON ANY OF THE ABOVE
:ga; 55 :233 "‘; :g::g ;:; :té‘u ::: ITEMS. BE SATISFIED B8EFORE YOU BUY OR WRITE IN FOR OUR
4. 45 -
procs 1 s 250 | 40161 oa| 1LQ7a 27e OESCRIPTIVE MICRO PERIPHERALS LEAFLET
40434 50 | 4506 100 | 20163 75| THL111 208 70 —
4045 110 | 4507 a5 | 40173 100 "LC‘T? Darington |35 17 ” B B Wl I R Co Wl pUTER
P B B ACON I ® 5',” DISC DRIVES
S - S 1 - VS 4 & ACCESSORIES
4048 so | 51 50 | 40181 220 | Dariingion 136 o
o Rl s|low for the BBC Micro
5 3 7 Segment Dispiays
4050 25 513 150 | 40192 75 Y @
e 2| e 118 | 20193 s | TIL312 3 Ca BBC Model B Only £289
4052 so | 4515 115 | 40194 70 I:tg;? g (}2 ::g R
2516 50 | 40193 75 z (All Drives are supplhied cased with
oo % | a1 78 | a024a 96 | TL3225 cC 140 Power Supply and Uninies Disc) We stock the full range of BBC Micro peripherals
4055 70 | 4518 50 | 40245 196 B’t;g‘? ;3%(: :‘;(5) . Cs200- Foson & . Hardware & Software like, Disc Drives (Top quality
056 = 4519 ;s’ :gah 9| biror3 A 128 pson Single 200K 40 track Double sided 0T Cumana & Mitsubishi), Diskettes, Printers, printer
o d
prosd 900 | sz o | Peers s mggé] Red }§8 & cn,,os = M“su:,s:“ ingle 400K 80T Double sided Paper, Interface Cabie, Dust Covers, Cassette
0 wack switchable. i
:g:(? s;: :ggg |;: 45106 586 | U enca 150 - T s e o £130 Recorder & Cassettes, Monitors Connectors (Ready
1062 s86 | 4527 60 opTO R el ¢17s | made Cables, Plugs & Sockets), Plotter (Graphic
o3 e ‘55‘; :: ng:,, 1:,5, 3 r fleecs %0 * CDBOOS - Mitsubish Twin BODK, BOT 40/B0 track switchable Drive 235 Tablet) EPROM Programmer, Lightpen Kit. Joysticks,
45 12 c ) i
pros 22 | asao 90 | Orre: es] LGOI :Dons 496 + TWIN Disc drive case with Power suppy Sideways ROM Board. EPROM Eraser
e o | 4531 120 | BPX25 250 | hemeeindet onaas . ;ndsﬁ;;):al‘oe:o:s';%nes own drves £35 Machinecode ROM. The highly sophisticated
1 vi ower 1l i .
:ggg £ :235 3:: TBK\‘NJ; :;g gLOY’TED Optical e e supples in 2 fwn case for later Watford's 16K BEEB DFS, WORDWISE, BEEB-
o 2 | 436 250 el O DISC INTERFACE Ky SECU/C0! Carrage on Drves £7) CALC. Software (Educational Application & Games)
1538 70 - ¢ DISCIN KIT complele 588
pris 2 | as3s o D CIDIT (A e 4 llZCa)f%(S. etc.etc. Please send SAE for our descrptive
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SRapid

YElectronics

MAIL ORDERS:
Unit 1, Hill Farm Industrial Estate,
Boxted, Colchester, Essex CO4 5RD.

Tel. Orders: Colchest

Telex: 987756.

(0206) 36412.

“ fusciarcaso o]
V/iSA

=

ACCESS AND

BARCLAYCARD
WELCOME

MIN. D CONNECTORS %
et SOLDERING IRONS CABLES HARDWARE CAPACITORS
v Y wey wey 3
Plugs solder lugs 3%  40p 56p 1 20 metre pack single core connect- | PP3 battery clips | i
Right engle PCB 8% 1300 2000 pegh Antex CS$ 17W Soldering iron 480 I ing cable ten ditferent colours. 755 | Red or blatk crocodile clips & :f;‘;?‘a’&”g'g','g’g‘éz’;’o”- c280
Sockets solderlugs 45p  50p 6%  120p ig""dx"s 72""" bits to suit . Speaker cabie 10p/m | Black pointer control knob 15 N 6p:0.047,0.068, 0.1 - 7p ,06035 :
Right angle PCB 1150 170 2000  350p o e!d o 5W soldering iron 500 Standard screened 16p/m Pr Ultrasonic transducers 396 | 0.22-9p; 033 0.47 |3p 0.86
Cavers e 80P 80p 960 33 and4.7mm bits tosuit 85 W Twin screened 24p/m § P6V Electronic buzzsr 70 8 200: 10 - 23, Bt
Sosrern‘:)\;'zr:p ;’“0;’“"9 tool 480 2.5A 3 core mains 23p/m P12V Electronic buzzer 70 Elec'(rolync radlal or axisl lsads:
; ~ D T D) 70 B 10way cainbow ribbon  26p/ft | BPB2720 Piezo transducer . 75 R0.47/63V, 1/63V. 2.2/63V, 4 1B3V,
CONNECTORS 3 0. 5:‘9 res 22 swg solder 100 20 way rainbow ribbon  47p/ft P64mm 64 ohm speaker 70 [ 10/25V - Tp: 22125V, 47/
g3 9 22 swy sofder 10 way gery ribbon . 14P/ft P84mm 8 ohm speaker 75 s el 2y
DIN  Plug Skt 5 Iron stand for CS/XS irons ; 100/25V - 9p; 220/25V - 14p;
N Plug Jack  Plug Skt 88 » '70 20 way grey ribbon . 28p/tt § 20mm panat fuseholder 25
2pin B B 265mm 10p 9 = o 30O D 470/25V - 22p: 1000/25V - 30p;
28! 52 8n Red or black probe clip . 30 ¥ 2200725V -
pin 13p 13p 3.5mm 10p 9 2¢c VERO 4mm terminals 36 =ik
5pin 14p 13p Standardl?, S oy Tag and power supply electrolytics:
P P 20p £2 2 12 way ‘chocolate’ block 2
Phono 105 14p Stereo 250 250 38 SaNn-memn Protobloc 1 breadbosrd 195 uttramin. 6 or 12vrel. SPDT 130 %%%% 11‘4%:1 P ‘z%%‘;
mm 12p amm [l 2
UHF (CB) comecion = ' sE L2 YouopperasizeOtinmanin B BN 30 o012 P — — LRI Snee
PL259 Plug 40p. Reducer 14, 23 Frinc=meo - N, 4n2,3n3,4n7,6n8,10n, 150, 7p;
$0239 squgarso:hasslldskl 4099 88 . g;; 3575 123 ;ggsis 23 ;3'65’5 ig EURO CONNECTORS |2§3 33'1‘ 4?;;06&‘ 8p: 100N, 9p; g
$0239S round chassis skt 40p. 35 t9 Qn BUADES Gold flashed n. 11p, 2200, 13p; 3300, 20p;
1EC 3 pin 250V/6A 82 gi 22 3;2 x :; 390 ;g:g :g ;g:g :g contacts: :‘,L-;"ﬂle ‘::'c'::“'“ 470n 26p;680n, 29p; 1u 33p.
Plug chassis mounting 550 °% "y Gn Fan 4% B (v3i7x 230 M723 40 [BdwayasB 195 230
S 200 R L ] Veropins per 100: O B (m3177 90 78HOS  s50 § B4wev A*C 220 270 Tantalum bead:
ket with 2m fead 1250 $5 9 —5 Single sided 55 f LM323k 420 96 way A+B+C 320 330 0-2‘91 QeefEs, 006”251\10 @35V
£z Double sided 65 |5/|6V 309 22116V - 27p, ®5a
SWITCHES Y g Spot face cutter 150 QGILT oooven 85 R16v-4s0.47/6v-27p: a7/ 18V -
53t 3 Pin insertion tool 190 95 1 70p; 68/6V - 40p; 100/10V - 90p
Submin toggle: ar 2 = Wiring pen . 375 »1N4g01 3} 400V4A 50 BR10O 25 ] Cor. disc. 220-0.01u 50V, 3p sach
SPST 550, SPOT 60p, DPDT 65p. ¥ » Spare spool 75p Combs . 6 § BY127 12 1IN0 5 T T T T a ] it o ren sy 3p oach.
Miniature toggle OA47 10 1N4006 7 ullard miniatura ceramic plate:
NEW1986 CATALOGUE 1.8pF to 100pF 6p each.
SPDT 60p. SPDT centre off 650, OA90 8  1N4007 7
DPDT 70p. DPDT centre off 76p. MICRO 6800 200 6522 330 OA91 7 1N5401 12 Qur new fully itiustra Polystyrene, 5% toi: 10p-1000p, 6p;
Standard toggle 27128250 290 6802 280 6532 520 f OA200 8  IN5404 16 Rapid {ed B0 paga cataiogue  § 15004700, 80: 6800 0.012u, 10p.
SPST 35p. DPDT48p a 6116P3 150 6809 600 6551 540 OA202 8  1N5406 17 | erecteonies ::.0‘:::35'0%&‘60:r Trimmers, Mullard 80B series: 2-10
Miniature DPDT slide 14p. 18 310 626415 320 6810 140 80854 320 [ INO14 4  400mWzen 6 {ines ot the most comp- § PF»229: 2-220F, 300, 5.5650F, 36p
Push to meke 150. 2532 380 416415 160 6821 140 8156 380 f P1N414B 3 1.3Wzenerss 13 etitive prices anywhere!
Push to break 22p. 27320netime 4125615 320 6840 360 8251 350 comics | Costjust £1 Including 40
Rotary type adjustable stop. programmable 2804 CPU 270 6850 165 8253 370 Eeonents|  postage (inciudes £1 a5
1P12W, 2P6W. 3P4W, 4P3W 53p 280  Zg0A P10 270 6852 240 8255 320 o oque | giscount voucher ) or o5
DIL switches: 2732 280 Z8OA CTC 270 6875 500 8259 400 g free with orders over Ba
4SPST 70p 6SPST 80p 8SPST 90p, 2764-250 220 780A S10 700 6880 100 mC1488 60 @ 3mm red 8 5mm red 8 £20in value. Sendtor | 5 BA 400V 95
BCD rotary Hexadecimal 180p 2764-BBC 220  7zgoa DMA 700 6502 370 MC1489 60 M 3mmgreen 11  5mmgreen 11 Your copy today. SOV VM18 DIL 0.9A
Decimal 17 3mmyeliow 11 Smmyellow 11 §% % % % % % & % x % % x [ 1A400V 35 200V
Clips to suit - 3p each
SOCKETS [R5 COMPONENT KITS Mectenguler: |~ TIL32 e § COMPUTER CO OR 1DC CONNECTORS
Py PRt 0.25W Resistar Kit. Contains 1000 0.25W 5% resistors from 4.7 ohrms oreen 12 Tire' ag | 2XE1 2x 23 way sage connactor
14 ple thru to 10M. Quantities depend upon Popularity i.e. 10x10R, yellow t2  ORP12 85 | SPECTRUM 2 x 28 way edge PCB PCB Socket Edge
30x470R, 30x 10K, 25x470K. Just £7.90 D74 95  1L074 185 | sonmsetor wire woap % 500 s & !
Ceramic capacitor Kit. Totat of 250 miniature ceramc capacitors from TIL38 35 TIL100 75 | AMPHENOL PLUGS st 9 R“g
22Rkoly ) ) pustiEC;90) 2NS777 45  Tricolor Led 30 | 24 wey IEEE 1DC. 450 B e
olyester capacitor Kit. Total of 110 miniature polyester capacitors Seven segment displays: 36 way Centronin 1DC 430 10way 70 70 70 >
from 0.01u 10 0.47u ust £6.90 S et Com anode. 16wey 76 80 80 -
Preset Kit, Total of 110 miniature preset resistors from 100R 10 1M DL704 03" 95 DL70703" 95 | Rildauiigaties 20way 90 90 85 130
Horizontal mounting type. Just £6.90 FND5000.57100 FND5070 5100 | Grey Ribbon cable, Price per foot  f 26 wey 105 110 115 165
Radiel Electrolytic Capacitor Kit. A pack containinga totat of 93 o . 10 way 14 34 way 34 way 116 130 130 180
Professional ZIF sockets miniature caps from 1u to 2200u Just £7.50 LoD SlLERLd el ay 140 § 6 way 25 40 way ga f40wey 140 140 145 210
24 pin 430p 28 pin 480p Nut and Bolt Kit. Contains 800 assorted items. 100 each 6BA %in. o LR 08 20 way 28 SOwsy . g0 [D0wav 165 165 170 240
40pin 5950 %in, nuts and wshrs, 4BA Y%in, %in, nuts and wshrs.  Just £3.20 mhighbright 10 Superbeghti30N S v 38 80way . 100 JB0wav 195 195 200 -
40 LM3915 190 NES67 100 TDA1024 90 [CRVSTALS IR,
m 1C7611 210 LM1360C 100 NES70 230 TLO6t 40 m CRYSTALS Rpprmii BOXES
IcL7e21 80 MC1310 150 NES79 195 TLO62 65 arbon film 1+ 25+ 100KHz 235 5.008MHz 240 Aluminium
555CMOS 55 ICL7622 190 130 MC1496 70 NES532 160 TLO64 105 [ UW5%4.70hm-10M 2p  1p WMHz 215 BOMHz 140 3x2x1r 69
556CMOS 150 |CL8038 395 130 MC3302 75 NESE34 105 TLO71 32 M %WS5%4.70hm-aM7 3p 2p [ 5432 200 614d4MHz 150 Bplastic with lid  4x2%x1%” 95
708 35 ICL8211A 200 160 MC3340 130 RC4136 65 TLO72 55 [§ Metal film Tabrem 200 sowmr 1% Rascrews 4x2%x2" 95
741 16 ICM7556 56 85 MFIOCN 330 RC4558 45 TLO74 105 %W 1% 100hm-1M 4o  3p § 335am 199 voowme 19 |71xa6x22mm 50 6x4x2” 120
748 35 ICM7556 150 90 ML922 415 SL486 240 TLO81 28 [f 25+ price spplies to 25+ per 3570M 95 120MMz 170 §36x71x35mm 86 Tx5x2%" 16!
AY38910 390 LF347 90 45 ML924 290 SL490 280 TLO82 45 N value not mixed 40MHz 140 160MHz 200 §140x90x55mm 140 8x6x3" 20
Avgggéz Agg LF351 «;g ] :g Mngs 290 SN76018 150 TLOB4 90
CA: LF353 1 ML926 275 SN76477 380 TL170 50
iste o Lbe % L a; Mion 2 pues 3% Uao 13 Gl R
C2:3053 Iy 200 QUM OCHRERS 25 LM 33 70 ML928 275  SP0256AL2425 ULN2003 80 7412 ag 7aas 105 7483 48 74121 a0 74181 B0 74182 6y
CA3090AQ375 LM301A 30 LM741 16 ML929 275 Speechdata 50 ULN2004 80 M 500 25 7416 35 7446 130 7485 B0 4122 S0 74162 80 74190 o
CA3130E 75  LM311 45  Lm747 60 NES29 225 TBABOO 70 XR2206 395 7401 2B 7417 38 7447 88 7486 38 714123 50 74163 80 74191 72
CA3140E .38 LM318 110 LM74B 35 NES3t 135  TBAB10 65 2ZN414 75 N 7402 25 7420 28 7448 88 7488 140 74125 45 74184 110 74192 75"
CA3160 95 LM324 40 LM1458 35 NE544 170 TBAS20M 60 2ZNA23 100 7403 28 7421 50 7450 28 7490 40 74126 45 74165 80 72193 o
CA3136 100 LM334Z 85 | M2917NB 170  NESE5 20 TBA950 220 ZNA424P 7404 25 7422 28 7451 28 7491 70 74132 S0 74167 200 74134 75
CA3189 260 LM335Z 130 [ M3900 50 NES556 45 TCAQ4D 165 ZN42SE 340 7405 28 7437 30 7453 28 7492 55 74141 80 74170 170 714195 9%
CA3240E 100 LM339 40 | m3909 85 NES565 95 TDA1008 250 2ZN426E 200 M ;406 40 7428 30 7454 28 7493 45 74145 75 74173 90 74196 75
ICL7106 680 LM348 50  1M3914 190 NES66 95 _TDA1022 270 ZNAZIE 580 § 7407 40 7230 28 7460 28 7494 80 74147 130 74174 90 74197 s
7408 28 9432 30 7472 35 7495 60 74148 405 74175 80 74198 160
TRANSISTORS 10 BrRE0 23 N2218A 49 nasy 49 J N9, 10 M 7e0s 28 433 3o 423 35 s4%6 B0 a1z 135 M1 B0 74199 160
ZNTO34E 190 M 7410 28 7437 7474 35 7497 150 74177
10 BFR8T 23 2N2219A 2N4058 10 30 74183 70 8o
ACI25 35 BC158 11 10 BFX29 30 2N2221A 2N4060 TIP3sC 125 f /211 2B 7438 35 7478 45 74100 120 74154 135 74179 90
AC126 30 BC1S8 1 16 BFXB4 30 2N2222A TIPIBA
AC127 30 BC159 10 2N2368 TIP3BC 4016 20 4034 145 4054 70 081 18 4502 50 4529 55
AC128 30 BC160 40 2N2369 TIP41A CMOS 4017 35 4036 270 4055 70 4082 15 4503 45 4e37 50
AC176 25 BC168C 10 TIPa2A 4018 40 4039 270 4059 400 4085 35 4507 45 4534  agp
AC187 25 BC169C 10 TIP120 4000 15 4019 30 4040 40 4060 45 4086 50 4508 95 4538 40
AC188 25 BC170 8 TIP121 4001 15 4020 40 4041 50 4063 75 4080 120 4510 45 4543 40
AD142 120 8C171 10 TIP122 4002 15 4021 40 4042 30 4066 25 4083 22 4511 50 4549 390
AD161 42 BC172 8 TIP141 4006 40 4022 40 4043 45 4067 230 4004 55 4512 50 4653 215
AD162 42 8C177 16 TIP142 4007 15 4023 15 4044 45 4068 18 4095 80 4514 85 4555 35
AF124 60 BC178 16 TIP147 4008 45 4024 30 4046 48 4069 15 4097 260 4515 85  4e56  3s
AF126 50 BC179 18 TIP2955 4009 25 4025 18 4047 S0 4070 20 4098 50 4516 45 Loig 90
AF139 40 BC182 10 TIP3055 4010 25 4026 90 4048 35 4071 18 40106 35 4518 45 4555 110
AF186 70 BC182L 10 ri543 4011 15 4027 22 4049 23 4072 18 40109 100 4520 45 soa4 35
AF239 55 BCi83 10 T1S43 4012 15 4028 35 4050 23 4073 18 40163 75 4521 110 4685 50
BC107 10 8C183L 10 TIS44 4013 24 4029 40 4081 45 4075 18 40173 100 4526 45 4324 140
BC1078 12 BC184 10 T1S45 4014 40 4030 20 4052 45 4076 50 40175 75 4527 35
BC108 10 BC184L 10 Ti590 4015 40 4031 126 4063 45 4077 30 40193 90 4528 40
8C108B 12 Ti591 et
BC108C 12 VN10KM
BC109 10 VN4 AF
BC109C 12 VNBBAF
BC114 22 VNBSAF
B8C115 27TX107
BC117 ZTX108
8C119 ZTX109
8C137 ZTX300
8C139 170 2TX301
BC140 2TX302
BC141 32 2TX304
BC142 ZTX341
BC143 65 Z2TX500
BC147 2TX501
BC148 ZTX502
BC149 10 ZTX503
BC157 BFR4Q 2N118L 22 ZT X504

The Rapid Guarantee

* Same day despatch * Competitive prices
* Top quality components % In-depth stocks

ORDERING INFO. All components brand new and to full spec. Al prices exclude VAT.
Please add to total order. Please add 70p carriage to all orders under £20 in value Minimum
order £5 . Send cheque/P.O. or Access/Visa number with order. Qur new 50 page catalogue
is given free with all orders over £20. Available at £1.00 each. Telephone

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

www americanradiohisetory com
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Industry Hampered By Lack
Of Qualified Staff

shortage of qualified staff is

the main constraint on the
development and use of new
technologies, accordingto arecent
survey of top businessmen.

And while this problem affects
most industrial countries, includ-
ing Japan, British businessmen
seem less ready to invest in re-
search and development than do
their foreign counterparts and see
the benefits of new technology in
narrower terms,

The poll was carried out by the
management consultants PA
Technology, and involved 176
chief executives and company
directors from Britain, Japan, the
United States, Germany and the
Benelux countries. Twenty-two
percent of those surveyed cited
shortage of qualified staff as a
major constrain while none of
them felt that high interest rates or
trade union activity were barriers
to innovation.

The Japanees, it appears, are
worried about both the quantity
and the quality of the skilled staff

they produce. Britain was not
thought to have any problem with
the quality of staff,particularly
graduates, but was not felt to be
making the most effective use of

them.
On research, a third of all busi-

nessment interviewed outside the

UK said that the emergence of new

technologies had led them to

invest more, whereas in the UK the

figure was only 6%. More than half

the British businessmen admitted

to knowing little or nothing about

the services offered by universities

and other research institutions

while their Japanese counterparts
were well informed and highly
satisfied with the effectiveness of
their research bodies. The Japan-
ese also placed more importance
on pure research than any of their
competitors.

None of the Japanese respon-
dents mentioned technology as a
means of reducing production
costs or increasing production
rates. By contrast, the Western
countries all placed more impor-
tance on this factor.

Scanspeak Loudspeakers In Kit

Form

W ilmslow Audio can now

supply kits of parts to en-
able constructors to build any of
the loudspeakers in the Scan-
speak DIY range.

The kits are based on designs in
The Scanspeak Handbook, which
describes a number of loud-
speaker systems which can be
constructedusing Scanspeak drive
units. Among thefeatures of these
designs are the use of phase cor-
rection rings to space each drive
unit the correct distance away
from the front of the cabinet and
the incorporation of a vented
loading system.

The drive units are said to
employ a symmetrical drive
system which ensures that cone
excursions in each direction are

identical, removing the rise in
impedance at high frequencies
ahd thus simplifying crossover
design, and they also use hex-
agonal cross-section wire in the
voice coil. This is said to remove
the tinyairgapthat normally exists
between windings, improving
heat transfer and hence the
power handling.

The cabinet panels are
machined from Medium Density
Fibre (MDF) board and Wilmslow
can also supply a variety of iron-on
wood veneer finishes. They will
supply The Scanspeak Handbook

free-of-charge.
Wilmslow Audio Ltd, 35-39

Church Street, Wilmslow, Chesire
SK9 1AS, tel 0625 — 529599.

Micro Chips
Off The Old
Block

enaulthave cutin half thetime

taken to produce a life-size
model of a new car by using a
computer-controlled robot. An
articulated arm cuts the required
shapeoutofagiantblock of plastic
and the model can be ready for
finishing and painting in just two
days.

Traditionally, it took twelve to
sixteen weeks to progress from
the initial rough sketches of anew
car body to the stage where a life-
size, three dimensional model
was ready. Part of the time was
taken up in the prodiction of
1/5th scale models to enable the
three-dimensional effect to be
appreciated before moving on to
the full size model.

With modern computer aided
design techniques, this inter-
mediate stage is no longer re-
quired. The stylist can create an

ETI NOVEMBER 1985

image on a touch sensitive screen
and then rotate and manipulate it
toassess the design and make any
changes necessary. When every-
one is satisfied, the program can
be used to control the robot and
life-size model quickly produced.

The process is being developed
at Renault's Technical Centre at
Rueil, near Paris. They claim that it

has reduced the time required for
the initial stages of the design
process to between six and eight
weeks, with consequent reduc-
tions in the cost It also frees
designers to work on more valu-
able tasks.

Renault UK Ltd, Western
Avenue, London W3 )RZ, tel 01-
992 3481.

www americanradiohistorvy com

ETI Printed
Circuit Board
Service

e are pleased to be able to

W announce that we have at
last appointed a new supplier and
will shortly be able to resume this
service

We expect to be abie to start
clearing the backlog of boards on
order in the next week or two and
would hope to have everything
back to normal by the time the next
issue comes out.

However, we would be grateful
if readers who are thinking of
ordering boards wouid hold on for
alittle longer and let us get things
straightened out first. For this
reason we have not printed the
PCB Service page again this month
but hope to include it, with any
price changes occasioned by the
change of supplier, in the Decem-
ber issue.

We would like to thank our
readers for their forebearance dur-
ing this difficuit period.

’



EX-STOCK INTEGRATED CIRCUITS

4164 200ns D RAMS B tor€£14,.954118 300 ns €1.50
2112 £€10.00 2114 £2.50 2102 £2.00 8116 €2.50
EPROMS 2716 €450 2732 £300 2764 £495
27128 £550 8800 £2.50 6821 £1.00 88A09 £8.00
8B09 £10.00 8085 £5.50 8088 £15.00 8251 £7.00
8748 £15.00.

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

OMPUTER WAREHOUSE &

sesrees HOT LINE DATA BASE - +-1 -+

5 DISTEL <

« The ORIGINAL FREE OF CHARGE dial up data$
‘ base. Buy, browse or place YOUR OWN AD fors

sssasaasay

1ooo's or
FOR cAmm?

PRINTER / TERMINAL SCO0P

<

A MASSIVE purchase of these attractive stand aloné
terminal units enables a SUPER BARGAIN offer. Made b
the US GENERAL ELECTRIC CORPORATION the G
MODEL 30 features a standard QWER 80 key
electronic keyboard coupled to a quality bu||t matrix
printer with variable 3" to 9.5" forms tractor. The printer is
capable of continuous duty printing, with up to 120

Japanese aalf !e g!t, g irack douEle sl;ed

disk drives by TEAC, TOSHIBA etc. Sold as
NEW with90 d uarantee ONLY£125.00.
SUGART SM S FH 35 TRK £55.00
SIEMANS FDD100 SS FH 40 TRK £75.00
carriage on 5%" drives £5.50

Brand NEW metal caseswith internal PSU etc
for above drives, below cost!l!

DSKC 1 for2 HH or 1 FH 5%" drive £39.95
+pp£4.50DSKC 2 for1 HHor1 FH5%" drive
£29.95 + pp £4.50

8" Refurbished standard units.

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

Wéﬂ%iiﬁg‘??&‘ Fn1s2maor10case
complete with PSU etc, £595.00
8" DRIVE PSU for 2 drive units £45.00

Hard Disk Drives

DRE/DIABLO Series 30 2.5 Mb front load,
£525.00, Exchangeable version £295.00
ME3029 PSU for above £95.00

DIABLO 44/DRE4000A,B 5+5 Mb from

ﬂgWK 5+5 Mb £795.00
CDC 9762 80 Mb RMO3 etc £2500.00
PERTEC D3422 5+5 Mb £495.00
ggg%IME 10MB STS506 Winchester NEW

g{\SF (()51 72 23Mb Winchesters, as seen
Carriage on other drives £10.00.

Unless stated all drives are refurbished with
90 day guarantee. Many other drives and
spares in stock — call sales office for detaiis.

SRR,

Join the communications revolution with our
super range of DATA MODEMS, prices and
specifications to suit all applications and
budgets . ..
BRAND NEW State of the art products.
DACOM DSL2123 Multi standard 300 300,
1200-75 Auto answer etc. 268.00
DACOM DSL2123AD Auto dial, smart
modem with multi standard AUTO SPEED
detec( and data buffer with flow control
£365.00

DACOM DSL2123GT The CREAM of the
mtelhgem modems auto dial, auto call, index,
buﬂer etc £498.00
ST EBECK SB1212 V22 1200 baud FULL
DUPLEX, sync or async, optional auto dial

85.00
TRANSDATA 307A Acoustic coupter 300
baud fult duplex, originate only,
RS232 49.00

Ex BRITISH TELECOM full spec, CCITT,
ruggedised, bargain offers. Sold TESTED with
data. Will work on any MICRO or system with
RS232 interface.

gATEk?B 300 Baud Modem see SPECIAL

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

MODEM 20-1. 75-1200 baud. Comgact unit
for use as subscriber end to PRESTEL
TELECOM GOLD. MICRONET etc £39.95

+8p £6.50

MODEM20-2 1200-75 baud. Same as20-1 but
for computer end, £85.00 + pp £6.50

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

COST OVER £800 Our price ONLY £199

f’? £8.00
DATEL 4800, RACAL MPS4800 baud
modem, EX BT good working order. ONLY
£295.00 + pp £8.00

SUMMER OFFER
MODEM TG2393. Ex BT, Up to 1200 baud. full
duplex over4 wire or haif duptex over 2 wireline.
ONLY £85.00 PER PAIR + pp £10.00

For more information
CONTACT OUR SALES OFFICE

8LE BATTERIES .
Dry Fit MAINTENANCE FREE by Sonnenschein 8 Yuasa ¢
A300 07191315 12v 3ah as RS 591-770 NEW £13.95 :
A300 07191312 6v 3ah as RS 591-360 NEW £9.95 .
A300 07191202 6-0-5v 1.8ah as RS 591-382 Ex Equip o
£599 3.6v 100 mah PCB mount as RS 591-477 NEW K100 @00 0eeeeeecsesescccscosnsaosesesccee

Keep your hot parts COOL aHfRELIABLt with
our range of COOLING FANS
ETRI 126LF21 240v 5 blade equipment fan
Dim. 80 x 80 x 38mm £9.9
ETRI 88XUOI Dim. 82 x 92 x 25mm
240v equipment fan, complete with finger
uard NEW £9.95
OULD JB-3AR Dim. 3" x 3" x 2.5 compact
very quiet running 240v operation.
NEW €6.95.
BUHLER 69.11.22 8-16v DC micro miniature
reversible fan. Uses a brushiess servo motor for
extremely h'?h air flow, also silent running and
uaranteed 10,000 hr lite. Measures only 62 x
2 x 22mm. Current cost £32.00. QUR PRICE
ONLY £12.95 complete with data
MUFFIN-CENTAUR standard 4" x 4 x 125
fans 110v OR 240v NEW at £10.50 or tested
EX EOUIPMENT 240v£6.25 or 110v £4.95.
1000's of other fans Ex Stock.
Call for Details. Post & Packing on all fans £2.00

WERTY KEYBOARDS

‘Manufacturers BRAND NEW surplus.
ALPHAMERIC 7204/60 Full travel ASCII,
60 key with parallel output and strobe.
£39.95

DEC LA34 Uncoded keyboard with 67
quality gold plated switches on X-Y matrix —
ideal micro conversions etc. £24.95
AMKEY MPNK-114 Superb word processor
chassis keyboard on single PCB with 116
keys. Many features such as On board

Micro, Single 5v rail, full ASCIlI coded
character set with 31 function keys.
Numeric keypad, cursor pad and 9600 baud
SERIAL L ASCil OUTPUT!! ONLY

£69.00 with data.

Carriage on all Keyboards £3.50

ELE{S EY VUTEL

Manufactured by
PLESSEY Ltd this
compact unit, only
slightly larger than a
telephone, features an
all in one TELEPHONE
24 x40 character CRT
screen, VIEWDA
PRESTEL modem
Keypad and electronics to run as a fully
fledged PRESTEL terminal or telephone
Ready to plug direct into a BT 600 type jack
socket and instantly connect you to
PRESTEL etc. Many other features include
Memory diatling, Recall button, Off line screen
data storage, Picture expand, Standard
Mullard LUCY chip set, Integral 5 JVC crt
monitor, etc etc. Designed to sell to the
EXECUTIVE at over £600" But from
DISPLAY, BRAND NEW AND BOXED at
onty £89.00 for DTMF tone diai or £140.00
!(t:)r s(andard DIAL PULSE version

s goods or services to sell. 1000's of stock items, ®
spares and one off bargains. Updated daily. ¢
ON LINE NOW. CCITT, 8 bit word, no parity.
For 300 baud modems call 01-679 1888
For 1200-75 baud modems call 01-679 6183

characters per line. Standard RS232 interface accepts
« ASCIldata at 110. 150 or 300 baud. Ideal for Terminals,
« Dataloggers, local Iabel printing, or just as a printer! Sold
e TESTED with data ONLY £95.00 Aiso available with
.
.
*

TWIN MAGTAPE CASSETTE unit for data capture, data
preparatcon etc £150.00 Carriage £10.00.

COLOUR AND MONOCHROME
MONITOR SPECIALS

‘SYSTEM ALPHA’ 14" COLOUR MULTI INPUT MONITOR

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

etc etc.
This Must be ONE OF THE YEAR'S BEST BUYS
Supplied BRAND NEW and BOXED, complete with DATA and 90 day guarantee.
SUPPLIED BELOW ACTUAL COST-ONLY £149.00

DECCA 80 16" COLOUR monitor. RGB input.
Little or hardly used manufacturers surplus enables us to offer this special
converted DECCA RGB Colour Video TV Monitor at a super low price of only
£99.00, a price for a colour monitor as yet unheard of!! Qur own interface, safety
modification and special 16" high definition PIL tube, coupled with the tried and
tested DECCA 80 series TV chassis gives 80 column definition and picture
quality found only on monitors costing 3 TIMES OUR PRICE. In fact, WE
GUARANTEE you witl be delighted with this product, the quality for the price.
has to be seen to be believed. Supplied complete and ready to plug direct to a
BBC MICRO computer or any other system with a TTL RGB output. Other
features are: internal speaker, Moduiar construction, auto degaussing Circuit,
Attractive TEAK CASE. compact dimensions only 52¢m W x 34 H x 24 [, 90 day
uarantee. Aithough used. units are supplied in EXCELLENT condition, ONLY
99.00 + Carr.
DECCA 80, 16" COLOUR monitor Compositve video input. Same as above
model but fitted with Composite Video input and audio amp for COMPUTER,
VCR or AUDIO VISUAL use. ONLY £99.00 + Carr
REDIFFUSION MARK 3, 20" Colour monitor. Fitted with standard 75 ohm
composite video input and sound amp. This large sCreen colour display is ideal
for shops, schools, clubs and other AUD|0 VISUAL applications. Supplied in AS
NEW or little used condition ONLY £145.00 + Carr.

BUDGET RANGE EX EQUIPMENT MONOCHROME video

monitors.

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

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

fg (?EEEN SCREEN version of KGM 320-1 Only £39.95
9" KGM 324 GREEN SCREEN fully cased very compact unit Only £55.00
9" HITACHI VM-S0BE/K Black and White screen £49.95

Carriage and insurance on all monitors £10.00

GOULD OF443 enciosed, compact switch mode supply with Dg regulated outputs of

+5v @ 55a +12v @ 05a -12v @ 0.1a and-23v @ 002a Dim 18 x 11 x6 cm. 110 or

240v input BRAND NEW only £14.95

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

GREENDALE 19A-BOE gwnch moce 60 watt open PCB with a fully regulated DC

output of 5v @ 6 amps, and three semi regulated outputs of +12V,-12V +15V @ upto 1

amg Dim oniy 11 ¢m x 20 cm x 55 cm. Similar to RS 591-884 110 or 240v AC input.
TED ex equipment. Only £24.95

AC-DC Linear PSU for DISK drive and SYSTEM applications. Constructed on a rugged

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

@ 0.6 amps and +24v @ 5 amps. ghort circuit and overvoltage protected. 110 or 240 V

AC input. Dim 28 x 12.5 x 7 cm NEW £49 .95

SP ClAL 300 BAUD

Another GIGANTIC purchase of these EX
NEW or little used 2B data modems allows US to make the FINAL
REDUCTION. and for YOU to join the exciting world of data
communications at an UNHEARD OF PRICE OF ONLY £29.95 Made to
the highest POST OFFICE APPROVED spec at a cost of hundreds of
pounds each, the 2B has all the standard requirements for data base.
business or hobby communications All this and more'
® CALL. ANSWER and AUTO mode
® Standard RS232 serial interjace
- 2 Now ONLY - @ Built in test switching

® 240v Mains operation
® 1 year full guarantee
® Just 2 wires to

BT 600 Jack plug and cable £2.25 Carriage and Ins. £10.00 [

® 300 baud full duplex
® Full remote control

® CCITT tone standards
@ Supphed with full data ‘l £29. 95
® Modular construction » Y
@ Diect isolated connection ﬁ

g

32 Bigg

All prices quoted are for UK Mainland, paid cash with order in Pounds Sterling PLUS VAT Minimum order value £2.00.
Minimum CreditCard order£10.00 Minimum BONAFIDE account orders from Government Depts. Schools. Universities and
established companies £20.00 Where post and packing not indicated please ADD £1.00 + VAT. Warehouse open Mon-Fri
9.30-5 30. Sat 10.30-5.30. We reserve the right to change prices and specifications without notice. Trade, Bulk and Export

in Way, Upper Norwood, London SE19 3X

VOU TERMINALS

Standﬁrd VDU data entry terminals at give away
prices!!

QUME QVT108. Current product, state of the art
terminal with detachable keyboard, 12" green
screen, 2 p: agfe RAM, TVI 825 emulation, 25 x 80,
Clock Swive and tiit base, Printer port, Function
keys etc. BR, NEW and BOXED AT ALMOST
HALF PRICE Onl £425.00

AJ510 - EX RENTAL 2780 controlled, 15
green screen 24 x BO display, graphics, cursor
addressing, printer port etc Very good condmon
TESTED complete with manual only £225.01
ADDS 520-Dumbterminal, used, 12" b/w screen
R5232 |nter1ace and printer port. TESTED.
ONLY £125.00

Carriage on PSU's £3.00

RIT H

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

omms line

F
Telephone 01-6794414 Telex 894502 Data 01-679 1888 LK_]

www americanradiohisetory com
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Offshore Computers Conference & Exhbition — October 8-10th
Aberdeen Exhibition & Conference Centre. Conference devoted to
the use of computers in petroleum exploration. Thirty-seven papers
from seven countries will be presented and the costs range from
£160.00 + VAT forone dayto £390.00 + VAT for the full event. Entryto
the association exhbition is free. Contact Offshore Exhibitions and
Conferences Ltd, Rowe House, 55-59 Fife Road, Kingston upon
Thames, Surrey KT1 1TA, tel 01-549 5831.

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

Internepcon UK — October 10/11th
Metropole Hoteland Brighton Centre, Brighton. For details see August
‘85 ET1 or contact Cahners at the address below.

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

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

Cellular Communications International — November 5-7th
Wembley Conference Centre, London. For details see September'85
ET1 or contact Online'at the address below.

Programming In Ada: A Hands-On Workshop — November 12-15th
London: venueto be announced. Course designedto enable program-
mers, engineers and technical managers to write, debut, test and
execute Ada programs and interface between Ada and programs writ-
ten in other codes. Paritipants ideally should be familiar with either
Pascal, C, Fortran or PL/1. The cost is £675.00 + VAT and details are
available from ICS at the address below.

Compec ‘85 — Novemer 12-15th

Olympia. London. Exhibition of protessional computer hardware and
software. for detalls contact Reed Exhibitions, Surrey House, 1
Throwley Way, Sutton Surrey SM1 4QQ, tel 01 -643 8040.

International Test And Measurement Exhibition (ITAME) — November
27-29th

Olympia 2, London. Exhibition and conference covering all areas of
electronic test and measurement. For details see February ‘85 ETI or
contact Network at the address below.

Satellite Communications — December 3/4th

Tara Hotel, Llondon Conterence whichaimsto coverall aspects ot the
subjectincluding DBS SMATV, interactivesernvices, navigation, broad-
casting, technology transter, eto. The cost1s £465.00. Contact Online
at the address below

The Which Computer? Show — January 14-17th 1986
NEC, Birmingham. Exhibition of business computers and word pro-
cessors. For details contact Cahners at the address below.

Electronics !n Oil And Gas — February 4-6th 1986

Barhican, London. Exhibition and conterence devoted to electronic
equipment for surveying, dnlling, pumping, processing and testing in
the oil and gas industries Contact Cahners at the address below.

Electronic Production Efficiency Exposition (EPEE) — March 11-13th
1986 ’
Olympia, London. Exhibition and conference on computer aided
design, manufacture and test (CADMAT) in the electronics industry.
Contact Network at the address below.

Addresses:

Cahners Exhibition Ltd Chatsworth House 59 London
Twickenham Middiesex TW1 357, tel 01-891 5051,

ILS Pubbshing Co (UK) Ltd 3 Swan Court, Leatherhead, Surrey
KT22 BAD, tel 0372-379211.

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

Online Conferences Ltd, Pinner Green House Ash Hill Drive, Pinner,
Middlesex HAS 2AE, tel 01-868 4466.
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Short Circuit
Proof
Transformers

A vel Lindberg have introduced
a range of miniature printed
circuit mounting transformers
which are internally protected
against short circuits.

The transformers incorporate a
positive temperature co-efficient
thermal cut-out which breaks the
primary circuit if an overload
causes them to heat up. The
advantage of this system then
compared with conventional
fuses is that the circuit will be
restored as soon as the transfor-
mer has cooled sufficiently.

Allthe transformers inthe range
have single 240V, 50/60Hz primary
windings and either one or two

secondary windings. Those with
single windings are rated at TVA
andareavailablein6,8,9,12,15,18
and24Vversions. Thedualwinding
typesarerated at 2VAand are avail-
ablein6,7, 9, 12,25 and 28V ver-
sions. The manufacturers claim
that the windings can be connec-
ted in parallel as well as in series.

The overall dimensions of the
transformers are 44 x 37mm x
33mm high and they are designed
fordirect soldering to a printed cir-
cuit board. Extra rigidity can be
achieved by inserting self-tapping
screws through the board andinto
holes moulded in the underside of
the plastic case.

The transformers conform to
BS415 class 2 and to the relevant
IEC and VDE standars. for further
details contact Avel-Lindberg Ltd.
South Ockendon, Essex RM15
57D, tel 0708-53444.

New Maplin
Catalogue

D ue out soon is the 1986 Buyer
Guide to Electronic Compo-
nents from Maplin. 1t will contain
details of a wide range of elec-
tronic components and, as our pic-
ture shows, carries the sort of
cover illustration we have come to
expect from Maplin. It will be avail-
able from high street newsagents
for £1.45 or by post for £1.85
direct from Maplin Electronic
Supplies Ltd, PO Box 3, Rayleigh,
Essex SS6 8LR tel0702 — 552911

Road,

O After 29 years, Quad have
announced that they are ceasing
production of their famous Elec-
trostatic loudspeaker, the ESL
Some 54,000 have been builtsince
they were first demonstrated in
1956 and Quad claim that just
about every loudspeaker manu-
facturer, reviewer and serious
recording studio has used them at
some time and that many still do.
They were suceeded afewyears ago
by the ESL 63, but Quad say that

www americanradiohisetory com

parts for the original ESL will con-
tinue to be available until the year
2,000

® Cosser have published a 12

page full colour brochure which
describestheircapabilitiesin fibre
optics and optical signal process-
ing. Copies are available from the
Publicity Department, Cossor
Electronics Ltd, The Pinnacles,
Harlow, Essex CM19 5BB,
tel 0279 - 26862. ET'
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BBC Micro Computer System

ACORN COMPUTER SYSTEMS
BBC Model B.Speclal offer ..
BBC Modei B+Econet.
BBC Mode! B+DFS..........

BBC Model B+DFS +Econet..

£399 (a)

BBC B Plus ....£409 (a)
UPGRADE KITS

DFS Kit £80 (d)
Econet Kit £55 (d)
1770 DFS Kh oo A9 (d)
ADFS ROM £29 (d)

ACORN ADD-ON PRODUCTS

BBC FIRMWARE

Basic Il ROM ... ..£22 50 (d)
View 12.1 Word Prooessor ROM .£48.00 (c)
Wordwise Plus

BCPL ROM/Disc ..
Disc Doctor/GremIln Debug ROM 220 (d)
EXMON/TOOL KIT ROM .. ..£23 ea (d)
Printmaster (FXBO)/Graphics ........228 ea (d)
ULTRACALC spreadsheet ROM £50 es (c)
VIEW STORE/VIEW SHEET ........... £52 ea (c)
1ISO PASCAL/LOGO........................080 ea (C)
Oxtord PASCAL/G-FORTH/LISP ROM..........
£43 ea (C)

DISC DRIVES

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

Single Drives: With integral psu:

1 x 100K 40T $§ :TS100.... PS100 with psu.........ccccoorcvcrrnnnn........£99 (B)
1 x 400K 40/80T DS :T400... PSA00. ..ot £105 (b)
Dual Drives: (with Integral psu)

Stacked Version: Plinth Versions:

PD200 2 x 100K 40T SS...... D200 ....£205 (a)
PD800 2 x 400K 80/40T DS £260 (a)
3.5” Drives

TS35 1 x 400K 80T DS ...............ccco......£98(b) TD35 2 x 400K 80T DS......................£175 (b)

280 2nd Processor ACCELERATOR (BASIC Compiler).....£56 (c)
6502 2nd Processor ... £175 (a) COMMUNICATION ROM
Teltext Adaptor .. £190 (b) Termi Il £26 (d)
IEEE Intertace £282 (b) CommuniCator ... £57 (d)
Music 500... £ Commstar £27 (d)
RH Light pen DATABEEB £25 (d}
TORCH UNICORN products Includmg the IBM Compatible GRADUATE in stock
For detailed speotﬁcaﬁon on any of the BBC Firmware/Peripherals listed here
or infor ion on our plete range please write to us.
PRINTERS ACCESSORIES
EPSON EPSON

RX80T+ £210 (a)

LX80 the new NLQ printer£219 (a)
FX80T£315(a) RX100+£345(a)
FX100 £430 (a)

JX80 4 Colour Printer £429 (a)
HI80 4 Colour Plotter £375 (a)
KAGA TAXAN:
KP810 £235 (a)
DAISY WHEELS:
JUKI 6100 £295 (a)
BROTHER HR15 £315 (a)

KP910 £339 (a)

Paper:
2000 Shests Fanfold:
9.5"x 11" £13 (b)
14.5" x 11” £17.50 (b)
Labels: (per 1000)
3.5” x 17/16” Single row £5.25(d)
27/16" x 17/16” Triple row £5.00 (d)

32K Internal Buffer Parallel £75 (b)
Serial Interface: 8143 £28 (c);
8148 with 2K £59 (c)

Paper Roll Holder £17 (d);

FX80 Tractor Attachment £37 (c)
Ribbons: FX/RX/MX80 £5 (d)
FX/RX/MX100 £10 (d)

RX/FX80 Dust Cover £4.50 (d)
KAGA TAXAN

RS232 with 2K Buftfer £85 (c)
KP810/910 Ribbon £6.00 (d)
JUKI 6100

RS232 with 2K Buffer £65 (c)
Ribbon £2.50 (d)

Tractor Attachment £129 (a)
Sheet Feeder £180 (a)

BBC Parallel Lead £7 (d)

Serial Lead £7 (d)

BROTHER HR15

Sheet Feeder £199 (a)

Tractor Feed £99 (a)

Ribbons Carbon or Nylon £4.50 (a)

3M FLOPPY DISCS

High quality discs thatoffer a reliable error free performance for life. Each
discisindividually tested and guaranteed for life. Tendiscs are suppliedin
a sturdy cardboard box.

5%” DISCS

40SS DD £13 (c)
80T SS DD £22 (c)

3" DISCS
80T SS DD £39 (c)
80T DS DD £38 (d)

40T DS DD £18 (c)
80T SS DD £24 (c)

DRIVE ACCESSORIES

FLOPPICLENE Disc Head Cleaning Kit with 20 disposable cleaning discs ensures
continued optimum performance of the drives ... £14.50 (¢)
Single Disc Cable £6 (d) Duai Disc Cable . £8.50 (d)
10 Disc Library Case.. £1.80{C)  b0130Disc CASE.....oooo v .6 (c)

MODEMS
— All modems listed below are BT approved

MIRACLE W$2000:

The ultimate world standard modem coverall

all common CCITT standards (BELL stan-

dards outside the UK) up to 1200 Baud. Allows

communication with virtually any computer

syster In the world. The optionai AUTO DIAL

and AUTO ANSWER boards enhance the con-

siderable facialities already provided on the

modem. Mains powered £128(b). Auto Dial

Board/Auto Answer goard ¢) each.

(awanl BT approval) oftware lead £4.50.
n%aooo SERIES

wssooo V2123 (V21E V23) £295 (a)

WS3000 V22 (as above plus 1200 baud fall

duplex £495 (a)

Ask for detalls on WS3000

BUZZ BOX:

This pocket sized modem complies with V21
300/300 Baud and provides an ideai solution
for communications between users, with main
frame computers and bulletin boards ata very
economic cost. Battery or mains operated,
£62(c). Mains adaptor £8(d).

BBC to Modem data lead £7.

40 Disc Lockable Box ... ...£14(c) 100 Disc Lockable Box......... £19 (c)
MONITORS
MICROVITEC 14” RGB:
1431 Standard Resolution £190 (a)
1451 Medium Resolution... ....£240 (a)
1441 Hi Resolution ............ccoccevviiieeeiicineiie e, £395 (a)
1431 AP Std Res PAL/AUDIO ..............cccceenenen, £205 (a)
1451 AP Med Res PAL/AUDIO. ....£280 (a)
1451 DQ3 Med Res for QL ........ ....£239 (a)
1456 D! — IBM Compatible RGB Monitor............ £395 (a)
MITSUBISHI 14” Med Res. IBM/BBC Compatible RGB
............................................................................. £299 (a)

Above monitorsare nowavailablein plastic or metal cases.
KAGA Super Hi Res Vision Ill RGB .. ....£325 (a)
Hi RS VISION Il .ocueieiceeeeeeeeeeeeeeee e £225 (a)
MONOCHROME MONITORS 12”:

Kaga Green KX1201 GHiRes........cc.ccoccevcniinnnnen. £99 (a)
Kaga Amber KX1201 AHiReS........ccccccoccivenee, £105 (a)
Sanyo Green DM8112CX HiRes.............ccccooeeee. £90 (a)
Swivel Stand for Kaga Monochrome...........c.c........ £21 (c)

ATTENTION

Al prices in this double page advertisement
are subject to change without notice.

ALL PRICES EXCLUDE VAT
Please add carriage 50p unless
indicated as follows:

(a) 28 (b) £2.50 (c) £1.50 (d) £1.00

SPECIAL OFFER

2764-25 ..............£2.40
27128-25 ............£2.90
6264LP-15..........£4.50

GANG OF EIGHT CONNECTOR SYSTEMS
INTELLIGENT FAST .D. CONNECTORS EDGE CONNECTORS AMPHENOL RIBBON CABLE
EPROM COPIER (Speedblock Type) 01" 0.156 S s;rm?smc (ECRIEIE)
Copies up toeight eproms ata time and acceptsall ’jf;g"s' Header Rect Eoon | 3 Soay commodore) | o %% | swmypug  Se0p 475p Qway g Wway i
single rail eproms up to . Can reduce pro- 90, 85 120p | 2x 12 20 = 3504 38 Kt §50p 500 ¢ .
gramming time by 80% by using manufacturer's ;o usg 1253 195: 2: : way v 20 — 1205 24 ::: :lug 2 ° 581325 1233 ‘22::’; 5283
suggested algorithms. Fixed Vpp of 21 & 25 volts 26 175p  1S0p  240p 2 x 23- way {ZX81) 175p 220p IEEE 475p  475p
and variapm%pp tactory set at 12.5 volts. LCD N | B cectum  saer 2P| 2awaysu
display with alpha moving message. £395(b). 80 3380 2000 390n | 2x36way PeCtUml Zeon = IEEE 500p  500p DIL HEADERS
1% 43-way 260p - PCB Mtg Skt Ang Pin Solder IDC
i1 D CONNECTORS e e — | 24way700p 36way 750p 18 pin ggp :?gp
f Wa o pin P P
This low cost intelligent eprom programmer can Ny Vs a7 2xomansiooconn 6005 =P | GENDER CHANGERS 18 pin  80p -
program 2716, 2516, 2832, 2732, and with an MALE ] P 25 way D type 20 pin 75p
ad%ﬂon 2564 and 2764. Displays 512 byte page Pins 120 180 230 35 EURO CONNECTORS 24 pin  100p
— has aserial and parallel /O routines Can So der 60 B85 125 17 Plug Socket |MaletoMale.. ... €10 28pin  160p 206p
ge#s?ld as an emulator, cassette inteﬂaze;gs(b) D¢ 176 275 325 - g)!N 3126‘;; StPin 230p 275p yale tlo re;nale A g}g 40 pin  200p 225p
OTEY Blars . . sgEmmmns o 0% fwme oo B @ i e FEMALE: x P emale to Female. .. ...
32 way Ang Pin275p 320,
Adaptor for 2764/2564. £25.00(c¢) St p|3ins :gg ;?8 g;g 338 2 : 5 wo; Stngm 2603 3003 RS 232 JUMPERS
UV ERASERS Solder 90 130 195 290 ?Dé gﬁt"ﬂ g"g Pin 375p ‘:ggl’ s (gsMway D} TECHNOLINE
IDC 195 325 375 - DR|j24i=ingleiendiaie £5.00
All erasers with built in safety switch and mains |StHood 90 95 100 120| 'DCSktA+C 400p | 2 e Fomaie gia3s XlePDng SYSTEM
indicator. Screw 130 150 175 - For2 x 32 way :lease SPeCity |24 Mate Male ga 0 |; Using ‘Prestel” type protocols
UV1B erases up to 6 eproms atatime.. .. 547 ¢) jLock spacing (A + B, 124" Male Female co.50 | for information and orders
UV1T as above but with a timer ... .. £59(¢ phone 01-450 9764. 24 hour
TEXTOOL ZIF MISC CONNS DIL SWITCHES ]
Bw:ﬁ) ggafggv%pggtmtﬁg?ﬁift T ) {b) SOCKETS X 24pintr.so| 21 pin Scart Connector200p 4.way 90p6-way 105p service, 7 days a week.
"""" £88 Ib) § 2570 eo.00 10pin 12| 8 Pin Video Connector200p 8-way 120p 40-way 150p
10 ETI NOVEMBER 1985
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BN oo i wle w LINEAR ICs COMPUTER COMPONENTS
74182 140p | 74151834  78p 174510 50p | 4068 40p wranaUIER" ™
7400 30p) 74184 180p | 7415164 78p [ 74511 78p | 4087 230p so5p DR »: GENERATORS
7401 30pf 74185A 180p | 74L5165A  110p | 74520 80p | 4068 28p | orsst ”,":c,a So0p || TBAZS1 120p rasablo PROMS | MC4044  880pf Z80BCTC  800p |RO3-32513
7402 30p[74190  130p | 74L5166A 180p {74522 80p | 4069 240 | apcosos  11eep) | LM700 %p | TEAB00 o 1080p| 281630 £18| MC14411  960p| ZBODART 680p (U
7403 30p ] 74191 130p | 74L5168  130p | 74530 80p | 4070 24p | aur9100C LM710 ap | TBASIO 00 | 5502 450p 480p
7404 38p| 74192 110p | 7415169 100p | 74532 80p | 4071 24p | aN100 s200p || LM711 100p | TBAS20 80p | crooa asop KEYBOARD
7405 30p| 74193 118p § 74LS170  "140p | 74537 80p | 4072 24p | av-1-8050 100p || LM723 o0p | TBAB2OM 0 | o C02A o185 ENCODERs | |
7406 40pf 74194 110p § 74L.5173A  100p | 74538 80p | 4073 24p | Av-3-1350  3%0p || LM725CN se0p | TBAS20 2009 | s00p b g AY 52378 118
7407 40p) 74195 80p | 74L5174 78p | 74540 50p | 4075 24p | AY-3-8010 480p || LM733 ®p | TBASSO 228p 6800 250p x ULN2802  190p | Z80ADMA  780p |AY 5 3600 780p
7408 aop{ 74196  130p|74LS175  78p | 74551 45p [ 4076 ssp | Avam rMLAY 2 soop (6802 300p 480p | ULNZBXS 1800 | ZB0ASIO-0/1/2  74C022 80O
7409 30p | 74197 110p | 7415181 200p | 74564 48p {4077 28p | CA%019A [C0787 9% IRICAZIG) £ i 263230  880p| ULN2804 100p| /9 700p 74923 009
CA3028A opi LM748 0p [ TCA220 380p |6803-2 £12 o
7410 Wp | 74198 220p | 7415183  190p | 74574 70p § 4078 28p TCAB4O 1 2564 #00p | 75107 00p | 2808P10  800p (Y
CA3046 Top|| LM1011 4a0p T8 | 6609 8500 | ;8 75108 %0p | Z8OBCTC  500p |}
7411 30p] 74199 220p | 74LS190  78p| 74585 300p | 4081 24p | 6o sanpl| L1014 1009 TOATOt0 2% |ca00e e 400p | 75108 B QENERATORS
7412 30p ) 74221 110p | 74L5191 78p | 74586 100p | 4082 259 | Cazos sop|| LM1801 s00p| TDA1022 4009 | capoo £10 g;:f;s:v x s "on MC14411  TS0p
7413 80p | 74251 100p | 7415192 80p| 745112 150p ) 4085 80p | cazoeoc Top|| LM1830 200p | TDA1024 1100 | eonooe  £12) 2ras sop| 75112 160 [comB116  saop
7414 70p{ 74259 150p | 74LS193  80p| 745113 120p 4086 78p | caes oop ][ LM1671 sp| TOATI708  300p [ h e o a2 song | 7511 120p 47028
7416 38p | 74265 380p | 74LS194A  T8pf 745114 120p | 4089 120p | CA3080E op|| LM1872 300p | TDA2002 3 | s 3s0p| 27324-35  ss0p | 75114 140p
7417 40p | 74273 200p ! 74LS195A  78p| 745124 300p | 4093 38p | CAJ080AQ STap || LM1886 s80p | TDA2003 100p 9 2764-25  280p | 75116
7420 30p | 74276 140p | 74L5196  80p| 745132 100p] 4094 90p | CA3130E oop|( LM1838 480p | TDA2004 240p | 803 420p| 7Cei2s  e1g| 75121 140p | 300° ooy [AY>1015P
CA3130T 130p /| LM2917 300p § TDA2006 320p | BOC39 T00p| ;712825 soop | 75122 140p | 5.0, | 300p
7421 sop | 74278 170p | 74L5197  80p{ 745133 60p | 4095 $0p v N e0s0 2y | 0808 420p| Hrioesy R tee  mon|Z 200 |y 5 10199
7422 38p | 74279 90p | 745221 90p (745138 180p | 4096 90p | CASNOE 4o LM302 ]| 75154 10p|21070  %00m
1407 100p | LMIB0O sop | TOA2030 $0p | BOBSA  300p | TMS2716  500p 2111A-35
7423 36p | 74283 105p | 7415240  80p| 745138  180p | 4097 270P | Cineoe o0p | LM00D 100p | TDAZSE3 w000 | 50Cas5A 2200]711 050
7425 40p ] 74285 320p | 7415241 80p| 745139 180p | 4098 750 | Casteie 200p | LM3O11 100p | TDA3810 7800 | aose CRT soopl ;. 7
7426 40p | 74290 $0p | 74LS242  90p (745140  100p | 4099 90p | caaveze s00p | LM3014 380p | TDA7000 300p |0 1750p | SLALLTIN e
7427 40p| 74293 90p | 74LS243 90p | 745151 180p | 4501 38p | CA3189E 70p | LMIS 340p | TEA1002 9% [oe  f12 CRT6027 ?' 75‘72
7428 4374208 180p| 74LS244  80p 745153  180p | 4502 8Sp | CAI40E 180 | LMO016 340p | TLOBICP “op | 18 T ik [
7430 30p| 74351 200p | 74L5245  110p| 745157 200p | 4503 36p | CA3290G 70p | LM13800 150p | TLOB2 0p TMS9980£14.50 | EFgaes co| 75188
7432 38p| 74365A 80p | 74L5247  110p[ 745158  200p | 4504 9sp | 07002 £8 | ME1513L 230p | TLOG4 2P TMS900s g2 | EFsass 28| 75189
DAC1408-8 300p | M51516L 4s0p | TLO71 “op e
7433 30p| 743664 80p | 74L5248  110p]| 745163  300p | 4505 3s0p | DA 280 EF3366 26
C0800 308p | MB3712 200p | TLOT2 Top 250p 75450
7437 30p | 7436A 80p | 74L5249  110p | 745169 550p | 4506 0P | e 200 | Motator Teon | TLo7a el [Een 290p | EF557 £36
MCB845  880p | 75451
7438 40p| 743674 80p | 74LS251  78p|74S174  300p | 4507/4030 e 300y | MC1413 Tap | TLOBT %o | 2808 880p | poos s
7439 40p( 743684 70p| 745253 78pi745175  320p 350 | \iav2e8 100p | MC1458 atp | TLog2 8¢ | 780CMOS 750p [ 78483
7440 40p| 74376 180p | 74LS256  90p| 745188  180p | 4508 1209 | 1cL7108 ¢78p | MC1486L s00p | TLOSS 780 [(CMOS z80) | moBs47 80| 75458
7441 90p| 74390 110p | 74LS257A  70p| 745189 180p | 4510 88p | cL7611 osp | MC1468 70p { TLOB4 100p 'SUPPORT SFF6364 £8| 75480
T442A 70p| 74393 112p | 74L5258A  70p| 745194 300p | 4511 83p | ICL7860 400p | MC3340P 200p | TLOB4 200p DEVICES TMS0918 €18 75491
7443A 100p| 74490 140p | 7405259  120p| 745195  300p | 4512 55p | IcL7e60 200p | MC3401 T0p | TL170 80p TMS9928  £10] 75492
7444 110p 7418260 78p| 745196 350p | 4513 150p | ICLBOGE 400p | MC3403 68p | UAAIOOID  838p [3H 2 8726
ICM72188 £22 | MFIOCN 300p [ UATSO 3%0p 00p aT28
7445 100p 7415261  120p| 745200  450p | 4514 110p e
ICM7217 780p | MK50240 00p } UA2240 130p A80p
74464 100p 74LS266  60p| 745201  320p | 4515 Mop fosd [rvibrasons 7909 | uAaT?0 o 2009 pates
T447A 100p | 74L500 24p | 7415273 128p| 745225  520p | 4516 5p | rese 1a0y | MLS20 S0ap | UCNABOTA  580p 360p 8197 :’7:
7448 120p | 74LS01 24p | 74LS279  70p| 745240  400p | 4517 2200 | 7000 00y | MLB22 400p | ULNZ0034 % ss0p 8796 e
7450 36p} 74L502 24p| 74L5280  190p| 745241  400p | 4518 48 | (G130 300p | MME221A 300p | ULN2004A e | 6532 480p | AD7581 €18 ::tggg e
7451 35p| 74L503 24p| 7415283 80p| 745244 500p | 4519 32p | (cr1a7 3s0p | NES31 120p | ULN2088 290p | 18551 550p :‘:‘w;’:’o 100p il 1009
7453 38p| 74LS04 24p| 74L5290  80p; 745251  250p | 4520 80p | LF3e7 120p | NES44 100p | ULN2802 te0p | 820 O At o Toge 140p
7454 38p | 74L505 24p} 7405292  900p| 745257  250p | 4521 118p | LF381 o0p | NEBSS 2p | ULN2803 100y R ool eizeg 350p | 8815120 180p
7460 55p| 74L508 24p} 7415293 80p! 745258 250p | 4522 00p | LF363 ,80p | NESS6 00p § ULN2804 fhdl B9 378p | AM25L52538 9602 200p 100p
7470 sop| 741509 24p{ 7415295 140p| 745260  100p | 4526 70p | LF35 00p | NESB4 400p | UPCE7S W | coni 9636A 80p 280p
LF356N 110p | NE56S 130p | UPC592H 200p AM26LS31 9837AP 180p 200p
7472 88p| 74LS10 24p{ 74L5297 £9 | 745261 300p | 4527 80p e Yooy | NESEs 180p | UPC1156H 00p 8850 180p s e 1800
7473 88p] 74LS11 24p| 74L5298  100p| 745283 270p | 4528 850 | \ivoc as0p | NES87 1250 | UPC118sH  sonp | 2550 2% 1200 140p
6852 280p | AM26L532 ZNA25ES 350p
7474 Sop| 74LS12 24p| 745299  220p| 745287  228p | 4529 1000 | | yeaota sop | NESTO so0p | xRz10 won | coos vos 1205 | ZN426E8  380p 200p
7475 80p] 74L513 34p| 74LS321  370p| 745288 200p | 4531 89 | Lamao7 aap | NEST1 s00p | xr2208 00p | sansa 00p | 07002 08| ZNA27E  o00p 150p
7476 45p| 74LS14 50p| 74LS323  300p| 745289 228p | 4532 85p | LMaoecN T8p | NESB2 o0p § XR2207 s7ap | sers 800p | DAC80-CB1-V INAZBER  450p 178p
7480 85p| 74L515 24p| 7405324 320p| 745299  580p | 4534 300p | LM310 22%p | NESS3ZP 180p | XR2211 s73p | 154 *50p £20) ZN429E  N0p ::::
7481 180p} 74LS20 24p | 7415348  200p| 745373 400p | 4538 250p | LM3T1 00p | NESS33P 100p | XR2218 78p | 8155 380p | DME131  600p ;::;E x o
7483A 108p| 74LS21 24p| 74LS352  120p| 745374 400p | 4538 78p | LM 100p | NE55334p 130p § XR2240 130p | 8156 3s0p | DPB3C4  380p NS 50
5 LM319 100p | NESS34AP  180p | 2400 100p | 8205 226p | DS3691  380p 300p
7484A 125p] 74L522 24p| 7415353  120p| 745387  228p | 4539 78p | M0 o Tore o Koo w | &2 200p| 0S8830 1409 8271 POA 300p
7485 110p| 74L524 s0p| 74L5356  210p 4541 90p Lmz ‘::: oAl soop | Zn19p rsp | 6218 180p | 0S8831  180p | 8275 £29 180p
7486 42p| 74L526 24p | 7415363 180p 4543 70p LM336Z 130p | RC4136 88p | Zv423E 130p | 8224 300p | DS8BIZ 180p | 8279 £ :’lv
7489 210p | 74LS27 24p| 7415364 1 4551 1009 | | \eae 100p | RC4151 200p | ZNA24E 130p | 8226 a28p| DS8E33  228p azs; 460p poast s ”'z
7490A 55p} 74L528 24p| 7415365  sop 4553 240p | [m300 40p | RCAS58 88p | ZN426ES sop | 8228 bl et ] e S tal 500 2000
7491 70p| 74LS30  24p| 74LS366  50p| 4000 20p | 4555 0p | Luaes sop | S5668 220p | 2vazee s00p | 2249 | Ootese  zean| Esen o8| O76oA  £13|1600 2009
7492A 70p| 74LS532 24p| 7405367 50p | 4001 24p | 4556 30p | LMm3s8P 50p | SAA1900 e18 | DNMA2TE 00p | i 80| MC1488 sopi TMS9801  £14| FDITT1 c20 | 1800 1709
7493A S5pf 741533 24p | 74L5368A-  50p| 4002 25p { 4557 240p | Lmary %00p | SFFo8364 s00p | ZN428E 409 | 02cacs  3op| MC14B9  80p| TMS9901  800p | FO1781 £20 | 18.432 180p
7494 110p| 74L537 24p| 74LS373 90p| 4006 70p | 4560 140p | LM3BON-3 180p | SL490 300p | ZNAZOES 280 | 0y054G-5 MC3448  280p| TMSS902  800p  FO1793 £20 | 19.969 180p
7495 sop]| 74L538 24p| 74L5374  op| 4007 28p | 4566 140p | LM380 150p | SNT6OISN  300p | ZNA4TE £e.80p 320p| MC3459 480! TMSBA1T  £18) FOITS7  £22)|2000 Mg
LM3IS1AN 170p | SN78489 400p | ZNA4OE 300p | g6 €18| MC3470  478p} TMS9914  £14| WD2793 £27 [ 2400 180p
7496 80p| 74LS40 24p| 74LS375  78p| 4008 80p | 4568 240p | LW e Nis0e £ Mot el Jwm | sl worrer oy seo0  mE
7497 210p | 741542 sop| 74L5377  130p| 4009 48p | 4569 170p | V02 ol S5 oo | usece 300 e Ao MostioL o] Zsoamo  2s0p] woies:  £1s] 116 280
74100 190p| 74LS43 150p| 74LS378  95p[ 4010 80p | 4572 48p | vass 0| TA7920 120p | ZN1034E 200p | 825129  178p| MC3486  260p| ZBOBPIO  800p| WD2143  £12 PXO1000 €12
74107 Sop} 74LS47 80p| 74L8379  130p| 4011 24p | 4583 900 | | \sassn-1 1000 | TA7130 1a0p | ZN1040E s00p :
74109 75p| 74LS48 90p | 74053817 450p| 4012 25p | 4584 48p | Lmoe7 270p | TA7204 180p | ZNA134) 23 REAL TIME | We also stock a large
74110 75p| 741549 100p( 74LS385  328p( 4013 38p | 4585 80p | LM3sE 100p | TA7206 sop | ZNA234E 980p CLOCK o of Tra
74111 58p| 741851 24p| 74LS390  60p| 4014 80p | 4724 150p | LM391 100p | TA7222 150p SAA5020  600p nge nsistors,
74116 170p{ 74554 24p| 74LS393  100p| 4015 70p [ 14411 780p | LmoeN 110p | TATI10 180p MM58174AN Diodes, Bridge Rectifiors
74118 110p| 74LS55  24p| 74LS335A  100p) 4016 38p [ 14412 [y — 990p | SAASO30 700 | Triacs Prastic, Thyristors
74119 170p| 74LS73A  30p| 74LS399  140p| 4017 $5p | 14416 300p MSM5832RS SAA5041 £16 | and Zeners. Please call for
74120 100p| 74LS74A  35p| 74LS445  180p[ 4018 80p | 14419 260p SAA5050 details.
74121 ssp| 74L575 45p| 74LS465  120p] 4019 60p | 14490 420p
74122 Top| 74LST6A  38p| 74LS467  120p 4020 80p ::;gg :x 1A +ve +ve [| Low PROFILE SOCKET2BY TEXAS
74123 80p( 74LS83A  TOp| 74LS490  150p| 4021 80p 3% 7805  48p 7805 18 pin 9 "
74125 85p| 74LS85 75p| 74LS540  100p| 4022 70p | 14599 200p [ 7806 s0p 7906 u"‘?"; 7 §|n m g::: m 13 p:: :: 2::: s,
74126 ssp| 74L586  38p| 74LS541  100p| 4023 30p 22100  380p [ 18V 7808 s 7908 S0P | o 11p 28 pin | 16 pin 42p 26 pi 1
74128 55p| 740590 asp| 74LS608  700p| 4024 48p | 22101 700p }g“; ;g:g 45p ;912 Sopk |- bl P! P 2p pin 00p
74132 78p| 74LS91 90p | 74LS610  1900p | 4025 24p | 22102 7000 [ 12V e “-'*?: 73:5 u-'f!';
74136 70p| 741592 SSp| 74LS612  1900p | 4026 90p | 40014/4584 24v 7824  S0p 7924  SOp
74141 90p| 74L893 54p| 7405624  350p| 4027 40p | 40106 5V 100mA 78L05  30p  79L05  4Sp
74142 250p| 74LS95B  78p| 74LS626  228p| 4028 s0p a8p 8V 100mA 78L08  30p
74143 270p| 74L596 90p | 74LS628  228p| 4029 75p [ 40085 120p [ 12V 100mA 78L12  0p  79Lt2  S0p
74144 270p] 74LS107  40p| 74LS629  128p | 4030 38p | 40097 38p | 15V ,100mA 78L15  30p  78L15  Sop
74145 110p] 74LS109  40p| 7415640  200p | 4031 125p | 40098 a0p
74147 170p| 74L5112  4Sp| 74LS640-1 4032 100p | 40100 150p q
74148 140pf 74LS113  4Sp 300p | 4033 123p 140101 128p OTHER REGULATORS MANT74/DL704
74150 178p| 74LS114  48p| 74LS641  150p | 4034 280p | 40102 130p Reguletors MAN71/DL707 650p
74151A 70p| 74LS122 70p | 74L.5642-1 4035 70p | 40103 200p {LM309K 1A 5V 140p | MAN 650p
74153 80p| 74LS123 sop| 300p | 4036 70p | 40104 120p | LM323K 3A 5V 350p | TIL32 850p
74154 140p| 74L5124/ 7405643  280p| 4037 110p {40105 180p | 78HO5KC 5A 5V 575p nt(:
74155 sop 629/140p | 74L.5643.1 4038 100p (40106 48p | 78H12 5A 12V 840p = =
74156 100p| 74LS125  s0p 300p | 4039 280p | 40107 ssp [ 78P05 10A 5V 900p
74157 80p| 74LS126  50p| 74LS644  350p | 4040 80p |40108 320p | Variabie Regulators OTe 40p
74159 17%p| 7405132 65p| 74L5645  200p| 4041 55p |40109 20p | LM305AH 250p TIL112 435p
74160 110p| 74LS133 50p | 74LS645.1 4042 50p 228p | LM317T TO-220 150p RL}ig sop
74161 80p| 74LS136  48p 400p | 4043 s0p 228p | LM317K T03 240p 13'&1‘37 ssp
74162 110p| 745138 88p| 74LS668  90p| 4044 80p 200p | LM337T 3A+VAR 225p i b
74163 110p| 74LS139  58p| 7405669  90p| 4045 00p 100p | LM350T 5A+VAR 400p Sp
74164 120p| 74L5145  95p| 74LS670  170p| 4046 s0p LM396K 10A+VAR £15 90p
74165 110p| 74LS147  178p| 74LS682  280p | 4047 80p 120p | L M723N sop
74166 140p| 74LS148  140p| 74LS684  350p | 4048 ssp 100p | 78HGKC 5A+VAR 850
74167 400p| 74L8151  8Sp| 74LS687  380p | 4049 38p 100p | 79HGKC 5A+VAR 675p
74170 200p| 74L5152  200p| 74LS688  380p | 4050 38p 100p | 78GUIC 1A+ VAR 225p | cxoss
74172 420p| 74LS153  68p| 74LST83  £21] 4051 180p | 79GUI0 1A+VAR 250p | (bl-colour) 100p
74173 140p] 74LS154  180p 4052 1805 | Switching Regulators TI220 Red 13p
74174 110p| 745155 esp 4053 1000 (11 7660 250p
74175 108p| 74L5156 85p 4504 180p SG3524 300p ggv:: 300p
74176 100p| 74LS157  50p| 74500 4055 100p | T ags 300p Dmv“mp
74178 150p] 74L5158 780 1497
74LS160A 8 300p 8368
74L5161A 78540 250p S

Tecuyovaric Lp PLEASEATID sonoRa & f5 A VAT

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1IED Orders from Government Depts. & Colleges etc. welcom:

SHOPS AT: 17 BURNLEY ROAD, LONDON NW 10
(Tel: 01 208 1177 ) Telex: 92280(!
305 EDGWARE ROAD: LONDON W2

Detailed Price List on request.
Stock items arenormally by return of post.
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Happy Memories

Part type 1off 25-99 100up
4116 200ns 125 115 1.10
4164 150ns Not Texas 99 .89 .84
4128 150ns 545 499 4,70
4256 150ns 3.65 3.35 3.10
2114 200ns Low Power 1.75 1.60 1.55
6116 150ns 199 1.80 1.65
6264 150ns Low Power 500 4.45 4.00
2716 450ns 5 volt 385 345 3.30
2732 450ns Intel type 475 425 410
2764 300ns Sult BBC 295 265 250
27128 300ns Sult BBC 395 355 3.35
27256 250ns 755 695 6.50

Low profile IC sockets: Pins 8 14 16 18 20 24 28 40
Pence 12 13 14 16 18 24 27 38

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

Full details on request.

74L.S series TTL, wide stocks atlow prices with DIY discounts
starting at a mix of just 25 pieces. Write or ‘phone for list.

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

HAPPY MEMORIES (ETI),
Newchurch, Kington, Herefordshire, HRS 3QR.
Tel: (054 422) 618

Interak 1

A METAL
Z80A COMPUTER

Colleges, Universities, Individuals: Build your
own modular Z80A-based metal 19" rack
and card Interak computer. Uses commonly
avaiiable chips — not a single ULA in sight
(and proud of it). If you can get your own parts
(but we can supply if you can't) all you need
from us are the bare p.c.b.s and the manuals.

Interak 1's greatest

8 asset — space for ﬂ §8| @ o °
expansion.
o ¢
@ (Up to 8 more cards @ W
4% x 8" each)

1XEY {yapg! Powin
a0aRD cuppLy SRACE

(P.c.b.srange in price from£10.95t0 £17.75
+ VAT, manuals £1 - £5)

The Interaktion User Group has 14K BASIC,
Assembiler, Fig Forth, Disassembler, Debug,
Chess and a Book Library, Newsletters etc.
No fears about this one going obsolete —
now in its fifth successful yearl Send us your
name andaddresswitha21pstampandwe'll
send you 40 pages of details (forget the
stamp if you can't afford it!) You've already
got a plastic computer for playing games,
now build a metal one to do some real work:
Interak, Interak, interak!

{zoal vou ! aam’ EXPANSION

Greenbank

Greenbank Electronics (Dept T11E), 92 New Chester Road,
New Ferry, Wirral, Merseyside L62 5AG
Telephone: 051-645 3391

WIN A THANDAR TF600 600 MHz FREQUENCY COUNTER

(PRE-SCALEABLE UPTO 1 GH2).

Runners-up win two PFM 200A 200 MHz frequency
counters from Thandar.

X 0000000 e ,

thondar

1. He might have said ‘On yer bike’ with periodic passion.

His name’s frequently used, though the cz:cle’s out of fashion.
2. lfyou need rectifying or a switching function,

1l need to be biased when you get to this junction.
3. Harmonically speaking, this wave’s not all there —

There aren’t any evens and the odds are all square.
4. Pure reactance exists only in theories.

Real components add this is parallel or series.
5. Classes A, B and C are defined with some rigour,

And you shouldn’t complain if they don’t make things bigger.
6. ‘Here’s the pitch,’ said the prof., feeling alright,

‘The fact is, there ain’t one when this sound is white.’
7. ‘Lie back and relax,’ said the girl to her sisters,

‘You've been behaving too much like 1Cs and transistors.’

Feem D e

COMPETITION

SUPER 5=

.
[

s e |
) wg '

o2

In conjunction with Thandar Electronics, ETI is offering
three superb frequency meters as prizes in this simple'to
enter competition.

Al you have to do is correctly answer the questions below,
which are given in the form of doggerel rhyme. The answers are
all electronics terms whose initial letters can be combined to
form a seven letter word in the spaces provided. Then complete
the J;hrase underneath in no more than 12 words. This will be
used as a tie-breaker. The closing date for entries is the last post,
November 7th, 1985.

The first prize will be awarded to the person who gets all the
answers correct and, in the event of a tie, provides the wittiest
phrase. The two second prizes will be awarded to the runners-up.
If no completely correct answers are received, the prizes will be
awarded on a points basis — 2 points for each correctly
answered quiz question and one point for providing the correct
seven-letter word. Employees of Argus Specialist Publications
and Thandar Electronics or their relatives are not eligible for the
competition. The competition judges will be Gary Herman (ETI)
and Tony Starling (Thandar) and the results will be announced in
the January 1986 issue of ETI, on sale on December 6th, 1985.

]
§ POSTTO: ETI (TC), 1 GOLDEN SQUARE, LONDON W1R 2AB. ]
i1, 2. 3. 4. !
] ]
1 5 6. 7. []
! The initials of the answers form the word: _ :
1 1 would like a Thandar frequency meter because ............... :
]
| 9990500090096990990060999068 00050830098 0IAR0IOG000AEA0RS ;
] ]
1 Name: 1
1 Address: !
] ]
] ]
I Signed: !
12
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Silly Old Buffer

Dear ET],

| feel that | must object to your
inclusion of a particular addendum
in the service sheet section of the
September issue, It concerns the
use of the TMS4416 dynamic RAMS
in my printer buffer project which
was published in the July and
August issues.

While it is true that the Z80 will
only provide seven bits of refresh, it
is possible to use software to
simulate the use of all eight bits.
Two methods are commonly used:
1) Regularly toggle bit 7 of the
refresh register.

2) Execute continuous op-codes
located between XX80 and XXFO in
the memory map, at least once
every 4mS.

Either of these methods will
provide satisfactory refresh for the
TMS4416 and the second is, in fact,
incorporated in the design of the
printer buffer. The use of the

Hitachi IC mentioned is definitely
not required.

I did not mention this aspect of
the refresh mechanism in the
original article, but I do feel |
should have been consulted before
publication of this erroneous
addendum. My thanks for this
opportunity to set the record
straight.

Yours faithfully,
Nick Sawyer,
London N13.

Literary Sources

Dear Sir,

I was not surprised to learn
from a letter in your magazine
that Motorola are not very
helpful (Read/Write, ETI
September 1985). | also have
had no reply from them when |
asked for some literature. But |
wrote to STC Electronics Services,
Edinburgh Way, Harlow, Essex
CM20 2DF who were very

AUNTIE STATIC'S PROBLEM CORNER

Dear Auntie,

I have often wondered why 2’s
complement arithmetic works in
binary but not with ordinary
numbers. | don’t expect you will
know the answer.

S. Lister,

Salisbury.

Since you have the bloomin’ cheek
to question Auntie’s omniscience, |
don’t think you deserve an answer at
all. However, being a kind and
understanding Auntie and since | don’t
get paid unless | answer a question or
two, I'll overlook it just this once.

Two’s complement arithmetic
obviously doesn’t work for decimals
because you can’t form the 2’s
comglement of a decimal (ordinary?)
number. However, you can form the
10's complement by subtracting each
digit of the number from 9, and then
adding 1 to the final result, so —1111
would become 8889, —2634 would
become 7366, and so on.

Suppose you are faced with the
horrible prospect of doing a
subtraction having just discovered that
your calculator batteries are flat.

et involved with all the nurserz school

usiness of borrowing and such like, so
what do you do? Faint? Break out in a
cold sweat? Go and change your library
book? No! With dignity and poise you
scribble all over the second number

ETI NOVEMBER 1985

and re;l)lace it with its 10’s complement
equivalent so you are left with:
7342+5814= 2222 This is nowhere near
as complicated as having to do a
subtraction, and with your family and
friends looking on in admiration you
skillfully add tEe numbers together to
give 13156.

At this point you realise that your
answer can’t possibly be right because
its bigger than the number you started
with. Don’t panic! Just keep your thumb
over the initial 1 and show your answer
with a flourish: 3156. When you get
used to this method you can avoid
getting an inky thumb by starting your
addition as close as possible to the left
hand side of the paper. The extra 1 will
then overflow onto the tablecloth and
you can quickly slide your paper over
to cover it up.

The only thing to remember is that if
you are faced with something like
37373737—66, where the numbers are
not both the same length, you must put
aload of 9s in front of your 10’s
complement number until they are the
same length. In this case you will end
up with: 27272727+99999934 =
THUMB3737671 (by the beginners’
thumb method). Oh yes, and if the
number you are subtracting is bigger
than the one you're taking it away from,
the answer will be in 10’'s complement
form. For more advanced students
there are also Chinese subtractions, or
takeaways, but these are outside the
scope of this reply. — Auntie.

www americanradiohisetory com

helpful and sent about twelve
data sheets, all Motorola. | can
also recommend Gothic Crellon,
380 Bath Road, Slough, Berkshire
SL1 6JE who have been very
helpful.

Yours faithfully

P.D. Yates

Chelmsford

Goth, ic’s eaSy To C that Motorola
aren’t terribly interested in the home
constructor. — Ed.

Fine Print

Dear Editor,

I thought I'd drop you this
line after reading my August copy
of ETI.

I use a BBC-B computer,
Wordwise and an EX42
typewriter as a printer. The
interface allowing me the printer
mode came from ETI October
1983. | have had no trouble with
it since setting it up.

As a writer my unit is in
constant use and not to print
listings! Over the last couple of
days | have down loaded around
twenty thousand words to the
EX42 ... no problem.

The only complaint | have
about the system is speed. | find
10c¢ps too slow for my needs so |
will soon be buying a printer. As
the system stands at the moment
it is completely trouble free, so |
have no complaints with it or the
interface. Thus it did surprise me
a little to see in the August jssue
an 'EX42 Interface for the BBC'B'.

When using Wordwise all one
need do to get 'CT' is to direct
command *FX6 when in the WW
edit mode.

This letter is produced using
Wordwise, the EX42 and your
interface. . . .OK!

Yours sincerely

J.M. Stevenson

Brentwood

First someone calls us ‘reputable’,
now a reader says he’s actually
persuaded one of our projects to work!
Where will it all end?

The original interface was
designed for use with the Microtan
65, but many of our readers wanted
to use it with a BBC B or other
microcomputer. It is quite possible to
re-write the software to provide the
necessary control signals for other
machines, but apparently some
people aren’t quite sure how to go
about it. Hence the dedicated BBC B
version. However, it’s good to hear
that someone has got the original
version to work with a Beeb. — Ed.ET]|
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A

SURFACE

ACOUSTIC WAVES

Does your knowledge of SAW devices need sharpening up?
Andy Armstrong looks at the cutting edge of the new

technology.

elements in a wide range of electronic

equipment and a great deal of time and effort
has been devoted to improving them, either by
perfecting existing techniques or developing new
ones. Filters and resonators have traditionally relied
upon the frequency-selective properties of reactive
networks and much has been written about the best
ways of combining reactive components (capacitors,
inductors and crystals) to obtain the desired results.
Delays produced by passing the signal from a
transmitting transducer to a receiving transducer and
placing between them some substance which slows
down the passage of the wave. Examples range from
the glass block and piezo-electric transducers used in
television receivers to the coil-spring and magnetic
transducers used in some audio effects units.

These techniques remained largely unchanged
until the development of the field effect transistor
(FET) with its excellent switching characteristics, and
the introduction of integrated circuitry which made it
possible to build circuits of previously unimaginable
complexity. The devices which resulted were the
switched capacitor filter and the bucket brigade delay
line, or charge couped device (CCD), both of which
use linear circuit elements controlled by electronic
switching. The advantages in each case include
greater flexibility: the break frequency of the filter and
the delay period of the bucket brigade device can
both be altered simply by changing the frequency of
the external clock.

The development of complex digital integrated
circuits has taken this flexibility several stages further.
It is now possible to convert an analogue signal into
digital form and then carry out a wide range of filtering
operations, if necessary under software control so that
the parameters can readily be changed to meet
specific requirements. Delay can be obtained simply
by using readily-available memory chips, allowing
longer periods to be achieved without attendant
degradation of the signal. Unlike linear systems, in
which  phase an frequency are  heavily
interdependent and it is not easy to design for one
without affecting the other, digital filtering allows
many different parameters to be specified to a high
level of accuracy.

The last few years have seen the emergence of
another new signal processing technology which
combines many of the advantages of linear and digital
techniques. Surface Acoustic Wave (SAW) devices
use a tiny transducer to launch a wave across the

Filters, resonators and delay lines are essential
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surface of a piezo-electric crystal and another
transducer to pick the wave up again. In this respect
they are not unlike conventional glass delay lines, but
the crucial difference is that the behaviour of the
wave can be modified by the use of complex
transducers which work, in effect, as multiple taps on
the delay line. The result is a filter whose
characteristics can be controlled almost as well as can
those of a digital system but which can be produced
at a fraction of the cost.

The Nature Of The Wave

Before going any further, we shall look at what a
surface acoustic wave actually is and how they are
generated.

The easiest way to understand what is involved is
to consider a very simple crystal structure — a cubic
lattice with identical atoms at each vertex. An ordinary
wave set up in the

structure simply involves

09

p——
e A e

| Emmm

oo o A—
% 95 5w i

A PR Wi

A SAW convolver manufacturered by Siemens. The lithium
niobate SAW chip is the thin, dark strip in the lower half of the
case and the reminder of the area is occupied with matching
elements.

compression and rarefaction of the atoms forming the
structure. To put it crudely, one could imagine the
little model atoms bouncing back and forth on their
springs. The atoms are fairly stiffly supported, being
anchored by six bonds. This type of wave is called a
bulk wave, and is of the type generated in
conventional glass delay lines.

A surface wave, on the other hand, involves atoms
on the surface swinging about in an arc rather than a
straight line. Atoms on a face of the crystal are less
firmly anchored, with only five bonds attached, so the
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propagation speed of a surface wave is lower than that
of a bulk wave. This means that a surface wave is
confined to the surface, and does not tend to excite
bulk waves. It is possible to launch bulk waves when
trying to launch surface waves, and vice-versa, but
they are different entities and there is limited
interchange between the two. The rate of propagation
of these acoustic waves is very much less than that of
electromagnetic waves, so a relatively long delay line
may be made in a small space.

Surface acoustic wave devices are made on
crystals of particular types, the main ones being
quartz, lithium niobate, and lithium tantalate, all of
which are piezoelectric crystals. This is essential,
because the transducers which launch the wave
consist of interleaved strips or fingers of metalisation
which are energised with an electrical signal to excite
a piezoelectric response and hence launch a wave.

Figure 1 shows the layout of a typical SAW filter.
The transducers are symmetrical, so acoustic waves
are radiated in both directions. The acoustic absorber
on the far side is there to prevent the reverse wave
from either propagating around the crystal or being
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Fig. 1 The layout of a typical SAW filter. The two transducers
consistofanumber of fingers of metallisation on the surface
of the crystal.

reflected from the edge. Either event would interfere
mightily with the intended function of the device.
Similar reasoning applies to the presence of the
absorber behind the receiving transducer.

In this simple example, the waves launched by
each pair of fingers in the transducer may either
reinforce or cancel the waves from other pairs,
depending on the acoustic wavelength. The even
spacing of the fingers shown would give rise to a
flat-topped filter response.

LC filters can provide a good approximation to any
reasonable amplitude response characteristic, but the
resulting phase response is likely to be less than ideal.
An enormous complexity is required to achieve a
particular phase response as well, and it is normally
quite impractical. A SAW filter, on the other hand, can
meet this kind of requirement because phase and
amplitude response may be determined separately.

The example in Figure 1 shows a transducer which
has evenly spaced, fully overlapping fingers. The
spacing may be varied to adjust tﬁe phase response,
and the degree of overlap may be varied to control
the intensity of the wave. Figure 2 shows a Sin(x)/x
transducer which will give a bandpass response
showing some resemblance to the square response
beloved of textbook writers. Real transducer patterns
have many more fingers, of course.

The method used to design SAW filters is clearly
quite unlike that used for LC filters. SAW filters are
normally of a type described as transversal filters,
which is a fancy way to describe the process of
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Fig. 2 Simplified view of a transducer arranged to give a
sin(x)/X characteristic.

producing a desired output by adding many signals
tapped from a delay line. CCD filters also work on this
principle, and another technology which lends itself
to this method is digital filtering.

It is interesting to compare digital and SAW
devices when used for signal processing rather than
filtering. In digital terms, the accuracy of a SAW device
would be perhaps five bits, but the processing speed
is two orders of magnitude faster than that of any
digital IC currently in use or under development.
There are applications which use digital and SAW
technologies together to give the best of both worlds,
but such applications are a specialised topic on their
own.

Real Devices

So far, all that | have said about SAW devices
sounds almost too good to be true, but there are
some drawbacks. A look at some device
configurations will help us understand the problems
and t%eir effects on the functioning of SAW devices.

One annoying phenomenon is signal coupling via
bulk waves. While the method of excitation is
designed to produce surface waves, bulk waves can
be launched at frequencies outside the passband. If a
bulk wave is launched at a particular angle to the
surface of the crystal, the wavelength at which the

SURFACE OF

\\k\?\ﬁ

LAUNCHING ANGLE

Fig. 3 Although the method of excitation is desired to pro-
duce surface waves, bulk waves are also generated and if
launched at certain angles to the surface of the crystal they
may reinforce and give rise to a response out of the normal
passband of the filter.

signals from the transducer fingers are in phase and
will produce a strong wave is different from that for
surface waves. |f this wave reaches the receivin
transducer, a response out of the normal passban
will be generated. The angle between the direction of
propagation of this wave and the plane of the
transducers affects things in much the same way as
coloured light is split by a diffraction grating. This
effect is illustrated in Fig. 3.

To cause problems, the bulk wave launched by the
transmitting transducer must be reflected back from
the bottom face of the crystal to the receiving
transducer. This effect can be minimised by’
roughening the bottom face of the crystal, making it as
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thin as possible, and coating the bottom with a sound
absorbent glue.

A far more effective measure is to offset the
transducers and couple energy between them by
means of a multistrip coupler, as shown in the photo-
graph. This idea came from the RSRE (Royal Signals
Research Establishment) and is now widely used the
world over. In simple terms, the coupler acts both as a
receiving transducer at one end and as a transmitting
transducer at the other.

Another important advantage of this coupling
technique is that both transmitting and receiving
transducers may be weighted to give a particular
response — a process known as apodising — without
an unmanageable design problem. If two apodised
transducers are not offset but used directly in line, to
work out the response one has to consider the effect
of the wave launched by each pair of fingers in the
transmitting transducer on the receiving transducer as
a whole, and the effect of the overall wave pattern
launched by the transmitting transducer on each pair
of receiving transducer fingers. This is equivalent to
the mathematical process of convolution, which is
rather complicated. Offsetting the transducers
simplifies things considerably.

Driving Techniques

To use SAW filters it is necessary to couple signals
to and from them, which is not made easier by the
complex impedances of the transducers. To take a
practical example, the Signal Technology BP1102
70MHz bandpass filter (2MHz bandwidth) is quoted
as having input and output impedances of 6R in series
with 10p. At 70 MHz, 10p has an impedance of
227R, which makes a series inductor to tune out the
capacitance very desirable.

This is only the start of the problems. The BP1102
is quoted as having a 24dB insertion loss with a
matching inductor. Without one it has a midband
attenuation of 44dB.Unfortunately, even at 2MHz
bandwidth, the use of a matching inductor can cause
response ripple due to an effect called triple transit, in
which the acoustic wave bounces from the receivin
transducer back to the transmitting transducer an
then back to the receiving transducer again.

Acoustic absorbers are used to minimise
reflections from the end of the crystal, but the
reflections in question here are from the actual
transducers. They occur whenever there is a
significant electrical load coupled to the transducers
because power is drawn from any incident wave and
dissipated. This inevitably disturbs the wave and
causes reflections.

The transducer is in fact a three port network with
a matched load on one of the ports. If an extra load is
added on the electrical port, the mechanical
impedance of the acoustic wave no longer matches.

One solution to this dilemma is to match the input
source to the transmitting transducer, and use a high
impedance input amplifier on the receiving
transducer (the output of the SAW device). This
means that there is little reflection from the receiving
end and the effects of triple transit are small. Another
solution is to drive the input of the device from a high
impedance and with a high voltage signal, either by
means of a step up transformer or a cascode amplifier
with a high voltage power supply. This delivers plenty
of power to the input while presenting an electrical
mismatch.
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A Siemens OFW 361 SAW filter shown without its case. Note
the offset of thetransducers and the use ofa multistrip coupler
betweenthem. The graphinthe backgroundillustratesthe per-
formance ofthefilter: the centre frequencyis 36.5 MHzand the
scaledivisionsrepresent 10dBonthevertical axisand2 MHzon
the horizontal axis.

Material Characteristics

The BPII02 is made on a quartz substrate, ST cut
(which is similar to the more familiar AT cut used for
oscillator crystals), and has the advantage of almost
zero temperature coefficient. In general, a given
material can only offer a bandwidth which is a certain
percentage of the operating frequency before the
insertion loss becomes too high: for quartz this
bandwidth is only a few percent.

One of the wider bandwidth filters from the same
family has a 9MHz bandwidth at 72MHz, and is made
on lithium niobate. It boats an insertion loss of 24dB
without any electrical matching at all, but it has a
temperature  coefficient of -90 PPM/degree
centigrade which is a characteristic of the material.
The percentage bandwidth available with lithium
niobate and lithium tantalate is about 40%, which
might suggest that they are suitable for use as an input
“roofing filter’ in, for example, television receivers.
Such a filter could provide a flat response over the
entire television broadcast band, and about 60dB
rejection outside it.

The drawback is that the loss is much too great,
and the resultant noise figure would render reception
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in any but the strongest signal areas impossible.
Development work aimed at low loss devices is being
carried out and there are several angles from which
the problem can be attacked. One of the obvious
ones is to develop a transmitting transducer which
launches all its energy in one direction, and a
receiving one which picks up almost all the energy
flowing past it.

The normal types of transducer launches the same
power -in each direction, so one half of the signal
actually transferred to the substrate is wasted in the
acoustic ‘absorber. By the same token (because of
reciprocity) the receiving transducer can pick up only
one half of the incident signal power. This
immediately gives a 12dB loss, even if every other
aspect of the device is free of losses.

A unidirectional characteristic can be achieved by
clever phasing which cancels the wave in one
direction. It is difficult to prevent unwanted
reflections or other response ripples when designin
this type of transducer, which is why it is only use
where low loss is important.

Other SAW Applications

So far we have concentrated mainly on transversal
filters, but this is not the only application of SAW
devices. It is also possible to produce resonators
which are similar in principle to microwave resonator

TRANSDUCER

il

Jﬂ, ‘.nll;.ni\;

Fig. 4 A SAW device designed to act as a resonator. The
reflectors on either side of the transducer consist of metal-
lisation which are phased to suit the frequency of
operation.

cavities, and if two of these are coupled a narrow
bandpass filter with low insertion loss may be made.
The structure of a single resonator is illustrated in Fig.
4.

The diagram shows a transducer between two
reflectors. The reflectors consist of many strips,
suitably phased for the frequency of operation, rather
than one thick strip. If too heavy a strip is placed in
the path of the wave, the mechanical impedance
mismatch causes bulk waves to be launched. As it
stands, this type of resonator may be used as the
frequency determining element in an oscillator.

It may also be coupled electrically to another
similar resonator, in which case a bandpass response
can be generated similar to the response given by
coupling two ordinary tuned circuits. Alternatively,
two resonators may be fabricated on the same
substrate and the reflector between them may be
made shorter to allow coupling. The response is
similar to that obtained with electrical coupling but
only one substrate is used, making it preferable for
large volume applications. The device layout and
energy distribution is illustrated in Fig. 5. Little of the
energy coupled into the input resonator is wasted, so
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Fig. 5 Two SAW resonators fabricated on one substrate to
produce a bandpass response.

a nzrrow bandwidth low insertion loss device may be
made.

Another interesting SAW application not so far
mentioned is the convolver, a device which carries
out the mathematical process of convolution in real
time on two input waveforms. Effectively it multiplies
the two waveforms and integrates the result. In order
for the multiplication to take place, the signal level
must be high enough for non-lineary to occur. To
achieve this, wide transducers are used to launch the
waves, and they are then focussed to a narrow beam
by a metalisation structure which looks like a lens.
This is logical when you consider that a glass lens
bends light because the light is slowed down by the
glass, and that metalisation on the SAW substrate has
the same effect.

To maintain a focussed beam, a metalised track is
deposited. This works in a way closely analogous to
that of an optical fibre in guiding the wave. The
piezoelectric effect generates a voltage in this strip,
which is integrated by its capacitance.

The Future

It is likely that developments in low insertion loss
devices will continue, and will result in their extensive
use in receiver input stags. We may eventually
achieve a low enou§h loss to permit the use of SAW
devices in input roofing filters for television reception,
covering the range 40 to 800 MHz. The technology is
already at the stage where an input filter having 2MHz
bandwidth at a centre frequency of 900MHz and an
insertion loss of 2dB is becoming practical. This would
be ideal, for example, for cordless telephone
applications.

If satellite TV ever turns out to be as major a
development as it is cracked up to be, there will be a
strong incentive for developments such as the use of a
SAW resonator to make a quadature detector working
at TGHz. Along with a specially developed IC for the
job, it is easy to imagine that a TV receiver head about
the size of a matchbox could be developed, giving out
digital signals for processing in the digital television
sets now becoming available.

It is quite likely that some of the signal processing
applications of SAW devices, for example in chirp
radar, will gradually be taken over by higher and
higher speed digital processors, but there is likely to
be more than enough expansion in other applications
to offset this for the forseeable future.
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PIEZO ELECTRIC TWEETERS — MOTOROLA
OMP POWER AM PL'F'ER MODULES Nowenjoy af LARGE (28p) Join the Piezo revolution. The low dynamic mass (no voice coil) of a Piezo
world-wide reputation for quahty. reliability and performance at a realistic price. Fourmodels| § A E. FOR tweeter produces an improved transient !
ava)labte to suit the needs of the professional and hobby market 1.e. Industry, Leisure, CURRENT level than ordinary dynag\lc twe;ug ! 2 response with a lower d-s:oruon
Instrumental and Hi-Fi etc. When comparnng prices, NOTE all models inciude Toroidal LST un'ts can be added 10 existing speakresr SySS[ae;rsoi?ov:Irols]SS( rt;([}l:n;e(olr;ef;
power supply. Integral heat sink, Glass fibre P C.B . and Drwe circuits to power compatible u w more |
Vu meter Open and short circuit proof  Supplied ready built and tested. %éngﬁ'eé:s) FREEEXPLANATORY LEAFLETS SUPPLIED WITH EACH
TYPE A" (KSN2036A] 3" round with protectivewire
OMP 100 Mk 1l Amp. Module 11TO0WR M S 4ohms. | 'P Sens 500mV = 10K mesh, ideatl for bookshelf and medium sized Ht-fi
Size 360 ° 115 » 72mm Price: £32.99 + £2 50 P&P %speakers Price £4.90 each - 40p P&P
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OMP/MF200 Mos-Fet. Very highspec 200wR.M.S.  4ohms 1P Sens. 500mv £5.99each + 40p P&P
=10K Size 300 - 150 X 100mm Price: £62.99 + £3.50 P&P Ty TYPE 'C’ (KSN6O16A) 2" ~ 5" wide dispersion
OMP. MF300 Mos-Fet. Very high spec 300wR.M S 4ohms.|.’PSens 500mv # horn. For quality Hi-ft systems and guality discos etc
—10K Size 330 > 147« 102mm Price: £79.99 + £4 50 P&P tee e Price £6.99 each + 40p P&P
VuMeter. 11 LED's PlasucCase Size 84 ¥ 27 <45mm Price: £8 50 + 50pP&P TYPE ‘D’ (KSN1025A) 2 6" wide dispersion
] ”~ horn. Upper frequency r d
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Full specifications available on request. { \_ , down 10 mid range (2KHz). Suitable for high quamg
NOTE Mos-Fets are supplied as standard { 100KHz bandwidth & Input Sensitivity 500mV) If required. wpé = H'J'o;‘/;é‘ems and quality discos Price £9.99 each
P A version (50K Hz bandwidth & input Sensitivity 775mV} Order — Standard or P A Vu METER TYPE 'E’ (KSI\’I1038A) 3% horn tweeter with
attractive silver fimish tnm. Suitabie for Hi-f: monitor
1 9” STER EO RACK AM PS Protessional 19" cased Mos-Fet stereo amps LOU Ds PEAKERS systems etc Price £5.99 each - 40p P&P
with twin Vu meters, twin toroidal power supplies, s X LEVEL CONTROL Combines on a recessed mount
XLR connections. MFB0Q Fan cooled. Three Cabinet fix- ing plate, level control and cabinet input jack socket
models (Ratings R M.S into 4ohms) ing in_stock. 185 85 mm Price £3.99 + 40p P&P
MF200 {100 © 100 £169.00  Securicor S E tor
MF400 (200 + 200)W. £228 85 Delivery | g B
MF600 (300 + 300IW £274 85 £10.00 Loudspeakers 57 to 18" Up 10 300WR M.S. S AE for full

lists. McKenzie speakers at édvan(ageous prices. All

STEREO DISCO MIXER

STEREO DISCO MIXER with 2 X 5 band L &
R graphic equalisers and twin 10 segment
LED VuMeters. Many outstanding features
5 Inputs with individual 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 Qutput controls. Out
put 775mV Size 360 X 280 X 30mm

" zzg
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Price £134.99 - £3.00 P&P

= HOBBY KITS. Proven designs including glass
PA ,[\JJTIII‘EQ fibre printed circuit board and high quality
components complete with instructions.
FM MICROTRANSMITTER (BUG) 90, 105MHz with very sensitive
microphone. Range 100/300 metres 57 X 46 X 14mm (9 volt)
Price: £8.62 - 75p P&P
3 WATT FM TRANSMITTER 3 WATT 85, 115MH; varicap controiled
protessional performance Range up to 3 miles 35 X 84 X 1Zmm P 9
(12 volt) Price: £14.48 + 75p P&P. 3 watFm

POSTAL CHARGES PER ORDER £1.00 minimum.j Transmitter 3L
* or current ljsts. & Officjal orders welcome.

B. K. ELEGTRONICS

POWER RANGE
8”50 WATT R.M.S._ Hi-Fi

speakers listed 8 ohm imp

Disco.
20 oz magnet 1," ally voice coll Ground aily hxing escutcheon Res Freq 40Hz Freq Resp. to
6KHz. Sens 92dB PRICE£10 99Avarlable with black gnlle £11 99 P&P £1 50 ea
127 100 WATT R.M.S. Hi-Fi/Disco
50 oz magnet 2" ally voice coil. Ground ally fixing escutcheon Die-cast chassis. White cone Res
Freqg
25Hz Freq Resp. 10 4KHz Sens 95dB PRICE £28.60
157 100 WATT R.M.S. Hi-Fi/Disco
50 oz. magnet. 2" ally voice coil Ground atly fixing escutcheon Die-cast chassis White cone Res
Freq 20Hz Freq Resp. to 2 5KHz. Sens 97dB. PRICE £37 43 - £3 00 P&P ea
SOUNDLAB (Full Range Twin Cone}
5" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc
1" voice coit Res Freq 63Hz Freq. Resp. to 20KHz Sens 86dB PRICE £9.99
6!, 60 WATT R.M .S Hi-Fi/Muitiple Array Disco etc.
17 voice coil Res. Freq 58Hz Freq Resp to 20KHz Sens 89dB PRICEL£1099+ £1 50 P&P ea
8" 60 WATT R.M.S Hi-Fi/Multiple Array Disco etc.
1Y% voice coil. Res. Freq 38Hz Freq Resp. to 20KHz Sens 8%dB PRICE £12 99
MCcKENZIE
12" 85 WATT R.M.S. C1285GP Lead guitar/keyboard/Disco
2" ally voice coil Ally centre dome Res. Freq 45Hz Freg Resp to 6 5KHz Sens 98dB PRICE £24 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 10 14KHz PRICE £24 99 - £3 0Q P&P ea
156”150 WATT R.M.S. C15 Bass Guitar/Disco.
3" allyvoicecoll Die-castchassis Res Freq 40Hz Freq Resp 104KHz PRICE £49 99 - £4 Q0 P&P ea

£3.00 P&P ea

£1.00 P&P ea

£1.50 P&P ea

# All prices include VAT. « Sales Counter. »

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

Please
mention

E.T.L

OSCILLOSCOPES
TELEQUIPMENT D67. Dual Trace 50MHz.
Delay Sweep with manual................... £275
COSSOR CDU 150. Dual Trace 35MHz
Solid State. Portable. 8 x 10cm display. wnh
manual ..
S.E. LABS SMIII. Dual Trace 18MHz Solld
State. Portable AC or External DC Opera-
tion. 8 x 10cm display. With manual...£150
TELEQUIPMENT D43. Dual Trace 15MHZ.
With manual £100
TELEQUIPMENT $43. Single Trace 25
MHZ. With manual..............cccocooee, £75
EX-MINISTRY CT436. Dual Beam 6MHZ.
Size 10 x 10 x 16ins. With manual ... ... £75
NEW PROBES AVAILABLE. Swnched x1
x 10

PROFESSIONAL 9" GREEN SCREEN
MONITORS made by KGM for REUTERS.
Gives quality 80 x 24 line display’' Com-
posite Video In. Cased. Good Condition
.only £40 each

when repiying

to ali

PHILIPS DIGITAL MULTIMETERS
4 DIGIT. AUTO RANGING. Complete with
batterles and leads (P&P £5)
TYPE PM2517E (L.E.D.)...
TYPE PM 2517X(L.C.D.)..

adverts

NEWRAD INSTRUMENT CASES LTD
Unit 19, Industrial Estate, Gore Road
New Milton, Hants BH25 6SJ

MULTIMETERS
UNBELIEVABLE — AVO 8 MkIV and AVO
9 MkIV. Complete with Batteries & Leads
for only ..£65
AVO TEST SET No. 1(Similarto Avo8 Mk3).
Complete with batteries, leads & Carrying
Case. £80

eter

AVO
(Analogue) 30 ranges Complete with bat-
teries & 18adS ... £25

AVO 72 — Similar to above but no AC
Current range. With Batteries & Leads

NEW EQUIPMENT
HAMEG OSCILLOSCOPES 605. Dual Trace
60MHZ Delay Sweep. Component Tester
........... £515
HAMEG OSCILLOSCOPE 203.5 Dual Trace
20MHZ Compontent Tester................ £270

BLACK STAR FREQUENCY COUNTERS.
P&P €4

Meteor 100-100MHZ ..
Meteor 600-600MHZ
Meteor 1000-1GHZ ..
BLACK STAR JUPITOR 500 FUNCT|ON
GENERATOR Sine/Square/Triangie 0.1Hz
— 500KHZP&P €4................... —— £110

HUNG CHANG DMM 6010. 3'% digit. Hand
held 28 ranges including 10 Amp AC/DC.
Complete with batteries & leads. p&p
£4 £33

...£99

AVANCE AM Sig Gen type 5G62 150KHZ -
220MHZ 35
LABGEAR COLOUR BAR GENERATOR
Type 6037. P&P £5 £60
LABGEAR CROSSHATCH GENERATOR
CMB004. P&P £2 £15

5%” FLOPPY DISK DRIVES
TANDON ‘4 Height. Brand New
Singte Sided Double Density £
Double Sided Double Density .. £100
MPI Double sided, Double Density BO
Track unused. .. 100
DISK DRIVE PS! 40V 1N; 5V 1.6A & 12V
1.5A out. Size: w125mm, H75mm,
D180£2nm. Cased. Un-used. Only £15.00

pap

CHERRY KEYBOARD — SERIAL/ASCII
standard QWERTY with numeric pad. New.
Cased. With Circuit (P&P £4)....... £15 each

MARCONI RF MILLIVOLTMETER TF2603.
S0KHZ - 1500MHZ; 1mV-3V.FSD....... £175
MARCON! ELECTRONIC VOLTMETER
TF2604. 20HZ - 1500MHZ; AC/DC/OHMS
AC 300mV - 300V. FSD . £95

MARCON! VALVE VOLTMETER TF2600.
10HZ - 10MHZ; 1mV - 300V.FSD......... £40

Tel: New Milton §425.621195
HEIGHT DEPTH  PRICE
. U 250 £18.84
1U 300 21.35
. o 2U 250 22.05
. 2U 300 24.69
. 3U 250 25.22
3U 300 27.99

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

4|J heights and depths of 400mm are
available.

THIS IS A VERY SMALL SAMPLE OF
STOCK, SAE Or Telephone for LISTS
Please check availability before ordering.
Carriage alt units £12. VAT to be added to
Total of Goods & Carriage.

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

STEWART OF READING
110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Telephone: 0734 68041

Callers welcome 9am to 5.30pm Monday to Saturday inclusive

AVO TRANSISTOR TESTER TT189
Handheld. GO/NOGO for In-situ Testing.
Complete with Batteries, leads & instruc-
tions (P&P £3).................. NOW ONLY £12
AVO TRANSISTOR ANALYSER CT446.
Suitcase style — battery operated. (Bat-
teries not supplied). With information
........................................ ONLY £20 each
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AUTOMATIC TEST
EQUIPMENT

Things will never be the same again, now that simulation testing

is here. W.P. Bond elucidATEs.

he traditional approach to functional testing of
T digital circuits has been to use simulation tech-

niques. The principle is simply to compare the
real board or module (the unit under test or UUT) to a
computer model. Input test patterns — in the form of
logic highs and lows — are applied to the model and
to the UUT. The computer monitors the response of
the UUT and verifies it against results obtained from
the model.

There are several simulator packages available. The
one described here is used by Hewlett-Packard on
their DTS (Digital Test Station) and is based on the
Eichelberger simulator. It is table-driven, which simply
means that the circuit description is held in tables.
Other features of this simulator are that it is capable of
handling three states (high, low and x, or unknown,
states); it is fault-inserting (that is, it can simulate
faults itself); and it assumes zero propagation delay.
This latter may be desirable because physical circuits
display different propagation delays across the board
and from board to board. Zero delay is a simplying
assumption. To ensure adequate testing with the zero
delay assumption, the H-P simulator introduces a vari-
able delay gefore the ATE comparators strobe the
UUT outputs after a test pattern has been applied.
The default value of this ‘safeguard’ delay is 4
microseconds.

This Year’s Model

All chips are simulated by reference to a set of
primitive model functions: AND, NAND (or NOR),
XOR, AMP, INV, ROM, RAM and DELAY. For con-

PL1 PLY
p——— /-\/
1 1
G1 3 4
&
2
2 1 2
4
G1 6 5
3 &
o 5
G1=7408
CONN G2 - 7404 CONN
Fig. 15 Deriving labels for a model of a simple circuit.
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venience, a disc-based library is kept of most standard
TTL and CMOS devices, which can be called upon for
use by the model and can also be updated. To con-
struct a model circuit, a source ‘Topology file is
developed. This is a description of the board to be
tested, including all devices on the board, signals (or
vectors) and input and output connections. The cir-
cuit in Fig. 15 was used to illustrate test points last
month (Fig. 3, p.43, ETI October 1985). The following
listing shows how a model is made up for this circuit:
% Headers — board name, code, etc.
% Libraries — TTL1, TTL2 (which call up the required
tables).
% Networks — used to build models of specialised
chips not already included in the standard library.
% Main board (5) $
* Inputs PL1(1,2,3,)$
% Outputs PL1(4,5,) $
* PackaFes G1(7408) $ G2(7404) $ — types of gate
used, for library reference.
* Gates
G1 INP1.1 INP3.5 G2-2.(2,4) G1-3.3 G1-6.6 $
G2 1NP2.1 G2-2.2 %
PL1 INP1.1 INP2.2 INP3.3 G1-3.4 G1-6.5 $
% Signals INP1 PL1-1 G1-1 $
INP2 PL1-2 G2-1 %
INP3 PL1-3 G1-5 $
G2-2 G2-2G1-(2,4) $
G1-3 G1-3 PL1-4 %
G1-6 G1-6 PL1-5 $
% END

The sections of this outline program labelled
*Headers, YLlibraries and % Networks are self-
explanatory. % Main board indicates the total number
of input/output pins used — in this case, five. The
dollar sign, $, is simply a delimiter used to indicate the
end of a data-block.

% Inputs, % Outputs and % Packages give further
details of the hardware — input pins, output pins and
device types.

The section labelled % Gates gives a signal name for
each pin used in each gate — INP2, for example.
Where a conventional name has not been used, the
name is derived from the gate and its output pins —
G1-3, for example. Notice that the connector, PL1, is
included as a gate, and can be given the label
‘CONN’, which is a primitive.

The section labelled Y Signals is optional and can
be used to cross-check the % Gates section for extra
reliability. In the % Gates section, the top line shows
that pins 1, 5, 2 and 4 together, 3 and 6 of gate G1 are
connected to signals INP1, INP3, G2-2, G1-3 and G1-
6, respectively. In the % Signals section, the top line
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shows that signal INP1 runs between pin 1 of PL1 and
pin 1 of G1. Note that the % Signals section includes
information on the outputs from PL1 (PL1-4 and PL1-
5

% END indicates the end of the model-program.

Under certain conditions, complex devices can
behave curiously. Usually, such conditions are rare,
but models should take account of all possible operat-
ing conditions. Those that don't are described as
‘optimistic’, while models which take even the most
unusual and unexpected conditions into account are
known as ‘pessimistic’.

The Program Guide

When the model is finished and the source file
created, several utility programs are run on it.

The first — called SGLST — checks syntax and
cross-checks the #Signal and % Gates section, where
both are used. It also translates the user Topology file
into an actual software model.

A second program — SMSET — expands the
software model generated by SGLST by breaking it
down into primitive elements and interconnections. It
also %enerates a listing of numbers assigned to the 1/O
signals.

At this stage, the board’s response to applied pat-
terns can begin to be simulated. The patterns can be
applied either manually or by means of ‘Automatic
Pattern Generation’ (APG). (APG is sometimes expan-
ded as ‘Automatic Program Generation’, when it refers
to the whole process described here, up to and
including pattern generation).

With ‘manual patterns’, the desired inputs are set
up by the user and the board’s behaviour is simulated
by the model. Another program then monitors the
response of the model, T?\is enables the user to look
at any particular device or signal on the model and
assess its condition,

APG is a fairly straightforward technique to under-
stand, and the results are comprehensive. But applying
it to find or investigate faults can be very tricky.

Take the simple NAND gate in Fig. 16 as an exam-
ple. The tri-state logic truth table (showing combina-
tions of 0,1 and x-states) demonstrates tﬁat only in
some cases does an x-state on an input produce an x-
state at the output. Whenever an x-state propagates
through a gate, the gate is said to be ‘sensitive’. The
two input NAND gate is sensitive when one inputis at
a 1. Similarly, a two-input NOR gate is sensitive when
oneinputisataO.

A ]
& (f}
B

Fig. 16 Truth table showing how sensitive a NAND gate is.

Mo XN O =]

XXXO==2=00|p»
XO=xx—-0=0|w

Using a combination of algorithmic and heuristic
methods, APG sets up a sequence of test patterns in
order to sensitize signal paths in the UUT. In the
example shown in Fig. 17, there are three possible
signal paths. Since an AND gate is sensitive whenever
one input is non-zero, to sensitize each of these paths
in turn it is only necessary to set-up the following
sequence of test patterns on PL1, PL2 and PL3: x11,
1x1 and 11x. That is, to sensitize one path it is only
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necessary to hold the two inputs not included in the
path at 1. If, for example, PL1.1 is stuck at O (SA0),
setting PL1.2 and PL1.3 to 1 will reveal the the fault,
since the output of the circuit will be 0 whatever the
state of the sensitized path from PL1.1. This part of
tr;‘e test procedure is known as a ‘Forward Trace
Phase’.

PLY PLY
N 1

Fig. 17 Path sensitization detects a fault.

Deriving a suitable sequence of test patterns for
APG is partly a matter of developing a simple
algorithm to cover all possibilities and partly a matter
of selecting courses of action when certain conditions
apply in order to maximize the test procedure. The
selection is done on a rule-of-thumb (or heuristic)
basis — which is to say, by following courses of action
which ‘seem to be working best’. APG can be costly in
terms of the number of patterns used to track down
all possible faults especially if the wrong heuristics are
applied. APG is an effective and useful technique if it
is only required to test for the presence or absence of
faults. If you want to track down particular faults then
the use of manual patterns (relying, as they do, on
the tester's experience and intuition) will probably be
more fruitful.

A Catastrophic Failure

In a digital circuit, a fault is considered to be any
physical defect which causes the circuit to respond
abnormally. The sort of simulation-based ATE dealt
with so far responds to any such faults, but the tests
are static only and the faults they can uncover are
generally described as catastrophic.

7
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To say that the testing procedures are static is
actually to say that the rate at which patterns are
applied to UUT is much less than the propagation
times of the devices connected in the UUT. Between
the apzflication of any two patterns the UUT s
allowed to settle in to a stable condition. Dynamic
and time related faults are not uncovered by static
signal tests and, in general, the fault coverage is
restricted to failures due to missing parts, incorrect
installation of parts and the partial or complete death
of parts. Such catastrophic faults are the commonest
kind, especially in production runs of fully de-bugged
circuits, but they are by no means the only or the most
frustrating kind.

In essence, dynamic testing follows the same
course as static testing with automatic pattern genera-
tion, but at far greater speeds, usually at data rates
greater than TMHz up to the full system speed of the
UUT (at which point component dynamic testing
becomes dynamic real-time testing). Dynamic faults

vary with the level of integration of the UUT. For gates,
the faults are usually associated with propagation
delays. Latches display dynamic faults connected with
set-up and hold time. Memories are associated with
data addressing faults and microprocessors with cycle-
time stability faults. We'll be dealing with such
dynamic faults at greater length in a future article, but
for the moment it's worth noting that dynamic faults
can be tested by simulation-based equipment by
means of some fairly elaborate modelling techniques.

A typical simulator has been developed by Brunel
University for Smiths Industries and goes by the name
‘HILO’. The ‘LO’ of ‘HILO’ refers to the low-level mod-
elling already, described, while the ‘HI’ indicates that
the simulator, includes a high-level language so that
programmable propagation delays can be set up for

individual devices and allowing functional modelling of
complex VLS| devices which do not, therefore, need
to be broken down into primitive gates.

b ™~
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DESIGNING
TRANSISTOR

STAGES

Les Sage gives a general introduction to transistor amplification

stages an
their own.

ne of the main problems facing an engineer in
O designing an amplifier is the choice of circuit to

suit the particular application. Many engieners,
unaware of the advantages and disadvantages of
different circuits, play safe and go straight for an IC
op-amp, widely accepted as a near perfect black box
amplifier with high input impedance, low output
impedance and an infinite open loop gain which, if
biased correctly, is sure to work better than a hastily
desi%‘ned transistor stage.

The op-amp has many uses, some of which are
beyond the scope of simple discrete transistor
circuitry. But there are many applications for which a
discrete one or two transistor amplifier will do the job
better and cheaper. An IC is only a box of transistors
which a designer has put together as a circuit block,
usually with a view to as many applications as
possible. Many areas of design are often
compromised in the process of IC design.

IC op-amps are often deficient in one or more of
these areas:

1) Very low noise amplification (even today the
lowest noise amplifiers .are still built with
discretes);

2) High frequency amplification (op-amps are so

stuffed full of transistors their transition

frequencies are best measured in weeks rather
than nanoseconds!);

3) Distortion (the majority of op-amps have class

B output stages and hence generate crossover
distortion which is undesirable, especially in low
level pre-amplifiers);

4) High power output (amplifiers above 20W are

enerally discrete circuits).

The aim of this series is to demonstrate some
useful amplifier circuit building blocks using
transistors. Performance is discussed — and ways of
improving it — and various two transistor circuits are
shown for situations where one transistor is just not
good enough.

The Common Common Emitter

In order to design a single stage amplifier (for
example, Fig. 1), its purpose must first be established.
Let’'s assume that we’re designing a circuit to boost
the ouptut level of a tape-recorder phono socket to
drive a power amplifier.

22

some rules of thumb for those who want to design

The tape-recorder gives an output level of 100mV
RMS from a 1k0 source impedance. The poweramplifier,
however, requires 1V RMS and has an input
impedance of 50k ohms.

Having opted for the familiar common emitter
configuration of Fig. 1, the first choice to be made is
R3 — the collector load with which the transistor will
develop the required signal output. The calculated
value will affect all other calculations and values, so it
must be carefully worked out from the first. A number
of things must be considered.

If the circuit is to be battery powered, a high value
for R3 will be preferred to save battery power. If it is
to be mains powered, lower values will mean
improved performance.

In theory, maximum power transfer requires our
circuit source and load impedances to match the
preceding tape-recorder load and succeeding power
amp source impedances. This means the circuit
should have a1kQinput impedance anda 50k output
impedance.

Perhaps the dominant argument against the
theory, particularly in this case, is that distortion
enters the practical picture. Transistors are essentially
nonlinear current-operated devices. To maintain
minimum distortion the maximum amount of voltage
negative feedback must be applied. Since we require
an overall voltage gain of 10, we must ensure there are
no significant signal voltage losses at input or output,

GAIN, A
ac 1o O *+12V(Veg)
OUTPUT:
INVERTING
IMPEDANCE, Z:

I/P = MEDIUM-HIGH
O/P = MEDIUM-LOW

Q1=8c2378
Y OUTPUT
Qi
O—I 1.2V(Vpy)
c1
Tu0 RS
INPUT 680R
*c2
22
o T T2 oov

Fig. 1 Common emitter amplifier circuit discussed in text.
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or the amplifier would need extra gain to compensate.

The two practical starting criteria are that, as a rule
of thumb, the input impedance of the amplifier
should be around 10 times greater than the signal
output impedance (in this case, greater than 10k) and
that the amplifier output impedance should be
around 10 times lower than the load impedance (or
less than 5k). Thus signal losses are kept low.

Now back to the original problem — the choice of
R3. To be 10 times less than the power amplifier's
input impedance, it should have a value of 4K7.

The next practical assumption to make is that the
potential at the transistor's emitter should be about
10% of the supply voltage — in this case, about 1.2V,
This is to ensure DC stability over a wide range of
operating conditions.

Many engineers, unaware of the
advantages and disadvantages of
different circuits, play safe and go
straight for an IC Op-amp. ..

For the amplifier to provide maximum output
voltage swing, the collector potential should lie
halfway between the supply rail and the emitter
potential. For a 12V supply it must be:

V=V, + Ve /2 = 6.6V

From this we can calculate the nominal collector
current (which, together with Vcc, helps us determine
a suitable transistor):

le= (Ve = V) /Re = 1.14mA

The emitter potential has already been set at 1.2V, so
R4 can be found from

R4 =1.2/(1.14 x 10 %) = 1k0 (approx).

R1 and R2 are there to ensure that the transistor base
is always supplied with enough current to maintain
the required collector potential, and the third rule of
thumb is that there should always be more than 10
times the required base current, |, flowing down the
bias chain R1-R2.

To determine the base current we have to look in
the manufacturer's data sheet for probably the most
important of the h-parameters — h_, or the transistor's
common emitter DC current gain. Fora BC2378B, h, is
between 250 to 500. The variation is due to
manufacturing tolerances and we should take the
worst case figure of 250 to ensure that our circuit will
function correctly with any BC273B transistor. The
rules of thumb used earlier make sure that a higher-
than-minimum gain transistor will not significantly
alter the bias condition we are about to set up.

Since base current equals collector current divided
by current gain

le=/h; = (1.14 x 1073)/250 = 4.5 pA (approx).

The current flowing down the bias chain, R1-R2,
should be around 10 times |, say, 50 pA.

Since the transistor is passing collector current, the
base potential must be agout 0.6V above the emitter
potential, 1.2 + 0.6 = 1.8V. It is clear that the
potential across R1 equals V.. -1.8V, or 10.2V.
Resistor R1 should pass around 50 MA and should
therefore be about 10.2/(50 x 10-%) ohms. This comes
to about 204k and, bearing in mind that it is better to
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round down than up, since more current is better than
not enough, we set R1 at the preferred value, 180k.

To avoid a build up of errors due to rounding, it is
best to recalculate I,, the current through R1. Ir
equals 10.2/(180 x 1053, or about 56.6 pA.

Since the current through R2 equals the current
through R1 minus the transistor's base current, we can
calculate R2 simply:

R2 = 1.8/((56.6-4.5)x107%) = 34.5 x 103 Q

The nearest preferred value is 33k.

The DC conditions are set up so that the transistor
is oFerating in its linear region and can provide
amplification. The amount of amplification, or voltage
gain, is determined by the total collector impedance
divided by the total emitter impedance.

Collector impedance equals R3 plus the load plus
the transistor's own output impedance all in parallel.
In most cases, the transistor's output impedance can
be ignored as it is high comparecg)with the collector
load resistor. This makes collector impedance equal to
4k7//50k, or around 4k3. The transistor's emitter
impedance is derived using complex mathematics
from the diode equation and can be approximated to
25R/1¢ (mA).

Note that we've assumed that collector current and
emitter current are equal. This is acceptable for
modern day transistors with h figures of 200 or more.
Some transistors have an h,; of well over 1000, these
days, and in these cases the transistor's base-emitter
current is so small, compared with collector-emitter
current, that it can be safely ignored.

The emitter resistance can now be calculated by
dividing 25 by the emitter current in mA, bearing in
mind that emitter current equals collector current:

Re= 25/1.14 = 22R (approx.).

This internal resistance is in series with the emitter
load resistor R, so the total emitter impedance is
1022R. The voltage gain is simply’

A=4300/1022 = 4.2 (approx.).

This is not the value of 10 we were aiming for. To get
that, the total emitter resistance should equal the
collector resistance divided by the required gain, or
around 430R.

Current Complications

To alter R4 now would upset our carefully
calculated bias conditions. So we introduce R5 and
C2 to lower the effective emitter resistance to AC
signals and therefore to increase AC gain. The DC bias
conditions are left unaffected, thanks to C2, but to AC
signals, R4 and R5 are in parallel.

R5 should be chosen so that Re+ (R4//R5) equals
430R. Thus:

(1/1000)4+(1/R5) = 1/(430-22) .
an
R5 = (408 x 10%) = 680 (approx.).

R5 determines the overall AC gain and can, of
course, be altered for different requirements or even
replaced with a small preset potetiometer. C2 should
be large enough to pass the lowest audio frequency
expected without too much attentuation. Very
roughly, the AC gain will drop by 3dB when the
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reactance of C2 plus R5 equals R4, assuming Re is
low. If the roll-off frequency is to be 20Hz, then,

C2=1/(2m x 320 x 20) = 24.8uf
(22uF is the nearest preferred value).

A quick look at the input impedance will complete
the calculations around this single stage amplifier.
Then we will be able to look at its limitations and
some ways to overcome them.

The transistor’s input impedance can be calculated
from h,, and the total emitter resistance:

R, = 250 x 430 = 107kS5,

But the input signal also has to flow through the
DC bias resistor, R2, which can be considered to be in
parallel with the input, reducing input impedance.

Total input impedance is approximately 107k//33k
or about 22k. Happily, this stiﬁfalls within the original
specification that input impedance should be greater
than 10k.

Maximum Gain

An interesting problem faced by many enthusiasts
is to estimate the stage gain when the emitter resistor,
R4, is totally decoupled — that is, when R5 is a short
circuit. Some people guess quite high figures. Others
like to impress and bring out a string of complex
formulae straight from a text book. The formulae are
enough to put most people of electronics for life,
while the guesses are usually wrong.

There is a very simple rule of thumb which works
very well. The gain of a common emitter stage without
emitter degeneration is simply 20 times the supply
voltage.

thumb then gives the maximum gain under ideal
conditions and without taking input and output
loading into account. In practice, maximum gain is
usually between Y2 and % of this figure.

In order to design a single stage
amplifier, its purpose must first be
established . . .

Next month, we’'ll discuss refinements to the
common emitter circuit and other configurations.
There will be considerably less mathematics, since the
principles we've dealt with above should be enough
to stand you in good stead should you want to maEe
your own practical calculations. ETI

The formulae are enough to put
most people of electronics for life,
while the guesses are usually
wrong. ..

Since this often surprises people, here are the
sums:

Assuming high frequenc
very low, and making all
assumptions we've used so far,

operation, so that C2 is
the other simplifying

gain, A= R3/((R5//R4)+Re).
Since R5=0, this reduces to
A= R3/Re.

Now, Re=25x107/Il; and I;=I.
In turn, lc=(Vc=Vce)/ R3, so:

Re = (25x1073xR3)/(Vc—Vce) X40.
A= (Vcc=Vce)/(25x107%) so
A = (VCC_VCE)X1 000/25 OI’ (VCE‘chce) X4O

If we now assume that component values are
chosen so that V¢ lies more or less midway between
Vee and 0V, then V=V will be 0.5V Thus the
gain equation reduces to A = 20V

The last assumption we made follows from setting
the transistors operating point. The ‘20V.' rule of
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WOMEN AND IT

Information technology is the industry of the future. But where are
the women in the electronics and computer industries, asks

Anna Paczuska?

threatens the British IT industry centre on

whether the government or industry should
finance the training programmes needed to
make good the shortfall. Both parties, however,
effectively ignore one area of recruitment — women.

Girls and women represent a sizeable resource of
untapped skill at technician and technologist levels as
well as at professional level. This is particularly
important in view of the population trends which
predict a significant downturn in the overall number
of school leavers over the next ten years.

Token statements about the need to encourage
women appear in all the reports. The Department of
Trade and Industry (DTI) for instance, states in one
report about skills shortages at technician level:

‘Everyone involved with the provision or
application of IT skills should encourage
initiatives at school level and onwards to
increase the number of people studying
relevant disciplines and in particular to
interest girls in IT-related subjects.’

But ’everzone' clearly does not include the DTI.
There is no further mention of women in that report
beyond the predictable generality that ‘initiatives are
under way to attract more women into the industry.’

D iscussion of the chronic skills shortage which

Invisible Signs

But where? The DTI certainly isn’t doing it. It is
constrained by the §overnment’s lack of funding for
training schemes and consequently lays stress on the
need for training initiatives at industrial level, pointing
to such solutions as in-house and in-company training

schemes, private provision as offered by the
electricians’ union (EEPTU) and courses only part
funded by the government, such as the

Microelectronics Applications Programme (MAP). The
DTl is also keen on training courses provided for third
parties by, for example, BT at Stone, Cable and
Wireless at Portcurno and systems houses such as
STC/IAL at Bath.
In its latest report the DTI argues optimistically
that:
‘there are signs that a more positive
message is being transmitted by IT
companies both to girls at school and to
women already in employment.’

A gross inflation of the facts.

Not only are there pitifully few training schemes at
all, but girls hardly get a sniff at those. Engineering
Industry Training Board (EITB) figures for 1984 show
that only 5.3% of scientists and technologists in the
electronics industry were female, and only 9.9% of the
trainees. Similarly, 4.4% of the technicians, including
draughtsmen, (sic) were women, and they were only
8% of the trainees.
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The problem is that not only do employers do very
little to encourage and recruit girls, but circumstances
in the schools positively discourage them.

Far fewer girls than boys present themselves for
training. Figures show that Computer Studies is, at
present, a minority subject in all schools and that
everywhere it is studied very Iargegl by boys. The
attitudes are formed early on and harden as the pupils

et older. A study by the Equal Opportunities
ommission (EOC) in Croydon of pupils taking CSE,

Women only earn 83% of the
average male rate for the same
work . . .

O and A level exams in computer-related subjects
suggested that the proportion of girls taking a course
declined as the course became more advanced. At
GCE A-level, almost four times as many boys as girls
took Computer Science while at O-level the ratio was
less than 2% to 1.

Girls' learned helplessness with machinery and
technology is initiatecfat an early level and reinforced
from all sides. According to a representative of Acorn
Computers we spoke to, a recent ‘Audit of Great
Britain’ showed that in all households owning micro-

_then place the
g\'ngerf;n—l’he button

and depress...

25

www americanradiohietory com



computers, boys are 13 times more likely than girls to
be using them. Only 4% of home micros are used by
mothers. The idea that microcomputing is a boys’
game has prompted Angela Bowie, professor of
Business Administration at the University of
Strathclyde to describe home computers as ‘the
Meccano sets of the 80s'.

Bowie says that by putting up with this state of
affairs, women are seriously ﬁandicapping their
daughters. She argues that more women should buy
and use home computers.

Girls And Boys Together?

Lack of access to home computers is not the only
barrier between girls and new technology. Research
shows that even in school, where computers are
available, girls get a raw deal. A recent study funded
by the EOC and conducted by Lorraine Culley in
Midlands secondary schools revealed that whenever
boys and girls worked together in mixed groups, the
boys hogged the machines and the girls rarely got a
turn. Small groups of boys in a mixedgclass argued so
much about turns and were so noisy that they
effectively demanded all the teacher's time. The girls
in their groups tended to work more co-operatively
but got less teacher time (because of the boys) and so
were often stuck for long periods and achieved less.
Small wonder girls opt out of computer studies.

Against this pessimistic picture, the Acorn survey
found that girls in ‘girls-only’ schools did much better
at computer studies than girls in mixed schools. It
seems that girls are better off without the boys

Women form a majority only at
one level of the electronics
industry: they make up 78% of all
clerks, typists and secretaries.. . .

around. The EOC has suggested that computer clubs
for girls only may help to encourage them. It has also
made a long list of recommendations about the
extended use of computers across the curriculum, the
training of teachers, and the preparation of non-sexist
teaching materials in order to give all pupils equal
chances to acquire computer skills.

Where such measures have been implemented,
says the EOC, girls do much better. But they cost
money and with the present government policy of
education cuts it is doubtful whether such schemes
will be widely implemented.

All Work And No Pay

Sadly, girls are still worse off than boys even if,
against all the odds, they eventually make it into a
skilled job in the IT Industry. A Computer Staff Salary
Survey recently produced by Computer Economics
revealed that not only do women lose out in terms of
access to the most skilled jobs (only 1.6% of data
processing managers are women) but they earn only
83% of the average male rate for the same work.

Recent studies in the US have shown similar
results. A group of researchers at Stanford University
who monitored women working in high technology
companies over a ten-year period found that even
women with qualifications as good as men earned
only 72% of the average male rate.
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In Britain, the disparity between male and female
salaries may partly be explained by the fact that highly
skiled women tend to find top jobs in smaller
companies, which pay less. But it also indicates that
companies think female skills are somehow worth less
than men’s. As the Computer Skills report says:

‘Generally, the largest proportion of
women was to be found at the bottom of
each category of job, and in the less
restigious of the jobs.’
That is gorne out by the EITB figures which show that
women form a majority only at one level in the
electronics industry; theZ| make up 78% of all clerks,
typists and secretaries. They also provide a third of all
manual workers.

A Woman'’s Place

Despite the massive growth of the computer
industry, women’s work remains limited to traditional
areas. If girls receive any training at all at school, it is
for r’obs as typists and secretaries. lronically keyboard
skills are essential for work with computers, but as all
sectors of industry become increasingly computerised
the demand for workers with keyboard skills alone
gets smaller and smaller. At the same time the women
workers who make up the bulk of assemblers and
semi-skilled operators in the electronics industry lose
their jobs.

It's a problem that has forced even the frequently
complacent EEPTU into action on the issue of
retraining their women members. Last year, EEPTU
members at Thorn-Ericsson in Darlington made a
demand for retraining as part of their annual pay
claim. After a long battle, the management agreed to
sponsor retraining for women workers. They go in
pairs for week long courses to the union college at
Cudham, in Kent, where they get an introduction to
analogue electronics. The scheme has only just started
but research officer, Liz Allen, says there is a lot of
enthusiasm for it among the women.

‘Times have changed. Women want to ’
hang onto their jobs. Though many of our
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women members have long service in
companies, what they know isn’t valued.’
Liz also points out why training is such a difficult
demand to negotiate’
‘Many managements still don’t believe that
semi-skilled workers can be skilled.’

Management prejudice toward training girls and
women as technicians is, unfortunatley, all too
common. The Women’s Technology Centre in Leeds,
which provides 60 women a year with training in
electronics and computing, found work placement
difficult in its first year.

‘Some firms wanted to know why girls wanted to
become trainees at all,’ says Christine Donaldson, one
of the Centre’s organisers. Now, after three years
many firms have become more enlightened, probably
because the courses have been so successful.

The Centre takes on 30 under-25s and 30 over-25s
every year, recruiting with a positive discrimination
policy which gives priority to women from ethnic
minorities, the disabled and women with few or no
formal qualifications. The Centre also has a child-care
co-ordinator who helps place children in day-
nurseries or with registered childminders.

The results are excellent. Of the second year
intake, 63% got jobs in related areas and a further 18%
went on to Eigher training, including three to degree
level courses. Much of the credit is undoubtedly due
to the staff who have to re-apply for funding from the
European Social Fund and Leeds Council each year,
but stick with the course despite the insecurity.

Money, Money, Money

Which is remarkable. Money is the main problem
and money is what many schemes, even the good
ones, don’t get. Funds have just been withdrawn from
the Girl Technician Training Scheme funded by the
Manpower Services Commission and run by the EITB.
The scheme grew out of the Scholarship Scheme for
Young Women set up in 1975. This was designed to
publicize the idea that the electronics industry can
and should recruit women. In 1979 it was replaced by
the Girl Technician Training Scheme in which
employers receive a £5000 grant (now £6000) for
every girl technician they recruit above normal
requirements.

Over 150 employers, mainly the large concerns
who emﬁloy the most technicans, took on girl trainees
during the Scheme’s life. Training used to be ‘off-the-
job’ in workshops or FE colleges during the first year,
and ‘on-the-job’” in subsequent years. Of the 346 girls
recruited in 1979-80, 61% completed their training.
The drop-out rate among girls was higher than for boys
in the first year because, as EITB researcher Sue
Peacock says, ‘Some girls found they just couldn’t
cope with being the only girl.” But as Sue points out,
the scheme has been successful and has been
responsible for the slight rise in the number of girl
technicians in electronics over the past few years,
from around 1% when the scheme started to over 4%
of the total.

Despite the scheme’s success, the MSC has
withdrawn its funds because money for training 16-to-
19 year olds must now go to YTS, not to higher level
schemes.

‘It's a pity our scheme can’t continue just because
of a silly rule/ says Sue Peacock. ‘The girls on our
courses have been highly motivated because they're
pioneers. Five percent of them went onto employer
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sponsored degree schemes, compared with 3% of
the boys.’

Even at the highest skill levels in the computin
industry, women still suffer from prejudice an§
discrimination. Traditional and inflexible attitudes
have been responsible for driving some women out of
the centre of the industry into home-based initiatives.
Indeed the DTI seems to think this is a good idea. In
its latest report it says:

‘The very flexibility of IT, and the fact that

IT systems make it possible to work from
home as well as the office or factory,
means that it is particularly well suited as a
career for women at all levels.’

It would be aven
move useful if one
-~ of us could type !

Doubtless the DTI have taken a cue from firms which
have set up on just such a basis.

The systems house, F International, is a case in
point. Set up as far back as 1962 it started as a small
group of freelance programmers working from home.
They now handle consultancy, design, training and
systems analysis, employing over 850 people in the
UK alone. Some 96% of their workers are female, but
that's not because they are biased against men. As
their representative told us, it's because ‘men think
they have to go out to work.’

Staff at F International work on a project contract
basis, and work literally pours in — from
multinationals and large British concerns alike.
Barclays, Babcock Construction, British Steel, Lloyds,
Shell, the Department of the Environment and British
Aerospace are just some of their customers. Like
everyone else, they're currently advertising for staff.
They take only people with a minimum of 4 years
experience in data processing and believe that they
make available a pool of skills which traditionally
organised firms cannot do.

‘Why should career people with skills be lost to the
computer industry just because they have family
commitments? their representative asked me. Why
indeed? But do women have to go back into their
homes and turn information technology into a
glorified cottage industry before manufacturers will
recognise, and pay for, their skills? ETI
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OSCILLOSCOPE
MEMORY DISPLAY

Does your oscilloscope persistently refuse to display sIong—
changing waveforms? lan Marshall explains how a little updating

nyone who uses an oscillo-

can help.
scope will know how frustrat-

A ing it is trying to view

slowly-varying signals on a standard
short-persistence screen. Waveforms
such as capacitor charge/discharge
curves, modulation envelopes in
electronic music generators,
transducer outputs and physiological
signals just cannot be satisfactorily
displayed and studied on a general-
purgose oscilloscope.

This add-on memory display
allows flicker-free viewing of such
signals by storing ten seconds of
signal and constantly refreshing the
screen fast enough to eliminate
visual flicker. The displayed
waveform scrolls across the screen
in reaktime or can be frozen for
closer examination.

As a spin-off from the explosive
growth of microprocessor elec-
tronics, a wide range of complex
support chips are now available at
virtually throw-away prices. This
opens up all sorts of possibilities for
projects which would have been
inconceivable even ten years ago.

A microprocessor need not be

used to take advantage of Random
Access Memory (RAM) and
analogue/digital interface 1C’s. The
memory display uses simple gates,
flip-flops and counters to perform a
function which does not warrant the
complexity of microprocessor con-

CLOCK

—

!

SCROLL/
FREEZE

SCOPE
O—a—q
TRIGGER LOGIC

DiSPLAY
COUNTER

CONTROL
LINES (4)

ADDRESS
BUS (11}

INPUT o——{%— ADC )

RAM (2K x 8)

) Dac -—@ﬁoouwm

DATA
BUS (8)

Fig. 1 Block diagram of the complete memory display.
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trol. Apart from an inexpensive 2K
RAM, an ADC and a DAC, only a few
popular CMOS logic |C's are
required to build the display and all
components should be readily avail-
able from a number of mail-order
suppliers. The total cost should not
exceed £35.

The Circuit

The input signal is first filtered and
then sampled 200 times per second
by the ADC. The resulting 8-bit data
is stored in the 2K of RAM. In bet-
ween the storing of samples, the
entire memory contents are read out
to the DAC and are displayed on the
'scope screen, with the timebase
triggering from the scroll/freeze logic.
The refresh rate of 200 per secon
(5ms per frame) is high enough to
create the illusion of a continuous,
flicker-free display.

In the normal scroll mode the con-
trol logic ensures that successive
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Fig. 2 Circuit diagram of the control logic.

samples are stored in consecutive
memory locations, so the memory
contents are gradually updated at
the rate of one location per display
sweep of 5ms. The displayed
waveform thus appears to scroll
across the screen, taking ten seconds
for all 2048 addresses to be updated.
In the freeze mode, successive
samples are stored repeatedly at the
same memory address at the
extreme left-hand side of the display.
The stored data corresponding to
the other 2047 addresses remains
unchanged from sweep to sweep, so
the display appears stationary.
The circuitry convenientlyrr)reaks
down into the control logic (Fig, 2),

the memory channel (Fig. 3) and the
power supply (Fig. 4). The elements
of the bIocE diagram are readily
identified in the complete circuitry.
The input signal is passed through
anti-aliasing filter IC9 before being

sampled by the ADC converter IC10.

Samples are stored in the 2K x 8
memory IC8 at the address present
on the outputs of display counter
IC7. Except when a sample is
actually being stored, the RAM is in
read mode and as the addresses are
sequentially counted through, data is
read out to the DAC, IC11. The
resuItin%anangue signal is low-pass
filtered by 1C12 before being
dispIayeJ on the oscilloscope.

HOW IT WORKS — CONTROL LOGIC

The scroll/freeze logic (IC2 and
IC3a) dictates the relationship bet-
ween sampling interval and display
memory address and, with 1Cs 4, 5
and 6, produces the pulses
necessary to take a sample, store it at
the correct address, and trigger the
oscilloscope sweep. In the scroll
mode, IC3a introduces a one-cycle
delay so that 2049 clock cycles
elapse in between samples. During
this time the memory address coun-
ter IC7 has progressed through all its
states and advanced one further
count. Samples are thus stored pro-
gressively one memory location later
each time, creating the scrolling
action. In the freeze mode, the
sampling pulses are synchronised
with the memory address so that
only the one location is updated
repeatedly while the rest of the data
remains frozen.

Construction

With the exception of the mains
transformer, all the circuitry is con-
tained on a single printed circuit
board of standard Eurocard dimen-
sions (160 x 100mm). For ease of
etching and essembly, the board is
single-sided and requires several
wire links to be inserted as shown on
the overlay diagram. The short links
can be of bare tinned copper wire,
but the longer runs carrying the ADC
control signals should be of insulated
wire.

Once the links are in place, pro-
ceed with the IC sockets, resistors,
capacitors and terminal Pins. The
copper tracks are quite fine and
closely spaced around counter |C7

The ubiquitous 555 timer, IC1, is used in
the astable mode to produce a clock 0 of
approximately 400kHz. The dock signal
drives both the scroll/freeze counter 1C2
and the memory address counter 1C7.

In the normal scroll mode of operation,
the Q12 output of counter IC2 is taken
back to its reset input via flip-flop 1C3a
which introduces a delay of one clock
cycle before the count sequence restarts.
Thus 2049 clock cycles elapse before the
count sequence repeats itself. The rising
edge of output Q11 drives flip-flops 1C4a
and 1C4b to generate a Start Convert (SC)
pulse for the ADC. This pulse is
synchronised with the dock, and is one
clock cyde in duration.

Once the ADC conversion is initiated,
its Busy line goes low until conversion is

_complete (in nine dock cycles) when it
retumns to the high state. The rising edge
of Busy sets flip-flop 1C5a, and flip-flop
IC5b generates an Output Enable (OF)

pulse to request data from the ADC. OF
is gated with 0 to produce a Write Enable
(WE) pulse for the RAM; the gating is
necessary to ensure that WE is not still
low when the RAM address lines are
changed as counter IC7 advances on the
next clock edge. Gates 1C6a and 1C6b are
used to provide a delay from 0 to the WE
gating matching the propagation delay
through flip-flop 1C5b. By means of the
OE and WE pulses, the new sample of
data is stored at the address specified by
IC7. Samples are taken every 2049 clock
periods, giving a sampling rate of approx-
imately 200 per second. Because 2049
clock cycles elapse in between successive
sample/store operations, the address
counter IC7 will have advanced 2049
states - one complete count sequence of
211 plus one extra state. Thus each sample
is stored progressively one memory loca-
tion later, overwriting the old data. With
the oscilloscope sweep triggered from

OFE the display appears to scroll, the input
signal appearing at the right-hand side,
moving to the feft across the screen, and
disappearing. At the sampling rate of 200,
all 2K addresses are updated in just over
10 seconds which is therefore the
amount of signal displayed.

In the freeze mode, the reset line of
IC2 is held low by R3 and the counter is
allowed to cydle freely in natural binary
fashion. Output Q11 has positive trausi-
tions every 2048 clock cycles and the
resulting SC pulses, ADC conversion and
sample storage are thus synchronised
with the memory address counter.
Successive samples are stored at the
same one location in memory whilst the
contents of the other 2047 RAM
addresses remain unchanged. The display
therefore appears stationary with the

latest 10 seconds of signal frozen.
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Fig. 3 Circuit diagram of the memory channel.

HOW IT WORKS — MEMORY CHANNEL

In the memory channel, the signal to be
displayed is applied to potentiometer
RV1 and a portion of it is taken from the
wiper to the second-order low-pass filter
(LPF) formed by 1C9. With a frequency
cut-off of approximately 50Hz, this filter
prevents aliasing of the signal by remow
ing frequency components above half the
sampling rate. The filter has a passband
gain of 5, (set by resistors R7 and R8), so
that in conjunction with the gain control
RV1, a wide range of signal levels can be
accommodated.

. The ZN427 analogue-to-digital conver-
ter (ADQO 1C10 is an 8-bit successive
approximation type, taking nine clock
cydes to complete a conversion. It has an
on-chip reference voltage of 2.56V which

is available at pin 8, and in this design it
is used as the reference input by connect-
ing it to pin 7. A conversion is initiated by
an SC pulse, whereupon the Busy line
goes low. At the end of the conversion
period, Busy returns high, signalling the
control logic that a sample has been
taken and is ready to be stored in
memory. The subsequent OE pulse from
IC5 enables the ADC outputs (which are
normally in the high impedance state®
placing the new data on the data bus.
Simultaneously, WE is taken low so that
the new data is written into the 2Kx8
RAM IC8, the address being dictated by
address counter 1C7. This sampling and
storage operation occurs in between
successive display sweeps.

During a display sweep, the RAM is in
read mode and counter 1C7 clocks round
the address lines. The data from the RAM
is read out in sequence to the digital-to-
analogue converter (DAC) 1C11, and the
reconstructed analogue signal is available
at pin 4. The output from the DAC is
passed through low-pass filter 1C12,
which deans up the discrete step-like
nature of the waveform for subsequent
display. The output signal lies in the range
zero to +2.55V, so a zero input voltage
will emerge from the memory channel
with an offset of 1.27V. This is of little
consequence as the output signal is
displayed on an osdilloscope which will
have a Y-shift control.

HOW IT WORKS — PSU

Mains transformer T1 together with
bridge rectifier BR1 and reservoir
capacitor C10 provide an unregulated
supply of approximately 8V DC. This is
regulated to 5V by IC13 to supply the
logic circuitry and the positive rail of op-
amps 1C9 and 12. Capaditors C11 and
C12 are situated close to the regulator to
improve its stability and noise
performance.

The op-amps and the ADC also require
a negative supply, at a total current of
typically 3mA. Rather than use a centre-
tapped transformer and another reservoir
capacitor/regulator combination, this low
current is provided by voltage converter
IC14. This is configured to generate a
mirror-image of its supply votage, -5V
from +5V. The total current drain of the
memory display at 5V is approximately
90mA.

240V
AC

L

» T
F
‘ 6V BR1 3 2 s Vout O +5V
LCH cOoM l
[ T oo
cio A+ 100n
330u~l-
. > O 0V
177
8
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1C13 = 78L.05 c13+r 5 == C)4
IC14 = ICL7660 1c14
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Fig. 4 Circuit diagram of the power supply.
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Fig. 5 Component overlay for the memory display PCB.
PARTS LIST
RESISTORS (all aW,5%) (65 220n BR1 W01 or similar
R1 2k2 C6,12 100n bridge rectifier
R2 2k7 an 1u0 10V electrolytic
R3 100k c8 2n2
R4-6 10k c1o 330u 25V MISCELLANEOUS
R7 3k9 electrolytic SK1-3 BNC chassis-
R8,14,15 1k0 C13,14 10u 25V electrolytic mounting sockets
R9,11 8k2 Swi Single pole toggle,
R10,13 390R SEMICONDUCTOR slide or pushbutton
R12 82k IC1 NE555 switch with NC
RV1 10k linear 1C2,7 4040 contacts
potentiometer 1C3-5 4013 T Mains transformer
ICe 4011 6V, 200mA (1.2VA)
1C8 6116 RAM secondary
CAPACITORS 109,12 TLO71 PCB; mounting pillars; case strain relief
(o] 10n IC10 IN427 grommet for mains lead; knob; IC
Q 220p IC11 ZN426 sockets, 4 off 8-pin, 5 off 14-pin, 2 off 16-
a9 1n0 IC13 78105 or LM340L-5 pin, 1 off 18-pin and 1 off 24-pin DIL;
4 470n 1IC14 ICL7660 nuts, bolts, etc.

and the RAM IC8, so care is
necessary to avoid forming solder
bridges between adjacent tracks and
pads around this part of the layout.
Solder in the regulator I1C13, but do
not insert any of the other [C’s at this
stage.

The case can be of plastic or metal
(or even French-polished walnut for
that matter!), the only restrictions
being that it should be large enough
to house the PCB and mains transfor-
mer and that it should have a front

ETI NOVEMBER 1985

panel, preferably of metal, on which
to mount the various sockets and
controls. The mains cable enters
from the rear, being securely
anchored in the back panel by a
strain relief grommet. The PCB is
fastened to the base of the case by
means of short spacers. The transfor-
mer frame and all accesible metal
parts of the case must be earthed,
which may mean taking earth wires
to the individual panels. Assembly
screws do not necessarily provide an
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adequate low-resistance contact.
The choice of transformer is not
critical, and practically any mains
type capable of providing between 6
and 9V RMS at 200mA will suffice.
The raw DC voltage at the input of
IC13 should not fall below 6.5V or
the regulating action will be lost. If
this happens, the output will track
the input voltage but at about 1.5V
lower. On the other hand, the mean
input-output differential at the load
current of 90mA should not be
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Fig. 6 Timing diagram for the control logic.
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eater than 6V or the dissipation in
e regulator will exceed the safe

limit (0.6W for the TO-92 package).

If

you already have, say, a 12V

transformer in the junk box, the
excessive power can be burned off
by using a TO-220 packaged 7805

re
m

gulator for IC13. This device has a
aximum dissipation of 2W in free

air, rising to about 8W with a
10°C/W heatsink fitted.

Mount the BNC sockets, the

switch and the potentiometer on the
front panel. A toggle switch is
specified for the Freeze control, but
it momentary action is preferred

a

biased toggle switch or a

pushbutton could be used instead.
The contacts should be normall
closed. The wiring to the controls is
very straightforward and should pre-
sent no problems provided the

di

agrams and the photograph are

followed carefully. Construction is
completed by wiring the mains lead
to the transformer primary and con-
necting the secondary winding to the

PC

D

B.

Testing

Apply power to the Memory
isplay and check the DC voltages

present at the input and output of
the regulator, 1C13. The output

shoul

be within 0.3V of 5V. If all is

well, insert the negative rail generator
IC14 and check that -5V is present
on its output, pin 5.

Having established that the power

supply is working correctly, testing of
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the logic circuitry can begin. It is
assumed that the constructor has
access to an oscilloscope, and
waveform diagrams are given in Fig,
6. Proceeding systematically, using
these waveforms and the circuit
description given in How It Works, it
is possible to insert the IC's in easy
stages and check circuit operation. In
this way any problems due to solder
bridges, bent IC pins and so on will
be quickly brought to light.

Begin with the master clock (#)
enerator IC1. A square wave at a
requency of approximately 400kHz

should be seen at its output, pin 3,
and should apﬂear on the approp-
riate pins of other IC sockets across
the board. Next insert IC2 and IC3
and monitor the Q11 output (pin
15) of 1C2, which should be a
squarewave of period 5ms. Now
insert IC4 and check that each rising
edge of Q11 produces a Start Con-
vert (SC) pulse. At this stage the ADC
(IC10) can be inserted, ensuring that
SC and the clock @ reach it, ang that
its Busy line goes low for nine clock
cycles after the SC pulse. With ICs 5

BUYLINES

The resistors, capacitors, semiconduc-
tors and other general components are
all widely available from various adver-
tisers and the usual mail-order suppliers.
No case has been specified but, as poin-
ted out in the text, its dimensions and
construction are not critical.

The PCB will be available from our
PCB Service.
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1 and 6 in place, the rising edge of

Busy should be seen to produce the
OE and WE pulses.

With the control logic tested and
working properly, proceed to the
memory channel. Insert the address
counter IC7 and check that its out-
puts are clocked round by #. If all is
well, the RAM IC8 can be carefully
put in its socket, and the DAC IC11
and the two op-amps 1C9 and I1C12
inserted. It should now be possible
to apply a signal or a voltage level to
the input socket and see the scroll/
freeze action at the output socket,
with the ‘scope display sweep
triggered by the OE pulse which is
brought out to SK3, the Trigger
output.

In Use

The waveform to be displayed is
applied to the input socket and the
oscilloscope trigger input is connec-
ted to the trigger socket. The scroll-
ing display is taken from the output
socket to the scope Y-input. Set the
scope timebase to produce a sweep
of approximately 5ms so that the
memory contents are read out once
per sweep. Adjust the gain control
until the displayed waveform is as
large as possible without exceeding
the range of the ADC. This will be
apparent as clipping of the display in
much the same way that analogue
circuits clip if over-driven.

The frequency response is from
DC up to a theoretical maximum of
50Hz (set by the low pass filter,
IC9), but if sine waves are being
viewed the practical upper limit is
set by the number of cycles that
can be resolved across the screen.
This is a function of the trace
width, screen size and viewing
distance.

Potentiometer RV1 sets the input
impedance at 10k, so some form of
buffer amplifier will be required if
you wish to look at high-imﬁedance
sources such as capacitor charge/
discharge curves.

Refinements

Experimentally-minded readers
have plenty of scope (sorryt) for
modifying the memory display from
the form presented here. The most
obvious possibilities include expand-
ing the memory and/or having more
than one memory channel. The
Erimary design constraint is that

owever much waveform is stored, it
must all be read out to the scope
screen at least 50 times per second
to avoid annoying visible flicker.
Happy viewing
ETI
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PROJECT

THE RHYTHM

CHIP

Geoff Phillips calls it the RHYTH.ROM because it uses EPROM
data to generate and measure beats-per-minute. Hit me, hit me!

he simple method of
T designing a beats per
minute meter is to use the
standard analogue frequency-
to-voltage approach.
Each beat is made to trigger a
monostable of set pulse width and
the pulses are then averaged in an
integrator. The output voltage of
the integrator is proportional to
the beat rate and an analogue
meter can be scaled accordingly.

A design employing this
technique would have a slow
response time and always has an
annoying ripple voltage present
which causes the meter needle to
quiver at the beat rate being
measured. As always, a digital
method is best. A binary counter
can be used to count up pulses
from an oscillator during the time
period between two beats of the
music. The number of pulses in
the counter is a measure of the
beat rate.

The problem is converting this
count into a binary coded decimal
number equivalent to the beats
per minute. Real time calculation
of the beat rate digitally
would involve the use of
microprocessors. If all the answers
are calculated by hand, however,
they may be [oaded into an
EPROM which would then act as a
look-up table giving a correlation
between the binary number in the
counter and the appropriate BCD
numbers for an LED display.

Beat The Clock

As most EPROMs have 8-bit
outputs, the beats-per-minute
information will best be stored as
two-digit BCD numbers. This will
look just the same as two-digit hex
numbers to the EPROM but the
display will be limited to a
maximum beat rate of 99. It was
decided to incorporate a 2x switch
facility to cater for beat rates up to
198. The clock input of the binary
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counter is switchable between the
clock oscillator and a divide-by-2
flip-flop. If the EPROM is
programmed for the divided clock
then switching to the normal clock
will enable beat rates of 99 to 198
to be measured. The display
resolution is obviously 1 beat per
minute. Ninety-nine beats-per-
minute is 0.606 seconds-per-beat
and 98 beats-per-minute is 0.612
seconds-per-beat, so a measuring
resolution of about 6ms would be
adequate. A 100Hz clock was
chosen to make the maths easier.
The lowest beat rate that needs to
be catered for is in the region of
25 which means that only the first
256 addresses of the EPROM
need be programmed.
Ninety-nine beats-per-minute
is equivalent to 0.606 seconds-
per-beat. During this time, 0.606/.01
(=60) clock pulses would be
counted in the binary counter. The
first 60 (decimal) addresses of the
EPROM should therefore be
loaded with hex A1 which will

give an overrange indication on
the LED display of blank-1. The
data for the remaining EPROM

addresses may be calculated as
follows:

EPROM data= 60
EPROM address x 0.001

rounded to the nearest whole
number. The calculation is
performed in decimal but the data
entered in 2-digit hex format.

For those who can’t be
bothered to work them all out,
Table 1 shows all the answers. For
those of you who are even lazier, a
preprogrammed EPROM is
available (see Buylines).

Making ROM

A 555 timer is used as the
metronome. It is connected in the
astable mode and can drive a 50
ohm speaker direct. It gives a
series of clicks not unlike a
conventional metronome. The
speed is adjusted with a
potentiometer.

Inside the prototype Rhyth-ROM — wire integral PSU.
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Fit the resistors and capacitors
first. This is always a good idea
when CMOS ICs are being used.
When fitting the push button
ensure that the two notches are in
line with the length of the PCB.
The ‘x1-x2’ switch is soldered
straight onto the PCB. The leads of
the tempo pot must be bent 90°
towards its shaft and the pot is
then fed from the rear of the
PCB through the large hole and
then secured with the pot nut on
the top of the PCB. The switch
section of the tempo pot is hard
wired to the PCB with flying leads.
Ensure that the LED displays are
fitted with the decimal points
towards the centre of the PCB.
When the PCB is complete
connect it to a 5V power supply
and the Rhyth-ROM is now
ready for calibration. (The
prototype included a 5V supply in

the case, but this is not necessary).

If you have access toa
frequency counter, monitor the
speaker output of the Rhyth-
ROM. Set the ‘'x1-x2’ switch to x1
and turn the tempo pot slowly
until 1 beat-per-second is

obtained and the frequency
counter reads a period of 1.000
seconds. Adjust RV1 until the LED
display of the Rhyth-ROM reads
60 beats-per-minute, If you don’t
have a frequency counter, use a
watch or clock to adjust the tempo
rate.

Operation

The Rhyth-ROM is in the
metronome mode of operation
when the tempo pot is switched
from its fully anti-clockwise
position. Clockwise rotation of the
pot increases the tempo. The LED
display shows beats-per-minute
directly when x1 is selected. If
overrange is shown on the LED
display then select x2 and multiply
the display by 2. If the musician
coincides the first beat of the bar
of the music with the clicks of the
Rhyth-ROM then the LED
display will obviously show bars-
per-minute. The speed of the
music in ballroom dancing is ver?l
important. A modern waltz should
be 32 bars-per-minute, a
quickstep 48-50.

The tempometer mode is

selectable by turning the tempo
pot fully anticlockwise so that its
switch is operated. The Rhyth-
ROM'’s speaker will then click
when the rhythm button is
pressed. Tap along with each beat
of the music with the rhythm
button and the LED display will
show the tempo being played.

In the resistor manufacturing
industry, resistor blanks are cut to
length by a machine. Metal cups
are then fitted by another machine
and then a helix is cut by a laser
spiral machine. All these machines
are of a cyclic nature and
production managers are very
anxious to know their production
rates in pieces-per-minute. The
Rhyth-ROM is simply tapped
in time with the machine and after
a minimum of two taps the
production rate is shown.

After a workout in the gym, feel
your pulse and tap the Rhyth-
ROM to measure your heart rate.
The speed at which your heart
recovers is an indication of how fit
you are. It will probably indicate
that you should be spending less
time constructing electronic
circuits and more time jogging.
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Fig. 1 The circuit diagram of the Rhyth-ROM.
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PROJECT: Rhyth-ROM

___HOW IT WORKS _

EPROM Address

HEX 01 2 3 456 7 8 9 AB CDEF
0000 Al e
0010 e
0020 i e e e
0030 e e A1 99 98 97 95
0040 94 92 91 90 88 87 86 85 83 82 81 807978 77 76
0050 7574 7372717160 69 68 67 67 66 65 65 65 63
0060 63 62 61 61 60 59 59 58 58 57 57 56 56 55 55 54
0070 54 53 53 52 525151 50 50 50 49 49 48 48 48 47
0080 47 47 46 46 45 45 45 44 44 44 43 43 43 43 42 42
0090 42 41 41 41 41 40 40 40 39 39 39 39 38 38 38 38
00A0 38 37 37 37 37 36 36 36 36 36 35 35 35 35 34 34
00BO 34 34 34 34 33 33 33 33 33 323232323232 31
00Co0 31 31 31 31 31 30 30 30 30 30 30 30 29 29 29 29
00DO0 29 29 29 28 28 28 28 28 28 28 28 27 27 27 27 27
00EO 27 27 27 26 26 26 26 26 26 26 26 26 25 25 25 25
00F0 25 25 25 25 25 24 24 24 24 24 24 24 24 24 24 24
0100 23 x x X X X X X X X X X X X X X

b g

Fig. 2 Component overlay.

e e

SET TEMOD

1C1 is a 555 timer connected in the
astable mode. When the charge on C4
has increased so that the voltage at pin
6 increases to 2/3 of V¢ then pin 3 goes
low producing a click in the
loudspeakers. Pin 7 goes low also
which quickly discharges C4 via R7.
When the tempo pot is switched to
manual or tempometer mode, it is the
rhythm button, SW1, which triggers I1C1.

The pulses from IC1 are formed into
a 1:1 mark sg,ace ratio by flip flop 1C3a.
At the positive goin% edge from 1C3a,
the binary counter 1C4 is quickly reset
to zero via C2, R3 and the contents of
the EPROM, IC5, are latched into 1C6
and I1C7. The clock oscillator formed by
iC2a and b is then enabled via pin 6
and depending upon the position of
the x1-x2 switch, pulses from pin 4 of
iC2b or 1C3b are fed to the binary
counter 1C4. When pin 1 of 1C3a goes
to a 0, counting ceases and the stored
count in 1C4 selects the appropriate
address of 1C5. The data from IC5 is
allowed into 1C6 and IC7 by virtue of
pins 5 being at 0. ICs 6 and 7 decode
the data and drive the appropriate
segments of the LED displays. When
pin 1 of IC3a goes to a 1 again the
whole process is repeated.

PARTS LIST
RESISTORS (all 1/4W 5%)
R1 220k
R3,6 10k
R4,5 330k
R7 470R
R821 150R
RV1 22k horizontal miniature
pre-set
RV2 100k lin pot with switch
CAPACITORS
() 47n
Q 100n
c4 224 16V electrolytic
C5,6,7 100n
c8 1000p
SEMICONDUCTORS
1C1 555
1C2 4011
1C3 4013
1C4 4040
IC5 2516 (or 2716) single
rail EPROM
1C6,7 4511
D1 1N4148
LED Displays (two off) HDSP5303 or
equivalent
Red LED

MISCELLANEOUS

Printed circuit board

50 ohm loudspeaker

PCB mounted switch, PCB mounted
button, case, knob.

BUYLINES

The loudspeaker, button, switch, and
LED displays are available from Maplin.
The tempo pot with switch is available
from Electrovalue. The pre-
programmed EPROM and PCB are
available from G P Electronic Services,
87 willowtree Ave., Durham DH1 1DZ,
at £5.20 for the PCB and £5.99 for the
EPROM.

ETI
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MODULAR TEST
EQUIPMENT

Mike Meakin describes the second of his low-cost, slot-together
test gear modules — a THz to 100kHz sine, square and
triangular wave generator.

his article describes the
T construction of a waveform

generator which assembles
onto a single printed circuit board
complete with all the necessary
controls and connectors. It is one
of a series of test equipment
modules which we plan to present
over the next few months which
together form a versatile
integrated test system. Each
module is entirely self-contained
on one PCB, removing the need
for cases and all the other
hardware usually required and
allowing a high performance test
system to be assembled at
minimum cost.

The heart of the system is a
power supply module which was
described in last month’s ETI. As
well as providing variable voltages
to power equipment under test, it
also provides the correct voltages
to drive each of the other modules
and so avoids the costs associated
with providing separate PSUs.
Ideally the power supply module
should be built first, gut there is
no reason why the waveform
generator should not be fed from
any other suitable supply if
constructors don't require all the
facilities of the main PSU or want
to assemble the modules in some
other order.

The waveform generator
produces sine, triangle and square
wave outputs variable in
frequency from THzto 100kHz and
with an output level of up to 5V
RMS. The board continues the
basic design philosophy of the
system by having switches and
potentiometers which mount
directly onto the board. The
switches are designed for preset
programming but should still have
a life of about 20,000 operations.
They can be Oﬁerated by a small
screwdriver. The potentiometers
are of a type normally used as
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+15V

15k

EXTERNAL
STRAY , STRAY
T CAPACITANCE T CAPACITANCE

1 | |
| OV —b

INTERNAL

'-——-4

QUTPUT WAVEFORM

—15V —b— +15Vv
W_]r_j[____jf_
—15v

Fig. 1 Internal and external capacitances are charged through the 15k pull-up resistor
and prevent the 'output voltage rising quickly on the leading edge of squarewaves.

presets and are small, PCB
mounting and have an integral
knob.

can be obtained from waveform
generators using op-amps and
discrete components, it was
decided for reasons of simplicity
and cost to use an IC. The 8038

was chosen because it is readily
available and offers reasonable
erformance for its cost. However
it is not without minor problems.
These arise when using the
square wave output, whic
consists of an open collector NPN
transistor with its emitter
connected to the negative supply

While superior performance

+15V

100k
47k %1

+1

oV —8—

OUTPUT WAVEFORM

+1.5V

ov— —_— —_ —_ —_

-7.5v

Fig. 2 Using the output transistor as a current switch in a virtual earth arrangement
minimises the effect of the stray capacitances and gives a greatly improved rise-time.
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PROJECT

O +15V
RS R13 R18
é)%' 10k§ éook 10k
R14
c1
— RVE
100n AP 10k
6 RV5 OFFSET
2 7 1°°k§ R7 VOLTAGE
3 >—+ 100k
S e - R8 100k _lg— .
FREQUENCY 9 S S 1%
e 5 ] P
roz2c f\f\, o
2 .
SEENAVIY =
3 R10 33k 9 1C2a
ANV AAAA 9 3 S
é AN
12 RE SW2a SK1
10k FUNCTION CUTPUT
RV4 R16
swi[io M 100k 20
5 OUTPUT
. VOLTAGE
o 4 95 RANGE
27k
+
- R11 R12 R19
c2[ c3[ ca[ cs] cé 100k 100k 10k
1n0{ 10n}100n] 1u0| 10u
— 44 4 O 15V
SW1 RANGES
1=110Hz .
2 = 10-100Hz
3=0.1-1kHz NOTE:
4= 1.10kHz IC1 = 8038
5 = 10-100kHz IC2 = NE5532 or TLO72 (SEE TEXT)
- C10 ci1 PINE
PRESETS: ~T" 100n 1000 162,
ADJUST RV1 TO SET MINIMUM FREQUENCY
ADJUST RV3 TO OBTAIN BEST MARK/SPACE RATIO 1
ADJUST RV4 AND RV5 TO OBTAIN MINIMUM DISTORTION '|' n 'I' 25V
! ! ! ! O -15V
Fig. 3 Circuit diagram of the waveform generator. The circuit is intended for use with the power supply module described last month, so
no power supply circuitry is included here.

HOW IT WORKS

The 8038 is configured in the manufac-
turers application circuit and interested
readers should refer to the Intersil data
sheet. RV2 controls the frequency with
RV1 setting the minimum frequency. The
component values chosen allow a 1:10
frequency range to be covered in 5
switched overlapping ranges.

The output waveforms are buffered
and scaled by 1C2a to give an output of
5V RMSt7V p-p for the sine wave out-
put and similar peak to peak outputs
for the square and triangle waveforms.
A passive attenuator, R16-R17, and the
output level control RV7 give three

switched decade ranges and con-
tinuous level control.

The output amplifier consists of a
unity ¥ain invertlng amplifier which
sums the output from RV7 with a
switched variable DC offset of + 5V con-
trolled by RV6 and SW3. A47R resistor in
series with the output provides addi-
tional protection for the output amplifier
under short circuit conditions

The power supplies are decoupled
both by 47u electrolytic capacitors and
polyester capacitors. The module con-
sumes about 30MA from each 15V
supply rail.

BUYLINES

Verospeed and Cricklewood are amon

those who can supply the encloseﬁ
horizontal presets and RS Components
stock the carbon track presets with in-
tegral knob. RS will only accept orders
from trade and professional customers
_but Crewe-Allen & Co of 51 Scurtton
Street, London EC2 will obtain parts
from them on payment of a small han-
dling charge. The stock numbers are 184
-350forthe 10k presets and 184-372 for
the 47k preset.

The DIL switches used on the pro-
totype were on ERG DS16D 1-6 or SW1
and an ERG DS16D 1-3 + 1-3 for SW2.
ERG will not handle small orders but
electronics clubs and other groups pre-

pared to order reasonable quantities
could try contacting them directly at
Luton Road, Dunstable, Bedfordshire
LUS 41}, tel 0582-62241. The PCB has
extra holes to allow eight position
switches to be used instead (the extra
positions can be ignored) and RS stock
number 337 - 532 could thus be used as
SW1. A standard eight-way DIL switch
could be used as SW2 but you would
have to make sure thatonly one switch in
each group of four is ever on at one time.
Another alternative is to use standard
rotary or slide switches and glue or bolt
them to the board.

The PCB will be available from our
PCB Service,
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pin. The manufacturers
recommend pulling the output up
to the plus 15V supply viaa 15k
resistor. Both internal and external
stray capacitances are charged via
this pull up resistor, so the square
wave output has slowly rising
edges which are ﬁarticularly
?lg)tice)able at high frequencies

ig. 1).

gA more serious problem is that
when the square wave output is
used, spikes appear on the peaks
of the sine wave output. These
may possibly be due to internal
earthing arrangements within the
IC itsel?and the only sure cure is
to disconnect the pull up resistor.

Both of these problems can be

minimized by using the circuit
shown in Fig. 2. The output
transistor is now used as a current
switch in a virtual earth op-amp
circuit. When the transistor is off
the output of the op-amp goes to
approximately —7.5V due to the
100k resistor connected to the
+15V supply. When the transistor
conducts a current is drawn from
the virtual earth and the output of
the op-amp rises to +7.5V to
supply this current. Rise and fall
times of the square wave output
are much improved and this
configuration allows the use of a
single pole switch, with

)
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Fig. 4 Component overlay for the waveform generator PCB.

disconnection of the pull up
resistor when not selected.

There is a choice of output
amplifier. A TLO72CP biFET op-
amp can be used for low cost or
alternatively an NE5532 dual low-
noise op-amp can be used for
superior output performance. This
IC can deliver over 10V RMS into
a 600R load and was designed
specifically for audio applications.

Construction

Because the waveform
generator is designed for use
without a case or front panel, the
range markings on SW1 and the
other legends will all have to
grinted on the PCB itself. This is

est done by screen printing the
boards, but the cost is
considerable and we have
decided to supply the boards
without screen printing in order to
keep the price down. This allows
constructors to choose their own
method of labelling.

The cheapest method would
be to mark the boards with a
chinagraph pen or somethin
similar. It might also be possible to
use embossed tape (eg, Dymo)
but the character size would
probably be too large to allow
much information to be fitted in
the available space. Labelling by

38

either of these methods is best
done when the board has been
assembled.

A better but more expensive
method is to use rub-down
lettering. This would have to be
done before installing any of the
components. Begin by cleaning
the upper surface of the board
thoroughly with a suitable solvent
and then spray on a light coat of
clear varnish — the type sold in
motoring shops for lacquering
chromework Is quite good. Wait
until the varnish is thoroughly dry
then loosely install the
components which require labels
and note how much space you
have around them.

It is best to use white letting
rather than black since it shows up
well against the board. Most art
shops stock sheets of rub down
lettering in a variety of typefaces
and typesizes, but white is less
frequently used than black and
you may have to order some and
wait. The most widely available
lettering has a series of parallel
broken guide lines on the sheet,
and these can be lined up against
the edge of the PCB as each letter
is rubbed down to ensure that the
row of lettering is straight. Check
frequently as you work that none
of the lettering will be obscured by

www americanradiohietory com

— PARTS LIST ____

RESISTORS

R1 27k

R2, 4 3k3

R3 amM7

R5, 6,18, 19 10k

R7,8,11,12,13 100k

R9 22k

R10 33k

R14,20,21,22 47k

R15 18k

R16 2k0

R17 200R -

R23 47R

RV1 1k0 enclosed
horizontal preset

RV2, 6 10k carbon track

reset with

integral knob

RV3 500R enclosed
horizontal preset

RV4, 5 100k enclosed
horizontal preset

RV7 47k carbon track
ﬂreset with integral

nob

CAPACITORS

C1,4,8,10-13 100n polyester

2 1n0 polyester

a 10n polyester

(6] 1u0 polyester

Cé 10u 35V tantalum

Cc7,9 10p ceramic

C14,15 47u 25V axial
electrolytic

SEMICONDUCTORS

IC1 8038CC (Intersil)

1C2 NE5532 or TLO72
(see text)

MISCELLANEOUS

SK1 3-way Molex plug

Swi1 1-pole 6-way DIL
slide switch

sw2 2-pole 3-way DIL
slide switch

Sw3 single-pole Dit
switch

PCB; IC sockets if desired, 1 off 14 pin

and 1 off 8 pin DIL

the components when they are
inserted, and when all is finished
apply several coats ot varnish at
suitable intervals and leave to dry.
Installing the components
should present no problems
provided a reasonable degree of
care is taken and the overlay
diagram is followed closely. Begin
by soldering into place the wire
links, the socket, the switches and,
if you are using them, the IC
sockets, then move, on to the
resistors, the potentiometers and
the capacitors. The hole positions
may need to be adjusted with a
small file if you are using
potentiometers which are
physically different from those
used on the prototype. Finally,
install the two |Cs, making sure
that they are the right way around.
If you are using the waveform
generator with the power supply
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PROJECT: Waveform Generator

module described last month,
solder leads from the appropriate
pads on the generator to the thick

copper tracks on the supply board.

Note that only the =15V rails are
needed and trwat the +5V output
from the supIpIy is not used. If you
have not built the power supply
modaule, you will need a regulated
115V supply in order to operate
the waveform generator. The
current drawn will be about 30mA
from each rail.

Testing And Setting Up

Set the potentiometers and
presets to their mid positions, the
function switch to sine, the range
switch to 100Hz - 1kHz, the level
switch to 5V and the offset switch
to off. Apply power and monitor
the output, either with a ‘scope or
by connecting it to an audio
amplifier. For those without access
to any other test gear, there is little
more that can be done at this
stage apart from checking ranges
and operation of the offset control.
However, in a future article the
construction of a universal counter
timer/frequency meter will be

described which will allow the
complete setting up to be carried
out.

Those who have a ‘scope and
frequency meter should select a
s?uare wave output at a frequency
of about 100Hz and adg'ust the
mark space ratio for 50% dut
cycle using the preset RV3. The
frequency span should be
adjusted for a 1:10 range using
RV1 and the frequency

potentiometer, RV2. There is
considerable overlap of the
ranges.

witch to sine wave output and
trim the distortion presets until
you get the best wave shape.
These interact with each otherand
can best be adjusted by looking at
the waveform on a scope. A
distortion meter could be used if
you have access to one. Finally,
check the output levels.
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FREE 44 PAGE
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capacity, 500mm reach

Robots programmed from keyboard or hand
held simulator {modet robot )

Robots may also be taught by ‘lead by the
nose’ method

2 Piease phone for brochure: 0264 50093
) West Portway Industrial Estate. Andover SP10 3ET1
a8 RYPIINB IE 4 e andt independent company giving prompt,

& Rppilicatisns

personal service

Hydraulic
using

Extensive software is supplied free with
each robot.

Leads availabie for connection to 8BC
ZX Spectrum, Appie lte, Commodore 64
and VIC 20

Most other micros are aiso easily usable with
these robots.

Robots availabie as kits or ready bullt

FMS [Flexible Manufacturing System)} work
elt addiuons aiso available
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SWITCHING

REGULATOR

To kick-off a new, occasional series on circuits usinﬁ discrete
ing

components onlr
regulator that wi {

many projects featured in ETI

'this year have not included at
least one |C? Apart from a Tech
Tip, which was almost apologetic
about the fact, | can’t find any at
all. Now, I'm not advocating a
return to the electronic stone age
of cat’'s whisker and Leyden jars.
Contrary to popular belief it really
is possible to design circuits with
discrete components that work
well and don’t use an excessive
number of parts. The chances are
you'll have most of the
components in your spares box
anyway, so the project won't cost
much to build, and if anything
burns it will be a 10p transistor
and not a £10 IC. The best thing of
all about using discrete
components is that you can
experiment with every part of the
circuit, since it's not set solid in a
block of silicon. Convinced? Then
read on.

I‘wonder if you can guess how

Switching Regulators

This month's circuitis a
switching regulator. The basic
circuit delivers 5V at 1A and has an
efficiency of around 80%. With an
input of 20V and a small heatsink
on the switching FET, the circuit
runs under full load at what
washing powder packets call ‘hand
hot’JYou can comfortably touch
the heatsink without asbestos
gloves, which is more than can be
said for linear regulators under the
same conditions. The output
current capability can easily be
increased with a suitable choice of
FET and some attention to the
choke.

No doubt you're all aware of
the ideas behind switchin
regulators so I'll be as brief as

ossible. The main problem with
inear regulators is t")\at they waste

40

The prototype switching regulator.
(This is not quite identical to the final
circuit).

a lot of power. If we have an input
of 20V and need an output of 5V
at 1A, the regulator has to drop
15V and pass a current of 1A plus
whatever its internal circuitry
needs, and my calculator says that
this comes to more than 15W. As
the output to the load is only 5W
the efficiency of the best linear
regulator in the world under these
conditions is going to be less than
25%.

A switching regulator, on the
other hand, can have an efficiency
of 100% in theory. When a switch
is on it passes current but has no
voltage across it. When it is off, it

Paul Chappell brings you a switc
provide a steady 5V at up to 1A.

has a voltage across it but no
current flows. In either of these
conditions V x | = 0, so no power
is lost. Naturally the 100%
efficiency can never be achieved,
partly because the regulator’s
internal circuitry requires some
current, but mainly because of
imperfections in the switch. The
most serious imperfection is the
time taken to switch from one
state to the other, during which
period it will be wasting power.
Sensible efficiencies to aim for are
between 70 and 85%.

One way a switch can be used
to drop an input voltage is shown

o .\ — T i Fig. 1 Basic
L switching
iy Vout LOAD regulator
-l— configuration.
o— 4
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CURRENT
THROUGH
INDUCTOR

|
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|
|
|
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|
|

Fig. 2 Inductor
current.

SWITCH ON SWITCH OFF

SWITCH ON

SWITCH OFF

a1

Fig. 3 (left) Basic
drive circuit and

Fig. 4 (right)
improved bootstrap
drive circuit.

TO REST OF ) TO REST OF
CIRCUIT Vin CIRCUIT

1 SWITCHING

az SIGNAL 02

[s}]

in Fig. 1. When the switch is
closed, current begins to flow in
the inductor and Vout starts to
rise. When the switch is open, the
inductor will produce a voltage in
the direction needed to maintain
the flow of current, so the right
hand side will become positive
with respect to the left hand side.
As the voltage at the right hand
side can’t change instantly,
because of the capacitor, the left
hand side will go negative until it is
‘caught’ by the diode at 0V or

thereabouts. Current will continue
to flow into the load, the circuit
now being completed by the
diode, but will reduce as the
energy stored in the inductor leaks
away. If the switch is continuously
opened and closed, the current
through the inductor will vary
about a mean level, and as long as
the switch is operated frequently
enough it will never stop flowing
altogether. The inductor
effectively smoothes out the
pulses from the switch.

For a given load, the output
voltage will depend on the mean
current and therefore on the ratio
of ‘on’ to ‘off’ times of the switch.
With the addition of some circuitry
to sense the output and keep it at
a constant level by operating the
switch, we have a switching
regulator.

The Switch

| chose an n-channel MOSFET
as the switching element more for
reasons of economy than anything
else. P-channel devices tend to
cost around twice the price of
their n-channel counterparts, so it
makes sense to avoid them where
possible.

The circuit of Fig. 3 would work
as a means of driving the FET,
given a high enough input voltage
to allow Q1 to be driven hard into
conduction and a small enough
value of R1 to charge the gate
capacitance within a reasonable
time. (The faster Q1 turns on, the
lower will be the power it will
dissipate, so the higher the
efficiency of the regulator.)

The circuit of Fig. 4 gives an
improvement in turn-on time. The
idea is that when the drive
transistor Q2 is conducting, the
FET will be turned off, its source

portion of the output voltage is tapped
off by RV1 and applied to the base of Q1
while Q2 base is held at a constant
voltage by D1. (I used a band-gap
reference diode there, by the way, but in
this application a zener would be just as
good.) RV1is setso thatwhen the output
is at exactly 5V, the voltage at the slider
equais the voltage of the reference
diode. If the voltage at the output rises,
so will the voltage of Q1 base, so current
will be steered into Q2, turning on Q4
which in turn takes the gate of Q5 low.
This turns off Q5, the current in the
inductor begins to decay, and when the
inductor current becomes lower than the
load current the output voltage will

HOW IT WORKS

+VE O—
Q5, D3, L1and C5, 6 and 7 correspond to D2 @ o3 |
the parts shown in Fig. 1 with Q5 taking - a3 i as B vore,
the place of the switch. Q3 acts as a 2 ssﬁ,: ' *SEE TEXT FOR
constant current source giving TmA into : EQUIVACENTS
the emitters 0fQ1 and Q2. The portion of E a3 BLeE L
the current that each transistor will take 3 %0 ‘°°% a5 iaon gdSlociez 1S
depends on the relative voltages of their g oib D1 = 2N423*
bases. If Q1 base is at a much lower g 0T e D21 oR
voltage than Q2 base, Q1 will take the 3 wv i Q2 —— 6k8
current. If Q2 base is lower than Q1 8 .62 ) ) e
base, Q2 gets the current. There is a 2 "4[5 i O+VE v
small linear region when the base NN ::.*l* =L+ T
voltages are almost equal and the tran- §R1 o S 4 T337 wr 23
sistors share the current, but othewise e X 0 \ 1ov I &
one transistor or the other gets the lot. A L

Fig. 5 Circuit of the switching regulator.

begin to drop. When the output voltage
drops below 5V, Q1 base goes low with
repect to Q2 base so current is steered
into Q1 and awayfrom Q2. Q4 thenturns
off, allowing the bootstrap action of C4
and R5 to take the gate of Q5 high. Q5
turns on, the current in L1 builds up, the
output voltage eventually rises slightly
and the whole cycle takes place again.
The entire circuit will therefore be in a
state of continuous oscillation — around
100kHz in the prototype.
The action of the bootstrap compo-

nents is described elsewhere. C2 and R3

serve to pull Q1 and Q2 quickly through
their linear region to improve the com-
parator action.

This type of circuit is known as a rip-
ple regulator because the switching is
controlled entirely by the ripple on the
output. Ithas the advantage of simplicity
but the disadvantage is that the switching
frequency will vary considerably with
changes in the load, so it is not possible
to tune the circuit for optimum perfor-
mance at one particular frequency.
Output filtering to give a perfectly
smooth voltage is also more difficult.

ETI NOVEMBER 1985

www americanradiohistorv com

41



T e e e e e e e e ey o e e B e o oy WPt

PARTS LIST
RESISTORS (all %4W, 5%) SEMICONDUCTORS
R1,3 1k0 Q1,2 BC212L
R2 2k7
Q3 J505 (or
R4 680R equivalent see text)
R5 3k3 Q4 BC182L
R6 6k8 Q5 IRF510 (or
R7 2k2 equivalent see text)
RV1 1k0 horizontal D1 ZN423 (or
cermet equivalent see text)
D2 1N4148
CAPACITORS D3 VSK530 (or
equivalent see text)
cl 740125V electrolytic
2 100p ceramic MISCELLANEOUS
a4 100n ceramic
(o2} 100n ceramic L1 18 turns 19 SWG on RM10
G5,6,7 47, 10V tantalum pot core; PCB.

5
UNREGULATED
NPT

Fig. 6 Component
overlay for the
switching regulator.

15 26V 5V REGULATLL

OUTPUT

voltage will be at 0V or
thereabouts, and C1 will charge up
to the full input voltage. When Q2
turns off, Q1 conducts and its
source voltage rises to the input
voltage. The voltage across C1
remains, and as the voltage at Q1
source rises, so does the voltage at
the other end of C1. This reverse-
biases the diode and lifts the
voltage at the top of R1 to almost
twice the input voltage. This gives
a considerable improvement in
turn-on time and allows the circuit
to be used with smaller input
voltages than would otherwise be
possible.

Components For The
Regulator

Most components in the circuit
are working under conditions that
are not too demanding, and
following Auntie Static’s advice
(ET! September, 1985) | have
stuck to general purpose devices.
There are a few exceptions.

42

D3 must have a low forward
voltage drop and short recovery
time. | chose a Schottky barrier
rectifier but a silicon fast recovery
device would also do the trick,
although the much higher
conduction voltage drop of these
would mean lower efficiency for
the regulator. Components you
can’t use are signal diodes (when
Qs is off, D3 takes the entire load
current) or ordinary rectifier
diodes like TN4001 (the reverse
recovery is painfully slow.)

D2 must also have a fast
recovery, but as all the
requirements are met by a general
purpose TN914 or IN4148 there
is no need for anything exotic
here.

The choke L1 is working under
difficult conditions. It must pass
the entire DC component of the
output current as well as dealing
with any fluctuations, so care must
be taken to avoid saturation of the
core. Two other points to watch if
you want to make any changes to
L1 are that it is one of the

www americanradiohistory com

components which determines
the oscillation frequency of the
circuit, and secondly that it can
radiate a good deal of EM
interference. Remember that the
circuit is producing powerful
oscillations at low radio
frequencies, so interference with
other equipment can easily
become a nuisance.

Finally, you may wish to choose
a different FET. Some desirable
characteristics are a low drain-
source resistance (r ds(on)) short
rise time (tr) and fall time (tf), high
foward transconductance (gfs) and
low input capacitance (Ciss).

Experiments,
Madifications, Etc

If you have never built a
switching regulator before, don't
just take my word for it that the
components should be such-and-
such. Replace D3 with a TN4002
and see what happens!

The circuit could be improved
by better output filtering. You
should bear in mind that there's
no point in increasing the size of
the capacitors on the output.
About 20mV of ripple is needed to
switch the circuit and increasing
the capacitor value will just slow
down the frequency of oscillation.
Any additional filtering will have to
be ‘tacked on the end’ of the
circuit.

There are two fairly important
things that the circuit lacks: a soft
start and overload protection, The
idea of a soft start is that the input
voltage should be established
before the regulator begins to

Vin
L

Q4

Fig. 7 Soft-start circuit.

deliver current to the load, to
ensure that the regulator will
function correctly. The easiest way
to achieve this is to introduce a
time delay, as shown in Fig. 7. This
method is not ideal because the
regulator would switch on even if
the input only rose to 4V and
stopped, but it will cope with
normal powering up and most
fault conditions. As Vin rises, the
transistor in parallel with Q4 holds
Q5 off. When Vin reaches its final
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PROJECT: Regulator

value, the capacitor will continue switching efficiency of Q5 which

to charge through the resistors will get rather hot under overload

until the negative plate drops conditions. R

below the voltage needed to hold A circuit with possibilities is

the transistor on. The regulator can | shown in Fig. 9. The extra COLLECTOR | ™=

now start working. The diode to transistor al%ows Q1 to work as !

ground discharges the capacitor normal when Vout is high. If Vout i SMITTER

quickly when Vin falls. The diode drops, conduction in the transistor
is reduced and R begins to take -
the collectors high. A point will i
quickly be reached where Q1 can d
no longer pass any current; Q2 Fig. 10 No, the labels aren’t wrong...

gets it all and holds off Q5 by the

normal action of the circuit. Q1 . ..
collector will end up at a voltage some extent, the effective circuit

higher than its emitter. As will be as shown in Fig. 10 with Q1
transistors work ‘back to front’ to supplying extra current to hold Q2
hard on. The regulator will be
locked off and will not supply any
current at all.

Naturally, arrangements will
have to be made to ensure that
the extra transistor turns on when
02 power is first aﬁplied. The
@.- . regulator will then be reset after

- overload by turning the supply off
and on again. With a little
ingenuity the transistor could be
switched by a sudden drop in the

Q4

0.5R

Fig. 8 Simple current limit.

in series with the transistor base is
to increase the amount of ripple
that can be present on Vin without
switching the transistor on and off.
The circuit of Fig. 8 is a simple
form of over-current protection. At
a little over 1A the extra transistor
will begin to turn on, limiting the
voltage applied to the gate of Q5.
This circuit is not ideal as the output voltage rather than at a
resistor will waste power at all - certain voltage level. As all good
times. More important, the action Fig. 9 A possible protection circuit. text books say, | leave these as an
of the circuit is to reduce the exercise for the reader... ... £TI

AUDIO MODULES AT THE LOWEST PRIGES

Now Distributed by Riscomp
POWER AMPLIFIERS PRE-AMPLIFIERS & MIXERS

AL 1030 {(AL30) - Low cost general purpose 10W/ 207 - A quality stereo pre-ampifier and tone
8ohm module, supply voltage range 18-30V control unit suitable for driving any of the above
amplifiers. Operates from a supply rail of 40-70V

Qa3

| EXTRA
RESISTOR

£3.85 + VAT

AL 1540 - At 15W/B8ohm medium power module
incorporating over-ioad protection. Operaling
voitage range 20-40V

£13.95 + VAT

MM 100 - 3 input mixer featuring individual ievel

controls, master volume, treble & base controis
24-15 ot VAT with inputs for rmicrophone, magnetic pick-up
and tape or second pick-up (selectable). Operates
from 45-70v o

AL 2550 (AL60) - Compact 25W/8chm module for

H lGH QUAL'TY ELECTRON'C MODULES domestic applications with a distortion figure of

06%. operating voltage range 28-50V

e 100W Mono & Stereo professional amplifiers shown in last months
£12.40 + VAT

issue £98 & £140. £4.95 + VAT
* Disco Lighting Module 750 watts per chan, 4 chan, forward reverse °

cr_wase £15.40. :';}».507& f&'ﬂ;ﬁz)ir}e?pﬂifs gﬂxmoh;n rrb\og::: MM 100G - As MM 100 except inputs are for 2
* DiscoSequencer Moduel 1024 sequnces, 1000 watts per chan % chan protection circultry, produces realty st “dase | guntar +microphone £1240 + VAT

(selectable), zero cross and inductive load. £40.65. 3ound with a distortion level at an incredible

e Amplifier Modules Mos-fet Low distortion 008%, on board protection
fuses and power supply requires only transformer & heatsinks,
saves £££'s.

Amplifier chassis from 100W Mono to 250W Stereo. Professional Mos-
fet for O.E.M. from £36.95. All ampilifiers are fitted with redpoint black

POWER SUPPLY

SPM80/45/55/65 - A stabiliser module available
in 3 voltages, 45/55 & 65V providing a stabilised
output of up to 2A and providing a superior
21 2.45 + VAT performance especizlly with the hglgher power
audio modules (Requires an appropriate
transformer + resarvoir capacitor)

1

on Heatsinks for reliability. Inputimpedance 47K ohm, Inputsensitivity | | A- 1280 (AL250) - & ragged top of tho rence
0.775 volts, Total harmonic distortion .008%, Damp factor > 400, fre- into 4ohms which employs 4 heavy duty output
transistors to ensure a stable and reliable
quency response DC - 40KHZ & Slew rate 70 v/us. performance. Currently used in disco units, public

* Heatsinks Ex Stock. 2.1 ¢/w redpoint heatsinks £2.50. oqdrepsisystemsflpkgiboxesiandievenidomestic £6.85 + VAT

£14.70 + VAT

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

Srde” TECHNOCROWN LTD

42 Fallowtield, Luton, Bedfordshire LU3 1PX

‘ Alf modules supplied with a ‘
comprehensive Data Sheet.

Tel: 0582-598167 e, 51 POPPY ROAD,
Mail order only. gl ee by phone [ [m] le PRINCES RISBORDLUGH,
" et & packing BUCKS O
Postal charges per order £1. Welcome schools, colleges, and e e L'Hn‘ED B e

Trade. - Securicor £10.00 delivery.
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ETI MILLI-
FARADOMETER

This one is definitely wack?', but it’s also an ingenious and
a

reliable way of measuring

rge-value capacitors. Thank God

it’s Faraday, we say, and thanks to designer Ray Bold.

measuring capacitors in the

range 1uF to 100,000uF, and
was inspired by the purchase by
the author of a‘goody bag’
containing a huge number of
unmarked electrolytics, and the
prospect of a long tedious exercise
using a bridge to measure them. A
handy electromechanical counter
and some development work led
to the construction of a prototype
instrument from which this design
derives.

Construction is straightfoward.
The meter uses a bench supply
rated at 12V DC and the full load
current is in the region of 200mA.

T his instrument is capable of

Theory

If a capacitor, which is initially
discharged, is charged from a
constant current source, the
voltage across it will change
linearly with time. The time taken
to charge to a given voltage will be
dependent on the size of the
capacitor and the magnitude of
the charging current. Expressed
mathematically,

CV=1lt

t=CV/ 1

If we fix Vand |, then t will be a
function of C, and if we then
arrange to measure t, we will also
be measuring C.

In this design, a constant
current of either 9uA, 90uA,
900uA or 9mA is supplied to the
capacitor under test (CUT). The
voltage across the capacitor is
monitored by a window
comparator and, while the voltage
is within the limits of the window
comparator, a counter operates at
approximately 10Hz to give an

or

44

L tenee

Thoroughly modern milli...

(ADOMETER

\:’

ey

s

COUNTER
OPERATES

UPPER
VOLTAGE
LIMIT | __

LARGE C
CHARGES
SLOWLY

LOWER
VOLTAGE |[—— 5l — oo L
LIMIT

COUNTER
OPERATES

SMALL C
CHARGES
QUICKLY

Fig. 1 Charging time between voltage limits is proportional to capacitance

under constant current conditions.
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PROJECT

D +12v

* i<
D3
R3 R4 <RS R6
220k <22k < 2k2 S 220R
Z01
2v?
R8
15k
swi1
+ RV1
=1 a1 10k
1000u
NOTE:
IC1,2 = 3140 e
1C3'= 4001
aiz-gc1aL |
Q3'= ZTX500
D1-4 = 1N4001 2
ZD1 = 2V7 400mwW 8 12
R1 R2 R9 .w '@ ]
33 L 15R 22k 9 13
Q COUNTER D4
Ve

ooV

Fig. 2 Circuit diagram of the ETI Millifaradometer.

indication of the capacitor's size.
Figures. 1 and 2 help to illustrate
the theory.

Circuit Description

The circuitry around Q1 (Fig. 3)
forms a constant current source
with the current being selected by
SW1. The capacitor under test is
connected to the terminals
marked CUT. SW2 and R2 remove
any initial charge on the capacitor.
When SW2 is opened the
capacitor charges at a constant
current and its voltage increases
linearly with time. Since the
relationship is CV = It, for a given
current, the voltage will rise
between two limits over a time
determined by the value of the
capacitor.

IC1, IC2 and associated
components form a window
comparator whose output goes
low when the voltage across CUT

—__BUYLINES

lies within certain limits. The limits
can be adjusted by RV1, so
providing a means of calibration.
The window comparator gates the
astable built around 1C3 which
counts at the rate of
approximately 10Hz, driving the
counter via Q2 and Q3 as long as
itis gated on.

D3 and C1 decouple the
supply to the sensitive parts of the
circuit and protect them from the
interference generated by the
counter. D4 suppresses tKe spikes

The counter used in the prototype
was supplied by MS Components,
Zephyr House, West Norwood, Lon-
don SE27 9HL (01-670 4466),
catalogue no. 9036, price £5.75. Its
dimensions are: 45.7 x45.7 x 50.5mm
(depth to end of terminals), cut-out
size 37x23mm. The case was also
supplied by MS  Components,
catalogue no. 4108, price £2.71. Its
dimensions are 170 x 143 x 56mm. No
other components should pose any
problems and the PCB will be available
from our PCB Service.

ETI NOVEMBER 1985

Veur

WINDOW

VOLTAGE
AT D1 AND
02 ANODES

VOLTAGE
AT IC3
PIN 4

COUNTER BEING
OPERATED AT 10Hz
VIA Q2 AND Q3

Fig. 3 Voltages at key points in

the circuit.
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HOW IT WORKS ___

The Millifaradometer consists of four
basic sections.

a) A constant current generator
based on Q1 and associated
components.

b) A window comparator built
around 1C1 and 1C2.

c) A gated astable multivibrator
around 1C3a and IC3b.

d) A counter and driver transistors
Q2 and Q3.

With SW2 closed, the capacitor to
be measured is connected across the
terminals marked CUT. The switch and
15R resistor ensure that the capacitor
is discharged at the outset. When SW2
is opened the capacitor charges up via
Q1, and the voltage increases linearly
at a rate dependent on the current and
size of capcitor.

When the bottom of the ‘window’
(set by the divider chain R7, R8, R9Y,
RV1) is reached, the output of the win-
dow comparator goes low gating on
the astable muitivibrator 1C3a and b.
This runs at approximately 10Hz and
drives the counter via Q2 and Q3. After
a time, determined by the value of the
charging current, the size of capacitor
and the width of the window (set by
RV1), the output from the comparator
goes high and the counter stops.

The charging currents and window
width are so arranged that on range 1
the voltage across a capacitor of 10uF
will change by 1V/s and during this
time the counter will count to 10. A
capacitor of 20uF will take twice as
long and count to 20 in 2 seconds on
range 1. On the X 1000 range a
capacitor of 47,000uF will take 4.7
seconds to change its charge by 1V
and the counter will register 47.

generated by the counter. Figure 3
shows the voltages at various parts
of the circuit during a
measurement cycle.

Construction

The printed circuit overlay is
shown in Fig. 4 and is mounted
using two of the mounting posts in
the case, drilled 3mm. The board
is drilled 3.5mm and 3mm set
screws are used. Another 3mm set
screw, with nut and spacer is
inserted just above IC1.

Take care to mount polarised
components and semiconductors
correctly, and solder in the
semiconductors last. Component
values are not critical butif R3 to
R6 are close tolerance so much
the better. Electrolytics have large
tolerances which vary with age and
temperature, so extreme accuracy
is unnecessary.
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Fig. 4 Component
overlay of the ETI
Millifaradometer.

| ’ .3 %
cu.T. : "
o E @m
:‘\ """ s ﬁhvﬁﬁﬁﬁ&&&. 3 SRR e T

PAT 3900 1 1

B8 T 3

COUNTER

PARTS LIST ___

1

RESISTORS (All %aw 5% carbon film)

R1 3k3

R2 15R

R3 220k

R4,9 22k

R5 2k2

R6 220R

R7 180k

R8 15k

R10 IM9

R11 470k

R12 10k

RV1 10k horizontal
skeleton preset

CAPACITORS

C1 1000p 16V
electrolytic

2 100n polyester

SEMICONDUCTORS

1C1, 2 3140

1C3 4001

Q1, Q2 BC214L

Q3 ZTX500

D1to4 1N4001

ZD1 2V7 400mW zener
diode

MISCELLANEOUS

SW1 Single-pole 4 way
rotary switch
SwW2 SPST toggle switch

Counter, 12V, 10 impulses per second
with reset; case (console type); PCB;
terminals; pointer knob; red and black
4mm plugs; connecting wire; set
screws; nuts, washers, transfers.

|

Flying leads are used to
connect the instrument to the
bench power supply or 12V
battery.

The panel layout is shown in
Fig. 5. If the case is supplied with a
protective film on the panel, leave
this on until all marking out (with
a ballpoint pen) and drilling is
completed. Peel off the film just
prior to lettering and assembly.
This will reduce the risk of damage
to the finish. Take care not to
mount the counter any lower than
indicated as clearance below is
minimal. Even so, the terminals

may need carefully bending a
little, supporting them with
pomted nose pliers near the body.
After applﬁmg the lettering, the
finish can be protected with two
thin coats of clear laquer.

Setting Up

Find a capacitor of between 10
and 20 uF. If possible, measure it
accurately on a piece of
commercial equipment. Reset the
counter to zero and connect the
capacitor. With SW1 on the X1
range switch SW2 to test. The

28mm

@

[ ]

e

59mm

O *O-

25mm

ETI MILLIFARADOMETER

x10  x100
x1 ! , x1000

STANDBY

70mm

35mm

66mm

111mm

Fig. 5 Front panel layout of the ETI Millifaradometer.
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PROJECT: Meter

counter should operate. Note the
reading and repeat the procedure
adjusting RV1 to give consistently
accurate results. With large value
capacitors there is a delay before
counting begins while the bottom
of the window is reached.

In Use

If in doubt about the value of a
capacitor, set the range switch to a
high range. The counter may count
a couple of times or fail to count at
all, which will indicate that a lower
range is required. Starting on a low
range may mean watching the
counter for an excessive time until
it stops. When counting finishes,
simply add the number of zeros
indicated by the range switch and
that is the value of the capacitor.

To test another capacitor,
switch the test switch up, replace
the tested capacitor with the one
to be tested, zero the counter and
select a likely range. Then switch
the test switch to test and watch.

After finding the value of a
capacitor (bearing the +50%/-20%
tolerance in mind) it is frequently

Inside the case.

which is very leaky will charge
slowly and seem to have a large
value because of the current
shunted through its own internal
resistance. Capacitors which
behave in this way should have
their leakage checked with a
multimeter set on resistance.

gossible‘to find the voltage rating
y referring to catalogues, as these
often give data including the
physical size of capacitors.

The Millifaradometer can also
be used to check electrolytics in
faulty equipment. It should be
remembered that a capacitor
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CHORUS

UNIT

Designed to complement the Noise Gate
described in our July issue, lan Coughlan’s

Chorus unit offers the maximum of versatility

in the minimum of space.

wo of the most popular
T effects available to
musicians are double-
tracking and auto double-
tracking, better known
simply as echo and chorus
respectively. The design to
be described offers both of
these effects in a simple,
compact, battery-operated unit.
Double-tracking can be
roduced by placing a large,
eavy, metal plate close to the
vocalist or musician, to reflect
sound back to the microphone.
The result is a much richer, fuller

sound. Strictiy speaking, this ought
not to be called echo since the
time-delays involved are too short
for the ear to interpret them as
such. The subtle phase-differences
produced will be interpreted quite
correctly as a’a large, heavy ojbect
close to the sound-source’! Plates
are still popular in the studio and
many electronic delay units seek
to reproduce their sound or
perhaps offer several types of
'plate sound'.

Chorus is an attempt to
emulate the sound of another
instrument or voice playing or

HOW IT WORKS

singing along in perfect harmony
with the first. To understand what
is involved in producing this effect,
consider fora moment what an
extra instrument or voice would
sound like — exactly the same as
the ori%nal. Either heard singly

woulid be indistinguishable from
the other, but heard together they
will interact, producing subtle
phase shifts which our ears then
interpret as a second instrument
or voice.

The chorus effect can be
produced by delaying a portion of
the audio signal, slowly varying this

1C2a is connected as a high-impedance
input buffer, and R7 and C5 provide
high frequency pre-emphasis, or boost,
to the input signal. Part of this signal
oes to Mix control RV1, and part goes
through [C2b which has a gain of about
0.3 and then through a low-pass filter
built around 1C3a. This filter prevents
high-frequency components  from
reaching the BBD line, 1C4. IC4
requires two DC bias voltages, and
these are provided by the divider chain
R12, R13 and R14. The delay-line also
requires two anti-phase clock signals,
and these are supplied bLICS which is
a phase-locked loop IC, but is used in
this design as a simple voltage con-
trolled oscillator. 1C4, a TDA1097, is
specified for a supply voltage of no less
than 12 volts. Because this is a com-
pact battery-operated unit and the
supply must be regulated, 5V is all it
gets. It will work, but the performance
suffers. In particular the attenuation
from input to output, typically 0dB at
12V, is very much higher at the
reduced supply voltage.
1C3b is configured as another low-
pass filter, and gets rid of most of the
clock-frequency from the output of the
delay-line. Q1, a field-effect transistor,
functions as a simple switch to gate the
signal through to the next staﬁe
depending on whether or not the
EftJ:ect is selected. The next stage is an
amplifier with sufficient gain to com-
pensate for the attenuation of the
delay-line. The output from this stage

oes to the Mix control. It can be seen
that at one end of the Mix poten-
tiometer is the un-delayed signal and at
the other is the delayed signal. The
position of the Mix control determines
the proportion of each that appears at
the output.

The 1n0 capacitor (C21) across the
feedback resistor of IC2c will reduce
the high-frequency response of this
stage but remember that high-
frequencies were boosted at the input
sltage, so the overall response is fairly
flat.

1C6 is the sweep-generator. 1C6a is
an integrator, and 1Céb is connected as
a Schmitt. If the voltage on 1C6 pin 7 is
of a sufficiently high level, pin 1 will
also be high. This will cause pin 7 to
ramp downwards at a rate determined
by R32, C23, C24 and the Rate control.
When the voltage is low enough, it will
cause 1C6b to switch, sending its output
low. This will cause 1C6 pin 7 to ramp
upwards, and the cycle repeats itself.

Unfortunately, the linear ramp
which 1C6 produces is of little use in a
chorus. The sweep-generator is used to
vary the clock-frequency of the BBD
line, and hence the delay-time. There’s
no problem when the delay-time
changes from, say, 7 to 10 milli
seconds, but if the delay-time changes
from 17 to 20ms in the same time, the
ear hears a not-very-musical “whoop”.
What is needed is some way of slowing
down the rate-of-change of the delay-
time as it approaches the 20ms end of

the range.

The solution relies on the fact that
bipolar transistors have a very non-
linear switch-on characteristic at low
levels of base current. This characteris-
tic is used to turn the linear output of
the ramp generator into something

proaching that shown in Fig. 3. At
the 7ms end of the delay-time range,
the rate-of-change is high but inaud-
ible; at the other end, the rate-of-
change is much slower. RV3 and RV4
are used to adjust the shape of the
waveform.

When the width control is fully
clockwise, it can be seen that the
signal present at 1C3d will appear at
the input of the VCO, and therefore
the delay-time will sweep over the
entire range. As the width control is
turned counterclockwise, the input to
the vCO is derived more and more
from 1C2d, whose output is set by the
Manual control, RV5. Thus the Width
control provides the option of a fully
swept delay-time, a fully manual delay-
time, or anything in between.

All of the op-amps are supplied with
+9V except 1C6, which is supplied with
+5V. The delay-line and its clock
generator are also supplied with +5V.
A 78L05 provides the +5V supﬁly.
Some parts of the circuit require half
the battery voltage and others require
+2.5V. These voltages are provided by
potential dividers.
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PROJECT

NOTE:
IC1=78L05
1C2.3=TLO74
IC4 = TDA 1097
IC5 = 4046

IC6 = TLO82
Q1= BF244A
Q2,4 = ZTX500
Q3 = ZTX300

D1,2 = 1N4148
LED1 = MINIATURE RED LED

Cc23 c24
4u7  4u?
16V 16V

i

C25
100n

Fig. 1 Complete circuit diagram of the chorus unit.

REMOTE
SK3

delay, and mixing the delayed
signal with the undelayed signal.

The two signals are identical, but
mixed together they will interact,
sometimes adding together and
sometimes cancelling out. Qur
ears are fooled into tﬁinking that
what they are hearing is a second
instrument or voice.

The Circuit

The heart of the Chorus is a
Bucket Brigade device (BBD), in
this case a TDA1097 which has
1536 stages or ‘buckets’. To get an
idea of how a BBD device works,
imagine a line of people trying to
put out a fire by handing buckets
of water along the line, then
imagine that they don’t pass the
bucﬁets but each pour tﬁe water
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from their bucket into the next
person’s bucket. If we ignore
spillage, then it’s clear that the
contents of the first bucket will
eventually find their way into the
last bucket, delayed by the time
taken to pass along the line.

In an electronic ‘bucket-
brigade’ the buckets are
capacitors, the men are transistors
and the water is a voltage level.
The voltage leve! on the input to
the BBD line will eventually
appear at the output, delayed by
the time taken to pass through all
the ‘buckets’. The delay time is
dependanton the clock frequency
applied to the BBD line.

The TDA1097 requires a two-
phase clock and this is supplied by
the voltage controlled oscillator
section of a 4046 phase-locked

loop chip. Two clock cycles are

www americanradiohietory com

required to shift the input signal
through each stage, so the delay
time can be expressed as:

N
Yd) =%

where N is the number of stages
and f is the clock frequency. For
chorus, a delay range of seven to
20 milliseconds is about right,
and this gives a minimum clock
frequency of 38.4kHz and a
maximum of 109.7kHz. The
TDA1097 is only specified to
100kHz, but no problems were
encountered with the prototype.
A BBD line is essentially a
sampling device, and as such
introduces the problem of the
clock-signal interfering with the
audio-signal. The clock signal will
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Fig. 2 Component overlay for the chorus unit PCB.

inevitably find its way to the
output, albeit at a much lower
amplitude than the audio signal.
The clock frequency never falls
below 38.4kHz so it will not be
audible. The problem is that as the
harmonic or noise frequency
components of the input signal
approach half the clock frequency,

BUYLINES

the lower sideband of the clock
frequency will become audible.
For example, if noise components
in the range 10kHz to 40kHz are
Fresent at the input to the BBD
ine, they will mix with the clock
signal to produce sum and
difference signals. The difference
signals will be in the range 1.6kHz

The %" jack sockets used in the pro-
totype are made by Cliff and are
designed for PCB mounting. They are
not reaidly available in small quantities
but their pin spacing is the same as
that of Clifi’s panel mounting %’ jack
sockets which are available from Elec-
trovalue. The panel mounting type have
solder tags with eyelets rather than
pins, but it is a simple matter to cut
away one side of the eyelet so as to
leave a pin narrow enough to suit the
holes in the PCB. Other makes of
jacket socket available from other
suppliers may also be suitable if so
modified but we have not tried this.
The potentiometers used are also
supplied by Electrovalue and are from
their P20 range. RS Components stock
a suitable switch {(catalogue number
339-241) and a 15mm button for it
(catalogue number 339-279 for a pack of

three) but they do not stock a shroud
as used on the prototype. A switch
with a shroud is available from Elec-
tromatch for £4.15 including post and
packing. The part numbers are
MPA106D for the switch, C23 for the
button and G13 for the shroud and you
can contact them on 0403 - 814111 to
obtain up-to-date ordering informa-
tion. The box is made by %TC and is
type number 73399B. It costs £1.97
plus VAT but inclusive of post and
packing from STC Electronic Services
Ltd, Edinburgh Way, Harlow, Essex
CM20 2DF. All of the other compo-
nents are available from our regular
advertisers except the TDA1697 which
ou can obtain from Cricklewood (It's
isted in their catalogue even if it isn’t
in their advertisement). The PCB will
be available from our PCB Service.
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to 28.4kHz. Trying to filter out
these difference signals is
obviously impractical, since doing
so would also get rid of most of
the audio signal.

The solution is to put a low-
pass filter immediately before the
input to the BBD line, with a cut-
off frequency of around 6kHz. In
this way, difference signals can
only be produced above 32kHz,
and a similar low-pass filter on the
output of the BBD line effectively
gets rid of those.

A cut-off frequency of 6kHz
may seem a bit brutal, but the
chorus effect ceases to be audible
above this, and in any event, only
the delayed portion is so affected:
the undelayed signal is not
filtered. The filters in this design
have an actual cut-off of 6.2kHz
and a slope of —20db/octave. In
addition, pre-emphasis on the
input and de-emphasis on the
output endow this unit with a
good noise performance.

In order to achieve adequate
chorus effects, the delay time
must vary steadily rather than
being constant. This is made
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PROJECT: Chorus

PARTS LIST
RESISTORS C11,14 4u7 40V radial
R1,2,5,38,44,45 47k electrolytic
R3/ 1 3/ 16/ 27/ 28 10k C12 220n polyester
R4, 39, 40 470k 21 1n0 polystyrene
g;" g:';"' 19, 24, 100k C23, 24 4u7 16v tantalum
(4
R7, 18, 30, 34,36 22k €25, 26 100n polyester
R9 33k _
R10, 21 62k SEMICONDUCTORS
R11,12,14,22  3k3 IC1 78105
R15, 23 2k7 1C2, 3 TLO74
R20, 43 91k 1C4 TDA1097
R26 120k 1C5 4046
R29 82k 1C6 TLO82
R31 470R w1 BF244A
R32, 41 15k Q2,4 ZT7500
L. R35 150k 3 ZTX300
R37 18k D1, 2 1N4148
R42 12k LED1 miniature red LED
R46 3k9 with mounting
bezel
RV1,5 10k linear MISCELLANEOUS
potentiometer SK1 3.5mm miniature
RV2 2M2 linear jack socket, PC
potentiometer mounting, with
RV3 220k horizontal switch
skeleton preset SK2 %" stereo jacket
RV4 22k horizontal socket, PC
skeleton preset mounting
RV6 100k horizontal SK3 %' mono jack
skeleton preset socket, P
RV7 100k linear mounting, with
pontentiometer switch
CAPACITORS SK4 %’ mono jack
. socket, P
C1,2,3,15, 19,20, 10u 16V radial t‘
22° electrolytic mounting
. Sw1 SPDT aiternate
G4 1u0 63V radial action push switch,
electrolytic panel mounting
(o] 2n2 polyester PCB; case; knobs, 4 off; battery con-
C6,7,16,17 1n8 polyester nector; %” (20mm) high pillars, 2 off
C8, 18 22n polyester snd. sc;ev;rs (f)fr:ol_ts todit; 1IC s?fck:ts_if
9,13 150p polystyrene esire o pin and one off 16 pin
D1L; thin foam rubber; 9V battery, PP3
(&0 56p polystyrene or similar.

possible by a sweep facility which
repeatedly swings the delay
period from its maximum to its
minimum and back again. The
sweep rate can be varied from
once every ten seconds to
ten times a second, and the width
of the sweep is continuously
variable from full sweeps between
the limits of 7ms and 20ms delay
and no sweep at all (ie, a constant
delay period). In the latter
condition, the delay period can be
manually set to permit the ‘plate’
effects described earlier. Further
versatility is ?\rovided by a Mix
control which allows the delayed
and undelayed signals to be mixed
in an_{)rroportions. This makes it
possible, for example, to use the
full amount of sweep but still
achieve a very subtle effect.
Power to the unit is provided
by a PP3 size battery (preferably
alkaline), and a socket allows
connection to an external supply.
The unit is switched on by
inserting a mono jack plug into the
input socket, and Effect or Bypass
mode is selected by the built-in
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footswitch or by a remote switch
connected to the REM socket. An
LED indicates when the unitis in
Effect mode.

Construction

Commence assembly by
installing the wire link, the four
jack sockets, and if desired,
sockets for ICs 4, 5 and 6. Sockets
cannot be used for ICs 2 and 3 or
they will interfere with the
potentiometers when the unit is
assembled. The jack sockets must

be of the recommended type if
they are to fit correctly into the
prepared holes in the PCB.

Continue assembly by
soldering into place the resistors,
capacitors, and presets, taking care
that the capacitors near the
connector end of the board are
mounted flat so as to clear the
potentiometers. Next fit the
diodes, transistors, and ICs 1, 2
and 3. Cut to length three pieces
of ordinary insulated connecting
wire, and solder them between
the points shown on the PCB
overlay, then fit the two battery-
guide pillars and the battery
connector. Connect the four
potentiometers, R28 and the LED
to the PCB using insulated wire.
Lastly, fit ICs 4, 5 and 6. The board
can now be tested.

An oscilloscope is essential if
the chorus unit is to be accurately
set up, so if you don’t own one you
will have to borrow or otherwise
acquire one before proceeding
further.

Connect the oscilloscope input
to IC5 pin 2 and check that a
square wave signal is present with
an amplitude of about 5V peak-to-
peak. Turn the Width and Manual
controls fully anti-clockwise and
adjust RV6 until the frequency of
the square wave is about 38.4
kHz. Turn the Manual control fully
clockwise and check that the
frequency rises to about 109 kHz.
If either of these frequencies are
outside the range of adﬂ'ustment of
RV, try altering the value of R43.

Connect the oscilloscope input
to 1C6 pin 7 and check that a
triangular waveform is present
with an amplitude of about 2V
peak-to-peak. Rotate the Rate
control (RV2) and check that the
frequency varies from about 0.1Hz
when it is fully anti-clockwise to
10Hz when it is fully clockwise.
Move the oscilloscope probes to
IC3 pin 14 and check that the
waveform present is similar to that
shown in Fig. 3. Make any

=18V ———

AMPLITUDE (V)

a
e
i
&
<
|

FREQUENCY SET BY RATE CONTROL

TIME

Fig. 3 The sweep generator ouput waveform, as measured at 1C3 pin 14. b
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PROJECT: Chorus
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Fig. 4 Drilling details for the case, shown here at its actual size.

necessary adjustments, using RV3
to set the amplitude and RV4 to
alter the offset.

Return the oscilloscope
connections to IC5 pin 2 and set
the Width control fully clockwise
and the Rate control fully anti-
clockwise. The frequency of the
signal should be slowly changing
between the previously-set limits
of 38.4 kHz and 109 kHz. Carry
out any fine tuning required using
RV3 and RV4 and the setting up is
complete.

If you want a particularly
compact unit it is best to use the
recommended box, but if you are
unable to find the correct type or
for any other reason wish to use a
different box, choose one that is
slightly larger than our prototype
so as to avoid cramping the
components.

Refer to Fig. 4 and drill the
necessary holes as accurately as
possible. Take particular care with
the holes for the switch and the
sockets since these must line u
with the components on the PCB.
If you have any doubts about your
skills in this direction, try drilling
the holes a little smaller than is
required in the first instance, then
offer up the PCB to check that
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they coincide and make any
necessary adjustments with a small
file before enlarging the holes to
their final diameter.

When drilling is complete, rub
down the outside of the box with
glass paper to deburr the holes
and prepare the surface. Clean the
box thoroughly and then prime
and paint it allowing suitable
drying times. Loosely assemble the
potentiometers and knobs as a
guide and use rub-down lettering
to apply the legends. Remove the
fittings, lightly buff the surface to
remove any fingerprints, etc, then
apply a coat of clear varnish and
leave to dry.

Glue a piece of foam rubber
inside the box to prevent the
battery rattling around. Mount the
switch in position through the
appropriate hole in the case but
do not tighten the fixing nut.
Mount the potentiometers through
the top panel of the case. Place
fibre washers onto each of the
sockets on the PCB, then offer the
board up to the case, socket end
first. Loosely assemble the socket
securing nuts from the outside to
stop the board slipping back
through. Jiigle the switch and the
PCB until the switch pins appear
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through the holes in the board,
then solder them to the pads and
tighten the switch into position.
Complete the construction by
adding the switch cap, the knobs
and the base plate and tightening
the securing nuts on the sockets.
Don’t forget to install a battery!

Apply an input signal of about
TkHz at a few hundred millivolts
to SK2. Inserting the jack plug
should turn the unit on. Connect
up an oscilloscope so that you can
alternatively observe the input
signal and trne output signal from
SK4. Better still, if you have a dual-
beam oscilloscope use it to
monitor both at once. Press the
footswitch if necessary until the
Effect LED is off and check that the
output waveform closely
resembles the input waveform.
Press the switch again and the
output waveform should start to
subtly alter in shape. Operating
the various controls should
influence the nature and extent of
the alteration.

Having got the pretend stuff
out of the way, you can now plug
in a real instrument, hook the unit
up to an amplifier and get
chorused away!
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ENLARGER .
EXPOSURE METER

Bring a little light to your darkroom operations with this meter,
designed by Doug Bollen

espite fully automatic
D cameras and simplified
colour processes, many

amateur photographers still
perform prodigious feats of mental
arithmetic in dark places every
time they make some minor
adjustment to their enlarger. With
monochrome prints it is a fairly
simple matter to run off a test strip
in open dishes to assess exposure
before creating each finished

rint, and there is no colour

alance to bother about. A colour
test strip, on the other hand, can
take all of fifteen minutes to
produce, plus time to dry the
drum. It uses a disproportionate
amount of expensive colour
chemicals, and several colour test
strips may be needed to establish
correct exposure and colour
filtration for just one frame of a
film.

There is no substitute for
human evaluation in photography
but a good exposure meter can
reduce time and wastage of
materials by establishing a
reference point against which
differing enlarger magnifications
and film densities may be judged.
The ideal exposure meter would
have equal scale divisions which
are readable in complete
darkness, adjustment for a wide
range of photographic paper
sensitivities, good accuracy over
the entire visible spectrum, high
sensitivity to low light levels, no
dependence on temperature or
supply voItaFe, a very small light
sensitive cell area and, of course, a
very low cost.

Stop On Sight

It is in the nature of light
sensors that they stubbornly defy
attempts to achieve equal scale
divisions, even when using
moving-coil meters with specially
shaped poles. Another problem is
that light sensors tend to have a
wide tolerance, typically +=40%,

54

which makes conformity to a
precalibrated scale on a mass
produced instrument difficult. On
casual inspection it might be
thought that the requirement is for
a linear time scale, say 1-100
seconds, but that is not the case.
Exposure time and light intensity
on cameras and other
Bhotographic instrument scales
oth proceed in a geometric series
(because that is the way human
vision works) where each basic
division represents a doubling or
halving of time or light. Light itself
is not sO easy to measure because
a large number of variables have to
be allowed for. However, a unit
commonly employed to assess
relative light levels is the arbitrary
‘stop’ for which doubling a
reference exposure figure means
halving the light and is designated
+1, while halving the figure means

doubling the light and is said to be

—1. The overall accuracy of
camera plus film stock is seldom
better than 1/3 stop either way. An
exposure meter should at least
equal this Ferformance overa
substantial portion of its scale. In
Bractice, the exposure meter can

e conveniently calibrated in
seconds in stepsof 1,2, 4,8, 16
and so on and in equivalent stops,
say —4 to +4.

A popular type of low-cost
exposure meter circuit is shown in
Fig. 1, where the voltage output
from a Cadmium Squlgwide cell
(Light Dependent Resistor) and
load resistor, R, is compared with
the voltage at the slider of a
conveniently calibrated
potentiometer, RV. A comparative
reading is taken at null point'and
adjustments are made by varying
the enlarger lens aperture. This
technique neatly avoids the
need to calibrate the exposure

The prototype exposure meter
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LDR

LED

/y
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Fig. 1 Basic LDR bridge circuit.

meter, and adjustment of RV
merely caters for a range of light
intensities and paper speeds, but
the critical user may find it
limiting. This balanced bridge
configuration does offer potential
advantages, however. It is
insensitive to changes of supply
voltage, has good temperature
stability and, if RV is individually
calibrated for a particular CdS cell
the resulting scale is roughly
proportional to steps of 1 stop.
There is some cramping of the
scale at both ends of the pot track,
but the scale divisions are
symmetrical about track centre. As
a point of interest, if R in Fig. 1 is
replaced by a constant current
source then the scale bears a close
linear relationship to exposure
time.

Properly calibrated, the Fig. 1
circuit would have an accurate,
but fixed, FOt scale which takes no
account of differing photographic
paper sensitivities. A computer

piot was made of LDR voltage (Fig.
2) against R for measured cell
resistance corresponding to lens f-
stops. Doublinfg the R value
produces a shift of one stop
without changing the meter scale
span, so a variable resistor for R
will act as a paper sensitivity
control. The plot also shows that
the meter will cover 8 stops
without too much cramping of
extreme scale gradations, plus an
additional 4 stops with adjustment
of R. This is an arithmetic range of
1:4096 in light intensity.

Construction

The exposure meter is simple
enough for a photographer with a
limited knowledge of electronics
to build. The complete novice
should, however, study the art of
soldering, and pay particular
attention to the orientation of
polarised components (IC1, C1,
C2, C3, LED1, LED2 and B1). If any
of these are the wrong way round,
malfunction or disaster may
follow! Make sure that RV1 and
RV2 connections are correct or
calibrated scales may be reversed
(Figs. 4 and 5).

The PCB will fit inside a 3.5"
wide by 2" deep slotted box, but if
this size is not available, drill holes
at the corners of the PCB and bolt
to the bottom of any suitable box
with stand-off spaces and the LEDs
pointing straight up. The dial for
RV2 should be as large as
possible. Obtain a knob with a
screw-on skirt and replace the skirt
with a disc of perspex. A paper
disc should be temporarily placed
above the perspex to allow

-4 -3 -2 -1 0
1 2 4 8 16

+1 +2 +3 44 STOPS
32 © 64 128 256 SECONDS

- \\\\ A

RESISTANCE
382k

200k \ 193k

\ \ EXPOSURE
FAST
675k

PAPER
SPEED

100k

26.5k

N
\

sLow

levels and exposure times.

Vs

Vout —

Fig. 2 Graph of V,,, against R for basic bridge, related to paper speed, light
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claibration (Fig. 1). It can be
sandwiched between the perspex
and an aluminium disc for
protection after calibration.
Aluminium was also used for the
LED shield (Fig. 6). The knob

for RV1 can be a standard 0 - 10
component. The LDR is simply
glued inside a slim light-tight box
over a hole slightly smaller than
the LDR case.

Testing And Calibration

Assemble the instrument,
switch on and check that both
LEDs are working. Plug the LDR,
set RV2 to mid-track and point the
LDR towards a source of low light.
Adjust RV1 for balance. If
balance cannot be obtained, the
light level may be too high. Check
that RV2 is rotated anti-clockwise
to balance if there is a reduction in
light, and RV1 similarly clockwise.

Lightly glue a rectangle of white
card with a %" hole over the LDR
aperture (this can later be reduced
or increased if required). Place the
sensor on the enlarger baseboard,
set the head to mid height and the
lens to maximum aperture. Set
RV1 to 2. Now click stop the
lens down and trim RV1 slightly
to obtain a null. Mark the RV2
setting with a soft pencil and the
figure zero. Without touching
RV1, click stop the lens up and
down and balance with RV2. At
each balance point mark the paper
disc. You should now have part of
the scale marked. Return RV2 to
mid-position zero and adjust head
height and click stops to gill in the
remainder of the scale (leaving
RV1 where it is). Slight errors will
occur where there is overlap with
previous dial markings. Average
these errors out over several
successive settings and different
overlaps. It should be possible at
this stage to detect if a particular
lens f-stop deviates from true. If
errors greater than 1/3 stop are
encountered, or if best accuracy is
required, the exposure meter can
now be double checked with a
camera lens.

You'll need a camera with
manual override and a means of
holding the shutter open (‘B’ or
‘bulb’ setting). Tape the LDR box
in the film plane with the sensor
aperture central. Place the camera
on the enlarger base board with
the lens up and the focus on
near. Use a piece of plain white
paper to cover the lens. Do not
strain the open camera back.
Adjust camera f-stop, enlarger ’
magnification and click-stop for
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nul! with RV2 at mid-point zero.
Now vary the camera f-stop to
check RV2 calibration.

When satisfied that the paper
dial is accurately calibrated in
stops —4 to +4 for the CdS cell
you are using, it only remains to
make an ink copy and interpolate
intermediate settings from Table 1.

Using The Meter

There are many ways of using
an enlarger exposure meter but
only one will be described here:
‘pegging the mid-tone’. After
obtaining a test strip of a reference
negative or transparency and
deciding on the correct exposure
for a given magnification and
aperture — say, 16 seconds at stop
0 — measure the blackest and
whitest areas of a new subjectin
stops and determine the mid-
point. For example, a transparency
may give +2 and —3 so the mid-
point would be —0.5, which gives
an exposure time of 16s x 27%% or
16sv/2, which equals 11.3s. Notice
that the arithmetic mean, (16s x 22
+ 16sx27%)/2 = 33s, is hopelessly
wrong,

Don’t forget to allow for
reciprocity failure (decrease of
paper sensitivity) when making
very long exposures at high
magnifications or through very
dense negatives. The correction is
typically (x1.5) at 40s (x2.3) at
100s and (x3.5) at 200s.

HOW IT WORKS

R2
LDR 47k
ORP12

Fig. 3 Full circuit of exposure meter.

The circuit of Fig. 3 is the result of
refinements made to the rudimentary
LDR bridge circuit. RV1 is now the vari-
able load resistor for the LDR. High
input resistance op-amp buffers 1C1a
and IC1b ensure that there is neg-
ligible loading of either the LDR or
calibrated pot RV2 when taking
measurements. C1 and C2 filter out
unwanted mains ripple. The purpose of
R1 and R2 is to recﬁxce the input level
to 1C1a and IC1b to prevent “bottom-
ing” of amp outputs. IClc acts as a
simple comparator controlling the
brilliance of red and yellow leds, LED1
and 2. At null point the overall light
output changes from red to yellow, or
visa versa, thus providing continuous
‘off baseboard’ illumination for RV1
and RV2 scales. When the battery
voltage falls to about 6V the yellow led
will extinguish to indicate battery low.
The circuit of fig. 3 is virtually unaffec-
ted by battery voltage and so needs no

regulator. The overall temperature
coefficient of the circuit, includin
LDR, is +1/4 stop for a 10°C rise an
maximum  sensitivity has  been
estimated at around 0.1 lux. Depend-
ing on the light source efficiency of the
enlarger used, CdS cell aperture can be
fixed between 4 to 10 mm dia.

Any reasonable quality enlarger
lens, or camera lens, can be used as a
calibration source for the exposure
meter, as will be outlined later. The
enlarger exposure meter is perfectly
suitable for spot measurements from
black and white negatives and
integrated measurements (through a

-diffuser) of ‘average subject’ colour

shots. Spot measurements of coloured
areas can also be made, but this
requires some expertise, and three
readings for each spot measurement
through primary colour filters to
achieve a meaningful result.

STOPS SECONDS
—3.75 1.2
—3.5 1.4
—3.25 1.7
—2.75 2.4
—2.5 2.8
-2.25 3.4
-2 4
-1.75 4.8
—1.5 5.6
—1.25 6.8
—0.75 9.6
—0.5 11.2
—0.25 13.6
0 16
+0.25 19.2
+0.5 22.4
+0.75 27.2
+1 32
i: '§5 igg (Note: timescale can be
+1.75 54.4 shifted relative to stop
+2 6a scale to suit
+2.25 76 application.)
+2.5 90
+2.75 100
+3 128
+3.25 153
+3.5 180
2.75 217
+4 256
Table 1. Stops related
to exposure times.

______PARTS LIST
RESISTORS (all 1/4W, 10%)
R1,2 aK7
R3,5 100k
R4 47k
R6,7 470R
RV1 500k lin
RV2 10k lin
CAPACITORS
(&} 10u16V
electrolytic

C2 110 25V tantalum
bead

c 47u 16V
electrolytic

SEMICONDUCTORS

1C1 TLO84

LED1 0.2"” Red

LED2 0.2" Yellow

LDR ORP12

MISCELLANEOUS

PL1,SK1 3mm Jack

B1 PP6

SW1 miniature on/off

PCB, connecting wire, PCB pins,
spacers, battery clip, knobs, boxes,
perspex, paper and aluminium discs to
suit box (see text for details), small
piece of aluminium, 14-pin DIL socket.

@® VEROPINS

Fig. 4 Component overlay
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PROJECT: Exposure Meter

FILE CURVE
TO RV1DIAL
RADIUS

SELF-TAPPING
SCREW

FILE CURVE
TO RV2DIAL
RADIUS

RV1DIAL

PERSPEX DIAL

Fig. 6 Light shield.

Fig. 7 Specimen scale.

ETI

TF600
BercnPrnable: large 8 agt L E.D. display; Frequency range SHz o
600MHz; Resolution 0.1Hz: Senstivity 10mV rms; Timebase accuracy
2ppm. Battery or mains. Complete with mains adapior

TF200

Bench/Portable. 8-digit Liquid Crystal Display. Frequency range
10Hz-200MHz. Resolution better than 1ppm;: Sensitivity typrcally 10mv
rms. Timebase accuracy 03ppm. Battery ife 200 hours. Fr

time average penod. totaiize & reset: 2 ranges. 5 gate times External
clock taciity Complete with batteries

TF040

Bench/Portable 8-digit Liquid Crystal Display, Frequéncy range
10Hz-40MHz. Resolution 1Hz. Sensitivity 40mV rms: Tmebase
accuracy 05ppm. Battery life 80 hours. Frequency. totalize and reset

2 gate times. Complete with battenies

PFM200A

Pocket size 8-adigt L E D display Frequency range 20Hz-200MHz
Resolution 0 1Hz. Sensitivity typically 10mV rms Timebase accuracy
2ppm. Battery life 10 hours. Frequency. 2 ranges. 4 gate times
TP600 PRESCALER

Frequency range 40MHZz-600MHz. Sensitivity 10mV rms. Powered
direct by TF200 or TF040 (leads supplied)

TP1000 PRESCALER

Frequency range 100MHZz-1000MHz. Sensitivity 25mV rms. Will extend
TF200 and PFM200A capabiity beyond 1GHz

For further information contact

Thandar Electronics Lid London Road St lves Huntingdon Cambs PE17 d4HJ
Telephone (0480) 64646 Telex 32250

% thandar

ELECTRONICS LIMITED
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CYMBAL SYNTH

Beat your own drum with this status cymbal. Electronic noises
off, and on, by D. Stone.

ver the years, ETI has
O published a number of
drum and cymbal synthe-

sizers, ranging from the ultra-
sophisticated to the ultra-simple.
This one, being a two chip affair,
has the virtues of simplicity but is
sufficiently adapable to provide a
useful adjunct to any drum-Kkit.
With a tunable noise output and a
variable decay rate, the circuit
could even be built into several
units to form a more-or-less
complete drum and cymbal kit —
although, in all fairness, you'd be
severely restricted as far as bass
effects and ‘touch sensitivity’ go.
The unit does allow pure white
noise to be fed to the envelope
generator, which means it can be
used for gun-shots and similar
effects. A degree of touch
sensitivity is incorporated.

The prototype was built for live
stage work, where it has proved
very useful and rugged. If
toughness is not a major criterion,
the circuit could be built into any
suitably sized and resonant
container. The home or studio
recordist could make good use of
it as a crash cymbal or snare-type
drum.

Construction

The construction of the unit is
straightforward if the
recommended PCB is used. The
assembly should follow the usual
format of passive components
first, followed by the semi-
conductors and Integrated
Circuits. The use of IC Sockets is
recommended to prevent damage
to the chips by overheating and to
ease the removal of chips should
this become necessary. The
microphone was fitted to the
circuit board near IC1 in the
prototype with double sided sticky
fixing pads.

The prototype unit was housed
inside an 8” Tambour. The
Tambour has a removable drum
skin which allows easy changing of
the battery. Tambours can be
bought from any good music shop.
A base was fitted to the Tambour
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HOW IT WORKS

The circuit associated with Q1 is the
white noise generator, amplifying the
noise produced in the diode D1 as a
result of reverse leakage current. A
germanium diode is used as the
leakage current is higher than that of
silicon for a given voltage, producing a
higher noise signal level. This amplified
signal is coupled by capacitor C1 to a
further amplifying stage built around
the op-amp, 1C1a.

IC1b is a constant bandwidth,
bandpass filter. The filter centre fre-
quency is set by the dual-ganged
potentiometer, RV1. This is a classic
second order bandpass filter of the
multiple-feedback tuned type, which
turns the white noise into variable fre-
quency range noise. SW2 is to choose
either the filtered noise or the
unfiltered white noise. The filtered
noise is — inaccurately — described as
pink.

The voltage controlled amplifier
(VCA) is built around the 3080t
transconductance op-amp, 1C2. Out-
put current is a function of the control
current fed to pin 5 of the package and
the difference in voltage between the
two input pins. The output current of
the device is converted into a signal
voltage by R27 and the signal is
capacitively coupled to the output by
C13.

The signal from the microphone is
first amplified by Q2 and then fed to a
pulse amplifier built around IC1c. This

PARTS

RESISTORS (all 1/3W, 5%)

R1,22 47k

R2,13,14 4ak7

R3,12,17,21 1k0

R4,9 3k3

R6,7,10 270k

R11,25 470R

R15,18,19,20 100k

R16 390k

R23 39k

R24 220R

R26,27 10k

RV1 100k dual ganged
log pot

RV2 47k lin pot

CAPACITORS

C1,12 10 25V axial
mounting
electrolytic

C2,5,7,9,13 100n metallised
polyester

c3,4 4701 10V PCB
mounting
electrolytic

section inverts the signal and amplifies
it to give a negative going pulse at its
output whenever a sound is picked up.
The duration for which the pulse
remains negative depends, to some
extent, on the volume of the input
signal to the mic. This gives some
sensitivity to the impact of a beat. The
negative going pulse is fed to Q3

which, with C12 and its associated cir-

cuit, forms a simple envelope
generator,

When the pulse is received by Q3,
the transistor turns on. C12 charges up
rapidly through the transistor, D2 and
R25, giving the fast attack which is
characteristic of a drum. The transistor
then turns off and C12 discharges
through R25, RV2, D3 and R21. This
gives a variable decay, considerably
slower than the attack. The voltage is
converted into a current by R26 and
fed to pin 5 of 1C2, the VCA.

Cé provides necessary supply
capacity to eliminate any power thump
which may find its way into the circuit
when the drum is struck. C7 provides
high frequency supply decoupling. A
false signal earth is supplied in the
form of a decoupled 4-5V rail. This rail
is formed by C3,C4,R4 and RS, and
eliminates the need for a two battery
split rail supply.

There is a spare op-amp on IC1 avail-
able, should any adventurous construc-
tor feel the need to expand the unit in
some way.

LIST

Cé 22004 16V axial
electrolytic

ts 10n metallised
polyester

C10,11 47n metallised
polyester

SEMICONDUCTORS

D1 0OA91

D2,D3 1N4148

Q1 BC108C

Q2 BC109C

Q3 BC179C

1C1 LM324

1C2 LM3080E

MISCELLANEOUS

MIC1 Condenser Mic
Insert

SW1 On/off switch

SW2 1-p 2-w switch

14 and 8_Pin DIL sockets %” jack
socket, knobs, wire, 6BA hardware,
casing, PP6 or PP3 battery and clips,
PCB and PCB pins.
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ci3
100n
A ouTPUT
R3 e a7k
1k0§ §270k 7 I >
+
R4 *lcs +
D1 *3 = 470u =2
—HH @ D B1
c2 HiE 10 —
100n ¢ J
+4V5 cetl, oL
4 2200u =T~ 1000°T"
I NDTE:
cs Rl A
470R IC1=LM324
mic1 oon 1C2 = 3080E
a1 - Be108c gfa tles
4 = BC109! - 470
§?770k §§33 §§u7 Q3 =BC179C [ 470
D1=0A91
D2,3= 1N4148
A2 S22
u
47k T oy

Fig. 1 Circuit diagram of the crash cymbal.

The PCB fits neatly inside a tambour case.

with white modellers’ 'Plasticard’.
The whole unit was then sprayed
with enamel paint and labelled
with rub down letters. As an
alternative housing, for a number
of these units, matching two litre
ice-cream cartons could be used,
and give a’space-age’ effect when
painted in suitably futuristic hues.
Mounting the units in playing
positions is left to the reader.

BATTERY +VE

{VIA sw1) TO RV 1a{W) TD Sw2(a)

TO RV1b{AC)

TO RVia(AC) TO sw2(C)

TO SW2(b} | TO RV1b{W)

BATTERY —-VE
MiIC1

Fig. 2 Component overlay of the crash cymbal.

RIS

—
TO Rv2
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THE SECOND LINE
OF DEFENCE

Vivian Capel concludes his reflections on domestic security
with a design for an alarm system which represents a radical
departure from most current thinking — it’s simple and

effective and there’s not an IC to be seen.

experience and developed

through six models over
several years. It was originally
inspired by an unwelcome
visitation, after which — following
the time-honoured practice of
bolting the stable door agter the
horse had fled — the designer
went to purchase a commercial
system, only to discover snags in
all the alarms then on offer.

The considerations that went
into the design were all dealt with.
The upshot was to go fora
battery-operated device with a
low current drain in the on-guard
or stand-by mode and a moderate
current drain when the alarm was
sounding. For reasons that have
already been well-rehearsed in
" these pages, the designer settled
for a conventional loop circuit
(perimeter) device in which the
loop would consist of a number of
magnetic door and window
switches wired in series.

T his alarm system was born of

Defensive Postures

The current requirement is met
in the alarm. In some systems,
currents of several milliamps are
common. In this circuit, the ‘stand-
by current is around 0.1mA and
the batteries, two 996 lantern
units in series, with chocolate
block connectors screwed on to
the straightened end of the
terminals for wiring up, can last up
to two years with the alarm set
every night.

The main circuit contains only
one active component — a BC108
transistor. This configuration was
arrived at after much pruning of an
original, considerably more
complicated, circuit. The object
was to increase reliability without
sacrificing any required feature or
diminishing performance.

60

The circuit includes a facility for
pressure pads to be placed at
strategic points around the
premises. These are normally open
devices, so they cannot be
included in the loop which triggers
the alarm by being broken. As with
most similar systems, the pressure
pads are included in a separate
circuit and are, therefore, optional.

The problem of leaving
premises which have been armed
is overcome in this circuit by
means of a large-value capacitor
fitted across the section of the
loop which covers the entrance. This
will give a delay of about eight
seconds after tKe door is opened,
and once the alarm has been set,
before the bell is triggered.
Obviously, this delay will operate
on entry as well as exit and the
alarm simply resets itself when the
door is closed. This is useful to

allow people out and in without
the alarm going off, but might just
allow a lucky or carefree burglar to
stroll through the door with
impunity. The obvious solution is
probably the best: insert a key-
switch in series with the dela
capacitor and located in the front
door. this should defeat all but the
most determined burglar. The key-
switch will take the capacitor out
of circuit, thus removing the delay.

The alarm also features a panic-
button facility, useful in case of
attack in the home or for the
elderly or infirm.

After considerable research
and testing, the Tann Synchrome
B6D12 bell was found to be the
most suitable available. Current
consumption averages out at
95mA, which gives a total
consumption for two bells in

R3
330R°

—0 +12Vv

sl

030 35t 2

SW3c - TEST
ON
OFF 514
TEST . swad
>
15 13
I (I
PRESSURE PADS ON
- i(opEN) NOTE:
= Q1.2,3=BC108
) D1 = 1N4001
l l l I PANIC
T | oo

Fig. 1 Circuit diagram of the alarm. Look, no ICs. ..
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PROJECT

parallel of less than a torch bulb.
The sound output is very high —
about 88dB at 3m. Of course, any
12V bell or siren of suitably low
current consumption and high
sound output may be used in this
application. RS stock a number,
including an own-brand bell which
is specified at 80mA and 88dB at
3m (RS 249-637) and a useful low
current siren which is specified at
20mA and 107dB at Tm (RS 249-
924). Maplin also stock a 12V bell
(YK 85G) with a claimed current
consumgtion of only 60mA.
Remember that the 3m output
figure is always 10dB less than the
1m figure. RS components can be
ordered through any dealer with
an account or through Crewe-Allen
Ltd., whose address is given in
Buylines. A good guide to bell or
siren quality is British Standard BS
5839: ‘Fire detection and alarm
systems in buildings’. You should
not have to pay much more than
£12 for any suitable bell or siren.

False Alarms

Safeguards against false alarms
are designed in to the circuit, and,
in that respect, it is deceptively
simple. One common problem
with perimeter loops is that they
can act as untuned aerials picking
up all manner of signals which
might be rectified by the
semiconductor input and trigger it.
Two byﬂass capacitors are wired
across the base-emitter junction of

the main circuit transistor, one a
largish value for lower frequency RF
and one a small, non-inductive
type for hi%her frequencies. This

ives a hig dec%ree of immunity
rom unwanted signals.

Another capacitor wired across
the main loop itself gives a slight
delay when the alarm is triggered
by a break in the loop. Wit%\ the
stated value (100uF) this amounts
to 0.8 seconds, enough to ensure
that temporary breaks in the
circuit — caused, for example, by
the wind or by rattling doors
moving magnets and their
corresponding reed switches apart
— do not trigger the alarm.

Components And
Construction

The specified reed relay and
key switches were all obtained
from RS and are listed as such in
the parts list. Flush contact and
surface mounting reeds for alarm
applications are also obtainable
through Maplin (FK77), £1.35, and
YW478B, £1.95, respectively). Door
loops (YW48C, £2.39), window
foil (YW5O0E, £1.19), foil
terminators (YM51, 65p), pressure
mats (YB91Y, £3.55) and stair
pressure mats (FK79L, £2.25) are
also available from Maplin. In fact,
Maplin will supply almost all the
hardware you require, including
panic buttons, heat detectors,
vibration sensors and junction
boxes.

HOW IT WORKS

The specified relay is an
encapsulated DIP double pole
type, dimensions 26x14x10mm,
coil voltage 3.7-7.5V, coil
resistance 375R and contact
ratings 0.5A at 200V dc. Itincludes
an ingtegral protection diode, RS
349-428 or Farnell 103-590 are
suitable (the Farnell devices are
Hamlin HEB22A5032 types), for
around £3. Other relays could be
used, but this will probably require
adjusting the PCB layout and,
perhaps, the series resistor. A
separate protection diode may
also be necessary.

A suitable key switch for delay
by-pass should be eas(il available,
since all that's required is an on-off
device. However, if you want a key
switch for the main unit, you will
have to use a key switch
mechanism and a pair of two-pole,
six-way wafers. The key switch
mechanism has 60° indexing and
so skips every other contact on the
wafers. The mechanisms and
wafers are available from RS (339-
651 and 327-771) or Farnell (147-
143 and 146-035) at a total cost of
around £6 or £7. Because of the
skipping of contacts, numbers 1, 3
and 5 are used while 2, 4 and 6 are
left blank. The mechanisms can be
set to stop at position 5, giving the
three needed positions. A cheaper
but less secure alternative is to use
an ordinaty 4-pole 3-way switch.

Construction is easy, there
being few components. All of

The base of Q3 is tied to the emitter by
the two loops, and is non-conductive in
the stand-by mode. The only current
passing in this condition is through R1,
the 120k base resistor, which across
12 volts is 0.1mA. C4 and C5 are the RF
bypass capacitors.

SW3d connects Q3 emitter to the
negative rail when the alarm is on. If
the main loop is opened, C1 starts to
charge through R1 and takes 0.8
seconds. The base becomes positive
and Q3 turns on, energizing the relay,
RL1, in its collector circuit. One pole of
the relay switch connects the bottom
end of the relay coil to the negative
supply through SW3c, thus latching it
on and cutting out Q3. The other pole
switches the supply to the bells
through SW3a and SW3b.

When the delay loop is opened, the
same action occurs but C2 charges,
and being ten times the value of C1,
takes 8 seconds to do so. If the loop is
closed within this time it discharges C2
(through R6, for current limiting)
which will start to charge again with
any re-opening of the daly loop. SW1 is
a normally-closed test button in series
with the loops. Pressing it gives
immediate triggering. SW2 switches

C2 out of the circuit, thus avoiding the
delay.

The open circuit which serves the
normally-open pressure mats and
panic buttons, connects the relay bot-
tom end to the negative supply, thus
energising it directly. In the event of
Q3 failing and not triggering when an
intruder enters, the pressure mats and
panic buttons would still be on guard.

SW3c¢, which at first glance seems
unnecessary, serves to delatch the
relay when switching between posi-
tions, since the switch must be break-
before-make. Without this there would
be no way of switching off after the
test button has been used without
turning the circuit off.

In the test position, SW3a and b
place the two bells in series with an
LED and current limiting resistor R4.
On triggering the circuit with the test
button, the LED will light only if both
bells and their wiring are continuous.
The current is insufficient to sound
them. As the relay, switching, and Q3
must also be in order to light the LED, it
will not light before the button is pressed,
so the loop, too is tested. Only pressure
mats and panic buttons are not chec-
ked this way.

Q1 and Q2 are connected as a
darlington pair across the relay coil
and Q3 base-emitter junction via one
pole of the relay switch. The relay is
switched at 6 volts, obtained from the
12V supply via R3 which forms a
potential divider with the relay coil
(375r). When the relay is first ener-
gized, Q1 and Q2 do not conduct
and have no effect. However, C3 starts
to charge slowly through R2. When the
voltage across it rises, D1 is biased on,
the transistors begin to conduct and
shunt the relay coil reducing the
voltage across it. When the voltage
drops to about 2V, the relay delatches,
switching off the bells. The darlington
pair are also disconnected from the
negative supply, and this causes C3 to
discharge quite rapidly into the base
circuit of Q1.

The circuit is now reset and ready for
any further action. If the loop is still
open triggering will be almost
immediate, so the bells will continue to
ring. Time for the bells to switch off is
about 10 minutes. If a shorter or longer
time is required the value of C3 should
be decreased or increased accordingly.

1p
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Fig. 2 Component overlay of the alarm. Note the pin-out of RL1.

them go.on the PCB except the
loop and panic switches, LED and
test button. Connections are made
using PCB terminal strips.

Operation

After installation, shut all
controlled doors and windows and
turn all shunt switches to the open
position. Turn the switch to ‘test’.
The LED should not light up. If it
does, the loop is not
continuous,.Check and correct.
Once the LED does not Iight up,
leave the switch on ‘test’ and press
the ‘test’ button. This gives a silent
test of the bells. The LED should
light on this test to show that the
bell circuits are coninuous.

— PARTS LIST

—
RESISTORS (all %4 W 5%, unless stated)
R1 120k
R2 6M8
R3, R4 330R (aW)
RS, R6 100R
CAPACITORS
C1 1004 25V radial
C2 10004 25V radial
a 680u 25V radial
c4 47n
(653 200p
SEMICONDUCTORS
Q1,Q2, Q3 BC108
D1 TN4001

MISCELLANEOUS (see text)

SW1 normally closed push-button
switch

SW2 key switch

SW3 4-pole, 3-way rotary switch or key
switch (see text)

RL1 double-pole DIP reed relay (see
text)

Two 12V low-power bells or sirens, 4
off 4-way

PC terminal blocks, case, PCB, bell
pushes, pressure pads, flush or surface
mounted magnetic switches and con-
necting wire as required.

B'JYLINES

The problem components are all
discussed in the text at some length.
The addresses of the suppliers men-
tioned there are:

RS Components, PO Box 99, Corby,
Northants, NN17 9RS (0536 201234)
Farnell Electronic Components, Canal
Road, Leeds 1512 2TU (0532 636311)
Maplin Electronic Supplies, PO Box 3,
Rayleigh, Essex, S$S6 8LR (0702
552911).

Maplin sell to individuals and they
have a number of shops whose
addresses are given on the Maplin ad
in this issue. RS and Farnell components
should be obtainable through any
supplier who maintains an account
with these companies. RS components
are also available on order from Crewe-
Allen, 51 Scrutton St., London EC2.

ETIZ
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DIGITAL SOUND
SAMPLER

In the latest episode of this everyday story of sample folk, Paul
Chappell looks into the techmque we'll be using to convert

sound into numbers.

he first stage in designing
T any digital sound sampler is

to determine how to do the
analogue-to-digital conversion. For
all the reasons rehearsed in ETI,
September 1985, we've decided
to use a companding A-to-D
converter. This will give us
effective 12-bit resolution in an 8-
bit system ood enough for the
quality reproc? ction of sampled
sounds. Last month’s article, ‘The
Sample Life’, goes into some of the
finer theoretical points of the
companding A-D converter, so |
won’t repeat them here.

The conversion circuit looks a
bit complicated (Fig. 1) and you
will note that it uses a companding
D-A converter, the Am6070 or
DAC88. Why didn’t we use a -
single IC? The answer, my friends,

have to make our own from the
DAC and a few other ICs.

Conventional Conversion

The circuit is not particularly
revolutionary. To tell you the truth,
| pinched it stralght from a data
sheet since | can’t see any wa
improve it. The only change | rmave
made is to specify a precision
comparator in place of the 311
type suggested in the data. In
normal (non-companding) A-to-D
conversion, the only results of
comparator offset voltage would
be to shift the DC level of the
converted signal by a few tens of
mV and to cause the onset of
clippin%to occur maginally earlier
than otherwise. Nothing to worry

is that nobody makes one, so we about.
*8V  sERiAL
© DATA
16[ out
START 10 Vee
o > q
cLOCK 9
Oo— D>
R1
2k5 [[of'}
ANALOGUE s
IN > D
a2 +5V MsB LSB cc
2k5 bt g g bed 0 B R R 28
14)1]4 3
5 2 CONVERSION
el D ’ COMPLETE
Ic3:
2 -0
‘o)
b 5
~O | PARALLEL
NOTE: O { DATA OUT
IC1 = CMPO1 O
iC2 = 7486 +15V =
IC3 <7474 o
1C4 = Am2502
Coglinen s 18 2|3la|s|6]|7]8|s ®
1[ = Vdd 859239385 18k
T et 70 5T Varr ) f{MAAD—O Vigr +10V
Ioet*! 15 I 1 Rert M1
L] P 8275 Vrer!-!
OE'™ _vgg o0 12 ra
wl e[F9] 2k
—15V Poa i
Fig. 1 Circuit diagram of the companding A-to-D converter.

__HOW IT WORKS ___

The SAR, IC4, is a general purpose
register for A-D conversion and does
not make any special provision for sign
and magnitude representation, so a
little extra circuitry is needed to use it
to set the sign bit correctly. Conversion
begins when a logic 0 is applied to
START, IC4 pin 10. The SAR sets its
outputs to 01111111 for the first trial
on the next rising edge of the clock. At
the same time, the Q output of 1C3a,
half a 7474, is set to 0 (because
CONVERSION COMPLETE will be low
after the previous conversion cycle and
will not go high until the clock falls
again).

The low on the 1C3a, pin 5, sets the
ENCODE/DECODE (E/D) input of the
converter, 1C5, pin 1, to ‘decode’, cut-
ting off any current to the encode
outputs [0t(+) and loe-) (IC5, pins 14
and 15). This means that the com-
parator, 1C1, is comparing the input
voltage directly with ground (via R1)
and will switch high if the input is posi-
tive and low if it is negative. If you work
through the logic levels on the
EXCLUSIVE OR gates — IC2a and 1C2b
— youll see that this is passed
unchanged to the input of the SAR,
IC4 pin7.

The next time the clock goes high,
this value is clocked into the MSB posi-
tion of the SAR (1C4 pin 14), giving the
correct sign bit. At the same time the
next bit is set to 0 for the first voltage
level trial. The 7474 will also change
state because CONVERSION COM-
PLETE, 1C4 pin 2, will have gone high.
The encode outputs will now be
allowed to pass a current as the D-A
conversion takes place, and the con-
version continues as described.

One slight complication is that if
the input voltage is negative, we begin
the trials with the lowest possible
voltage (highest magnitude but nega-
tive sign) and work upwards. This
means that the comparator output
must be inverted. The EXCLUSIVE ORs
(1C2) take care of this.

PROJECT
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PROJECT: Sampler

In companding conversion,
however, it's a different story. A
DACB88 is going to cost you around
£16 and you are paying your
money for the precision with
which it will handle small signals.
To make the best use of it, you
want small signals to be firmly
centred on the high resolution
section, or chord, of the DAC’s
conversion characteristic. As this
chord consists of quantisation
steps spaced 0.025% of full scale
apart, the entire chord will only
stretch 3.75mV fora 1V FS.
Beyond this point the quantisation
steps double in size, resolution is
halved and quantisation noise
doubled. A small voltage offset
cuts the small-signal performance
by 50%!

I am a bit dubious about using
a 311 in this situation. It has a
maximum voltage offset of 7.5 mV
and even if this is trimmed out it
will still drift with temperature and
time. Another reason for being
doubtful about the 311 is that for a
fairly fast conversion rate — a
TMHz clock, say — its slow
response time is pushing the
performance of tﬁe whole loo
quite close to its limits. If we do a

uick sum of the delays around
the loop, the total of the gate
delay for the 7486, setup and
propagation delay in the 2502
comes to roughly 80ns; settling
time for the DAC will be about
50ns, leaving a little over 400ns
forthe 311 to respond. Typical
response time for the 311 is given
as 200ns, which seems OK.
Looking into the situation a little

more closely (and remembering
Auntie Static’s warning about
’tyf)ical' figures) we find that this
will be very much slower in
conditions of small overdrive
voltage — the time when we are
particularly concerned that it
should be at its best!

The contribution of R1 and R2
to any error is far less than it may
seem at first sight. With an ideal
converter, changes in value would
only alter the effective gain of the
converter. With a real comparator,
offset voltages can be introduced
by variations in the input bias
currents. These can be kept to a
minimum by keeping R1 and R2
low in value: 1% tolerance is
perfectly adequate to keep offset
from this source far below that
from other causes.

Approximate Truth

The converter circuit produces
an output in sign and magnitude
form. The most signifcant bit of the
binary word will be a 1 if the
instantaneous voltage is above 0V,
0 if it is below. The remaining
seven bits represent the ‘distance’
of the input from 0V.

Just suppose fora moment that
we have a voltage which is rising
from OV to full scale, which we'll
say is 1V just to make the sums
easy. As the voltage is positive, the
sign bit will be a 1. The next three
bits represent the chord number.
Initially we will be on the highest
resolution chord, so they will all be
0. The remaining four bits
represent the step within the
chord and at OV these will also be
0.

The first chord goes in steps of
0.025% of full scale — 250uV
steps with a 1V FS, so that when
the input reaches 250uV bit 0 will
be set to 1. As the input voltage
rises, the lower four bits continue
to count up in 250V steps until at
3.75mV they are all set to 1. As
you would expect, the next step is
for the count to advance from
10001111 to 10010000, but
instead of 250uV it takes a 500,V
rise to get there because we are
now in the second chord and the
step size has doubled. The lower
four bits count in 500uV steps
until 10011111, the end of the
second chord, and it now takes a
1mV rise to reach the next count;
we are in the third chord. The
fourth chord goes in 2mV steps —
and so on, until at a count of
11111111 we reach the sixteenth
step of the eighth chord, which will
be the 1V full scale.

www americanradiohietory com

The circuit performs the
conversion by a process called
successive approximation. in
essence this consists of first setting
up the highest possible number in
the SAR, or successive
approximation register, (ignoring
the sign bit fora moment, this will
be 1111111). Starting with the
most significant bit, each bit is
taken low in turn, the code is
converted by the DAC and the
resulting analogue voltage is
compared with the input. If the
input is higher, the bit being tested
is set back to a 1 again. If the input
is lower, it is left at 0. In this way,
after testing and setting all seven
bits, the closest number above the
value of the input will be left in the
SAR and the conversion will be
complete.

A Quick Sample

As a quick sample, let’s take a
four-bit linear conversion with a
full-scale of 1.5V. Let's suppose
the input is 701mV (you'll see why
later). The first step is to set the
MSB to 0, giving 0111. This is
converted to an analogue voltage
(700mV) and compared with the
input. The input is higher, so the
MSB is set back to a 1. The next bit
is then set to 0 giving 1011, the
analogue voltage (1V) is left at 0.
The next trial is with 1001; the
input is still lower so this bit too is
left at 0. The final trial is with
1000; the input is still lower so the
LSB is also left at 0. The conversion
is complete and we have our
digital code: 1000.

If you've got a calculator and
enough patience, you can
convince yourself that this will also
work with companded conversion.
In fact it will work with any non-
linear conversion as long as the
DAC is monotonic.

Thankful

You may also have noticed that
we rejected the first trial of
700mV, and ended up with a code
representing 800mV for an input
of 701mV. As | mentioned before,
the successive approximation
technique gives the nearest value
above the input. In linear
conversion it is usual to give a half
step offset to the converted wave
to restore the correct DC level. In
companding conversion the
situation is more complicated as
the offset will alter from chord to
chord. Thankfully, the DAC88
takes care of this internally.  ETI
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AN ARGUS SPECIALIST PUBLICATION

INTERNATIONAL L

DIRECT INJECT
COMPRESSION GATE

The first of a series of stackable units in 8%2 inch cases for
recording and live performance use, this project offers
remarkable specificationsand an attractive appearance.
The Gate combines compression and noise reduction
and also allows some control of sound envelope.

SINGLE BOARD 6809
COMPUTER

The 6809 isanimpressive microprocessorthatmakesan
auspicious debut in our project pages as the brains of a

very impressive single-board computer running the
FLEX operating system and featuring high resolution
display, fully-programmable character set, RAM disk,
floppy interface and much, much more.

PLUS:

All our usual features and more. Look out for an excep-
tional ETI special offerand the latest parts of ourcontinu-
ing projects and features. December would not be
December without ETI . . . It'd probably be August
instead.

THE JAM-PACKED DECEMBER ISSUE OF ETI.
ON SALE NOVEMBER 1ST.
GIVE SANTA SOME ADVANCE NOTICE.

MICROBOX 1l 1H: 6809 siNGLE BOARD COMPUTER THAT YOU BUILD YOURSELF
KEYBOARD PRINTER SERIAL PORT SERlAL PORT

VIDEO
OUTPUTS PORT

SYSTEM EXPANSION BUS '

BATTERY BACKED REAL-TIME
CLOCK/CALENDAR ™~

128KBYTES SHARED MEMORY

RAMDISC :
HIGH SPEED SILICON DISC
ACTS LIKE A STANDARD
‘FLEX’ DISC

ALPHANUMERIC DISPLAY
108 x 24 CHARACTER
FORMAT.

USER DEFINABLE
CHARACTERS.

STANDARD VDU
CONTROL FUNCTIONS

EXTREMELY FAST, VERY HIGH RESOLUTION GRAPHICS |
768 x 576 MONOCHROME DISPLAY )
HARDWARE VECTOR GENERATION BY ADVANCED NEC7220
DEVICE. LINE, POINT, ARC, PATTERN, TEXT, AREA FILL ETC

*NOTE: MICROBOX Il WILL BOOT ‘FLEX’ FROM
ANY STANDARD SYSTEM DISC.

8$KILLICORNE MEWS - QUEENS ROAD - CHELTENHAM - GLOUCESTERSHIRE GL50 2NJ
Telephone: Cheltenham (0242) 510525

Ex VAT

POWERFUL 68BOYE 8/16 BIT
MICROPROCESSOR

SYSTEM SUPPORT MONITOR
(8KBYTES) containing:
DISC AND INPUT/OUTPUT DRIVERS
GRAPHIC PRIMATIVES
TERMINAL EMULATOR
UTILITY AND DIAGNOSTICS
“FLEX” BOOT AND CONFIGURE

B GOKBYTES USER MEMORY

FLOPPY DISC INTERFACE

j& _— SUPPORTS SINGLE OR DUAL,
40/80 TRACK, SINGLE OR
DOUBLE DENSITY DISC DRIVES

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

+ SYSTEM SUPPORT MONITOR

+ SYSTEM UTILITIES DISC — £95.00
FLEX + EDITOR + ASSEMBLER £75.00
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TRAINS
OF THOUGHT

For manyyears railway modellers
have beeninstalling 12V lampsin
theircoaches connectingthemto
powerpickupsonthewheelsand
running illuminated trains —
very effective if the room lighting
is turned down to simulate dusk!
This arrangement, however,
suffers from three disadvantages:
(1) lamp brightness varies with
train speed and is nil when trains
are stopped;
(2) the lighting cannot be
turned off;
(3) modern coaches mostly use
polystyrene construction, with
horrific consequences if it comes
in close contact with a hot lamp!
Using command-control systems
such as Hornbys Zero-1
eliminates the first problem and
makes constantbrightness possi-
ble. An accessory control module
overcomes the second problem
but the third is more difficult.
For those of us who use con-
ventional (albeit electronic) con-
trol system, two methods of coach
lightingare possible. Thefirstisto
superimpose on the track a high-
frequency AC voltage, eg., 6V at
30 kHz. The high frequency has
minimal effect on the loco
motors which ~ are primarily
inductive devices. Placinga470n
capacitorin series with eachlamp
effectivelyisolates it from the DC
— orquasi DC — output from the
controller, while the AC passes
ready through — 470n offers only
about eleven ohms resistance at
30kHz — and lights the lamps.
Switching on and off the AC
supply will control the lights with
minimal effect on the locos.
There are just two problems —
both potentially disastrous. First,
building a circuit that is capable
ofdeliveringupto1A,6VACat30
kHz is not easy. !f you can get
away with a small output transistor
like the BFY51 all well and good,
but watch our for thermal run-
away withlargertypessuchasthe
ubiguitous 2N3055. Push-pull
outputatsuch frequenciesis best
accomplished using the rather
more expensive (but delightful to
handle) VMOS devices.
Secondly, althoughthe AC can-
notinterfere with thelocomotors
directly it can interfere with the
controller and vice-versa. Turn-
ing the controller on full can
short-circuit the AC voltage so
that the lamps fail and the AC
generatorgoesupinsmoke. Ifthe
controller is an electronic type
with afeedback loop, the AC gets
into the feedback loop where it
can cause all sorts of interesting
phenomena, including making
the trains dance jigs!

70

The solutionis achoke in series
with the controller and AC
generator, but you will need a
push-pull VMOS output and a
split power supply.

The alternative approach is to
run the coach lamps off an array
of rechargeable batteries, eg,
NiCads, concealed somewhere
in the train and recharged from
the track voltage (when avail-
able). Switchingonand off is best
accomplished by on-train reed
switch/bistable  combinations
activated by temporarily placing
magnets near the passing train.

The problem this time is
regulating the voltage picked up
from the track down to the 6V or
so that can be delivered by
NiCads. Normal voltage
regulators generate far more heat
than can be dissipated within the
confines of a polystyrene coach;
the best solution is a switching
regulator which runs cold. Such
circuits can be devised quite
simply usingthe inexpensive 555
timer IC. The batteries are best
concealed in a brake van such as
the Lima full brake.

There is no simple answer to
the problem of stopping the
lamps from melting the train! Itis
best to keep the lamps as far from
polystyrene structures as is prac-
ticable and under-run them by
using a lower-than-rated supply.
The lightwillbe yellowishbut this
doesn’t really matter and it does
extend the life of the lamps. Now
that blue LEDs are available (if
expensive) it should not be too
long before white-light LEDs are
with us. That should make life a
lot easier for those whose railway
modelling includes light
entertainment.

Roger Amos

OPEN
CHANNEL

As you read this column, a deci-
sion is being made regarding the
future of British and European
television systems which could
bring them into broad alignment
with other systems throughout
the world. The benefits of asingle
world standard in television
broadcasting are fairly obvious:
programmes made in one coun-
try could be retransmitted in
another without reformatting of
any kind, television receivers
would not be unique to indi-
vidual countries but could be
transported (and sold) anywhere
without modification. This all
sounds great in theory, but what
about the practice?

Present world television sys-
tems fall into three types. The
European systems are based on

[ — ————

MAIL ORDER PROTECTION SCHEME

it you order goods from Mail Order Advertisers in this
magazine and pay by post in advance of delivery, this
publication will consider you for compensation it the
advertiser should become

provided:

returned; and

that day.

reader’'s difficulties

the PAL standard (Phase Alterna-
tion by Line), the French SECAM
system (Sequentiel Couleur A
Memoire), and the American
NTSC system (National Televi-
sion Systems Committee). The
quality of picture in these stan-
dards varies considerably: the
NTSC standard, for instance, is
badly affected by weather condi-
tions, with colour hue changingas
the phase of the received signal
changes.

Until now, television standards
have been designed to provide a
system which is only as good as
the customer wants. British tele-
vision systems, for example, have
progressed in steps - first there
was a 405-line system, then the
present 625-line system. In both
cases, television receivers could
be built using the available tech-
nology at a price the viewer was
prepared to pay. Considering the
complexity of television receivers,
it is quite remarkable that they
are as cheap as they are - due to
mass-production, no doubt.

Given the steps forward in
electronics, micro-miniaturisa-
tion, and communications since
the three main standards were
initiated, it seems sensible that
any new standard should be
more complex. But dare we aim
for the ultimate performance
possible in any television system
given the present technology, or

www americanradiohictory com

1. You have not received the goods or had your money

2. You write to the publisher of this publication explain-
ing the position not earlier than 28 days from the day
you sent your order and not later than 2 months from

Please do not wait until the last moment to inform us.
When you write, we will tell you how to make your claim
and what evidence of payment is required

We guarantee to meet claims from readers made in
accordance with the above procedure as soon as
possible after the advertiser has been declared bankrupt
or insolvent to a limit of £1,800 per annum for any one
advertiser, so affected, and up to £5,400 p.a. in respect of
all insolvent advertisers. Claims may be paid for higher
amounts, or when the above procedures have not been
complied with, at the discretion of this publication, but
we do not guarantee to do so in view of the need to set
I some limit to this commitment and to learn qufickly of

This guarantee covers only advance payment sent in

direct response to an advertisement in this magazine

(not, for example, payments made in response to cata-

logues, etc, received as a result of answering such
advertisements):

CLASSIFIED ADVERTISEMENTS ARE EXCLUDED.

insolvent

or bankrupt, I

should we just create a new stan-
dard which again provides only
whatthe viewerwants, but which
we may later discard when
further technological develop-
ments have taken place?

The japanese think that the
first type of standard is required.
They have put a great deal of
research and developmentintoa
standard called high-definition
television (HDTV), which uses a
picture of 1125 lines and creates
a viewed image of remarkable
detail and clarity. This standard is
so good that the Americans have
been persuaded to adopt it too,
which means that virtually the
whole world will use HDTV -
apart from Europe perhaps.

The problem with Europe is
that a standard has already been
developed which, although not
producing quite such good pic-
ture quality as HDTV, still gives
enormous quality improvements
overexisting PALstandards. As far
as most of the broadcasting
authorities in Europe are con-
cerned, this new standard (C-
MACQ) is good enough for the
foreseeable future of European
television broadcasting. By the
time C-MAC has outlived its
capabilities, new technological
developments will probably
allow an even greater jump for-
ward (3D television? ‘smelly-
vision’?) than can be obtained by
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Its easy to
complain about

advertisements.
But which ones?

Practice.

Everv week millions of advertisements
appear in print,on posters or in the cinema

Most of them comply with the rules
contained in the British Code of Adverrising

But some of them break the rules and
warrant vour complaints

If vou're not sure about which ones thev
are. however, drop us a line and we'll send vou
an abridged copy of the Advertising Code

Then. 1t an advertisement bothers
vou. vou'll be justified m bothering us

The Advertising Standards Authority.

If an advertisement is wrong, were here to put it right.
ASA Lid. Dept 2 Brook House, Tormngton Plice Tondin WCTE 7ZHN

This space ts donared in the iterests of high standards ot advertising

HDTV now.

In effect, C-MAC pushes for-
ward the present PAL system,
utilising it more efficiently. It's
not really a new standard at all,
merely an adaptation of what we
presently have. Nevertheless, C-
MAC pictures, in an enhanced
form, are of excellent quality and
compare well with high-quality
35mm cinema film. The system
can giveawideraspectratio-5:3-
and stereo sound.

But that’s not all. Enhanced C-
MAC can be transmitted easily
over DBS satellite channels:
HDTV as yet can't. The band-
width of an HDTV signal (30
MH?z2) is greater than the total
bandwidth of proposed satellite
capabilities. The HDTV engineers
say they willbe able to compress
the signal, but it is unlikely that
any great savings in bandwidth
will be possible - the most we can
hope for is that a single satellite
channel will be able to transmita
single HDTV signal whereas at
present three PAL channels can
be broadcast over one DBS
channel.

Another technical problem
arises because Europe has a
mains supply system which alter-
nates at 50 Hz while American
and Japanese systems alternate
at 60 Hz. Mains alternation fre-
quency drastically affects televi-
sion reception because the
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receivers rely on the mains fre-
quency for various timing con-
trols. As a result, the worldwide
‘standard’ isn’tas standard as you
may at first think.

Also, we have to consider what
willhappenif Europe choosesthe
HDTV route. The Japanese are
alreadyknown tobe gearingup to
mass-production  of HDTV
receivers. If all television receivers
worldwide will be to that stan-
dard, they will literally be able to
flood the whole market with their
equipment, instantly. The Euro-
pean manufacturers may not
have that opportunity. And what
about the cost; prices as high as
£15000ormorehave been quoted
for HDTV receivers. C-MAC
television receivers would be
priced ataround the same figures
as existing PAL receivers.

So, what's the answer? Well,
the decision is actually out of our
hands, and is about to be made
for us. By the end of October a
meeting of the CCIR (the Inter-
national Radio Consultative
Committee) will decide which
system is to be adopted in
Europe. Even though HDTV is
undoubtedly a better standard
than C-MAC, and even though a
worldwide standard is useful, |
personally don't think it is the
best solution for Europe.

Keith Brindley

ALF'S PUZZLE

Whenever we are puzzled by
some complex bit of electronics
theory, Alf is always on hand to
help. ‘What's a sine wave, Alf?’
we ask. ‘A pure frequency,” Alf
ripostes  without hesitation.
‘What are other waves made of?’
we inquire searchinfgg. ‘Sine
waves,” Alf replies confidently.

The other day, our Alf was
trying to repair a faulty square
wave generator. One of the
outputs was normal, the other
was distorted. Imagine the
surprise  with  which  our
basement brains responded
when he added the two waves
together and found they made a
sine wave!

Alf knows that a square wave
contains more harmonics than it
knows what to do with, and
reckons that the distorted
version must have an harmonic
or two knocking about as well.
How on earth could all those
frequencies add up to a wave
with no harmonics at all?

What made matters worse
was that his generator was
producing 2KHz square waves
and the sine wave was at 1KHz,
a frequency which shouldn't
have been there at alll Where
on earth was it coming from?

The answer to last month's

If you connect a load

between +ve and OV in a

VISA

- L

ETC

power supply circuit, you're
okay. The voltage remains fairly
constant across the smoothing
capacitor and gets topped up
each half cycle of the mains.
That's the situation with the
12V supply on its own. but try
and connect a resistor from the
12V rail to an even higher
voltage (say the 24V rail in last
month’s  diagram), and it's
a different story. This is exactly
what Alf did by providing the
24V rail and connecting the LED
and associated circuitry from it
to the 12V rail. Now the bridge
on the 12V supply becomes
reverse biased and there s
nothing to stop the voltage of
the original capacitor across the
12V supply rising as high as it
likes. Tﬁis is what happens in
Alf's circuit when the switch is
pressed.

TLILILTL

2kHz SOUARE
WAVE

[
P
| | [ +
[

| |
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| IDISTORTED 2kHz
| | SOUARE WAVE
|

1kHz SINE WAVE

Alf’'s waveforms

that there 1s a real difference at Crickigwood Electronics
That's why you should never be without the FREE CRICKLEWQQD ELECTRONICS
COMPONENTS CATALOGUE, tor sheer variety competitive prices and service
from the U K s number one 100% component shop No gimmicks, no gadgets or
computers. just components. milions of them. all easily availabie by mail order
calling or credit card telephone orders  Just pick up the phone (or a pen to get your
FREE copy now (no SAE required! You have nothing to lose

CRICKLEWOOD ELECTRONICS LIMITED
40 Cricklewood Broadway, London NW2 3ET

Tel: 01-450 0995/01-452 0161
Telex' 914977

Au.m =
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Linpage:
45p per word (minimum 15 words)
Semi Display: (minimum 2 cms)

01-437 0699 Ext 323

ENX

Send your requirements to:

£11.80 per single column centimetre

Ring for information on series bookings/discounts
All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and

conditions printed on the advertisement rate card (available on request)

ETESON ELECTRONICS

[ ] @®Poulton-le-Fylde,

Open. 9.30am-12 30 1.30.5.30. Ciosed Wed & Sun.
Electronic Component Specialists.

or Green,
lackpool
Tel: (0253) 885107

16B Lo

T

| ONE STOP ELECTRONICS
126a Maidstone Rd., Rochester ME1 3DT
Tel: 0634 400179

Open 7 days a week.

Test equipment, telephones, two-way radios, repairs,
‘ cellular radio and components

Calland browse anytime except Wednesday afternoon.

=S DP>P2O0I~-O0OMrm

PROGRESSIVE RADIO
93 Dale Street. Tel 051 236 0382

47 Whitechapel, Tel 051 236 5489
Liverpool 2
‘THE ELECTRONICS SPECIALISTS’
Open: Tues-Sat 9.30-5:30

- DP>P=20TI--0O0MmMrm

THE SCIENTIFIC

WIRE COMPANY
811 Forest Road, London E17
01-53.11168
ENAMALLED COPPER WIRE
SWG 1lb 80z 402 20z
8-34 363 2.09 1.10 88p
35.39 3.82 230 1.26 93p
4243 520 291 2.25 1.60
44.47 856 580 3.49 2.75
48 1596 9.58 6.38 3.69
SILVER-PLATED COPPER WIRE
14.30 9.09 5.20 2.93 1.97
TINNED COPPER WIRE
14.30 397 241 1.39 0.94
Prices include P&P and VAT. Orders under
£2 add 20p. Dealer inquiries welcome.

PARAPHYSICS JOURNAL
(Russian translation), psycho-
tronics, kirlianography, heli-
phonic music, telekinetics.
Computer  software.  S.AE.
4 x 0", Poralab, Downton,

Wiltshire.

WHO NEEDS A LOGIC
ANALYSER? lllustrated guide
shows you how to decode microp-
rocesses Buff signals using a stan-
dard oscilloscope. Price £4.99 +
40p P&P. Crossed cheques/P.0O.'s
to:- Mr M Rimmer 20, Duddle Lane,
Walton-le-Dale, Preston, Lancs
PR5 4UD.

72

ZX SPECTRUM. Vic20,C64,BBC,
QL 15 40/41, Commodore com-
puters, printers and floppy discs.
Send faulty machine to: Trident
Enterprises Litd.,, 37 Linden
House, Common Road, Langley,
Slough, Berks. Tel: (0753) 48785.

POWER SUPPLY REPAIRS. We
offer a fast repair service on most
makers of DC power units in the
range of 1 amp to 30 amps. Crow
bars etc, also fitted. Full details
ring: 0536 743 496.

([ LABELIT!

PROFESSIONAL QUALITY LABELS AND
BADGES MADE TO ORDER -
Low cost » Various cotours and styles ®
Engraved by us ® Very hard-wearing
waterproof plastic or metal
Fast efficient service
Write to Rob Thomson for FREE detalils

THOMSON
Elsctronics
Radio Communication Specialists
Office, § David Place,

Basement X
St. Helier, Jersey. Tel: 0534-75170

) Caroline Faulkner
ASP Ltd.,
1 Golden Square,

on
BURGLAR ALARMS

with

London W1.

LOWEST U.K. DIY PUBLISHED PRICES
PHONE OR WRITE FOR YOUR COPY
051-523 8440

AD ELECTRONICS
217 WARBRECK MOOR
AINTREE, LIVERPOOL LS OHU

NI-CAD BATTERIES. AA, 500
MAH £1.00. C 1200 MAH £2.00. D,
1200 MAH £2.20. PP3 110 MAH
£4.80. P&P 40p. Free price list!
Spectrum Radio & Electronics, 36
Slater St., Liverpool L1 4BX. 051-
709-4628.

RESISTORS, CAPACITORS.
1,000 mixed carbon film 4W, 4W,
%W, 2%, 5%, 10% resistors £2.95
+ 50p P&P. SAE for details to: D.J.
Hooker, Romney Marsh, Elec-
tronics, Clark Road, Greatstone,
New Romney, Kent TN28 8PB.

VAST RANGE of products from
many branches of science and
technology. High specification
components, labware, lasers, in-
struments, chemicals, optics,
computer supplies and much
more. SAE with details of your
specific requriements or for
catalogue, Science and Tech-
nology Products (CET2), PO Box
192, Poole, Dorset, BH15 4AL.

TRANSISTORS
Guaranteed top-spec devices
BC107, hte>125, Ic0.1A, 50pc £7
BC109, hte>240, Ic0.1A, 50pc £9
BC184C, hfe>450, Ic0.2A, 50pc £6
For 100+ pc deduct 15%

All orders add 40p P&P + 15% VAT
Connexion Services, P.O. Box 1
Ratby, Leicester LE6 0XU

www americanradiohictory com

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

[~
Stephens
Wigan W

*** TANGERINE OWNERS ***
6809 CPU board, Flex O/S, 14K
RAM card overlay Tanex, 32K-
RAM-EPROM-BATTERY BACKED
BOARD address switchable page
selectable all available from
STOCK also all the hard to get
Tangerine chips in stock, loads of
FLEX programmes, power Sup-
plies, Access/Barclaycard, s.a.e.
fordetails. Ralph Allen Engineer-
ing, Forncette-End, Norwich,
NR16 1HT. Tel: 095389 420.

COLOUR GRAPHICS MEMORY
ARRAY. Professionally designed,
fully buffered, on-board shift
registers 4/8 planes 64K x 16/8
bits (4164). Unpopulated PCB +
App. Circuits £125.00. SAE 65
Northgage St., Colchester, Essex
CO011EY.
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100W AMPLIFIER — £9.95 built
or use the same board for 50W,
150W, 200W into 4 or 8 ohms,
etc., by using alternative output
transistors and P.S.U. S.A.E. for
full details to:- ESS Amplifica-
tion, 269 Hessle Road, Hull.

SHEETMETAL FOLDERS. 24" x
166" vice or bench mode! £50
leaflet 01-890-7838 day/eves.

SURPLUS EXEQUIPMENT
POWERAMPS...100watt/£7.50-
200W/€12 . . . Glass/PCB & T03/
output heatsinking .. . built, tested
& instructions . . . KIA-8, Cunliffe
Rd., likley . . . Free Slider/VC!!

TEKTRONIXOSCILLOSCOPES.
8-Trace 19 MHz Duai-Beam type
551 £235. 555 Dual-Beam 4-trace
24 MHz Delay sweep £280. 547
Dual trace 50 MHz Delay sweep
display-switching £250. 585A
Dual-trace 85MHZ Delay-sweep
£250.502A Dual-beam 100 micro-
volts IMHz £105. Philips type 3212
Dual-beam 25MHz £335. Storage
oscilloscopes, spectrum analysers,
semi-conductor  curve-tracers,
manuals, plug-ins, spares, Nova-
3 mini-computer. Other test
equipment. Ring 01-868-4221.

CASED PAIR PERTEC FD650, 8"
floppy disk drives. Very little used
£200. Phone 0595-3367.

BANKRUPT STOCK 10 MEG
Oscilloscopes. 3" CRT. Working
order £60. A. Gallagher, 22 More-
tons, Basildon, Essex SS13 3LS.
Tel: 0268 551562. After 7p.m.

CORTEX COMPUTER — £250 or
offers. Fully functional with
RS232, disc interface, single disc
drive with integral P.S.U., E-Bus
Components, CDOS, WORD-
PROCESSOR. Tel: 01-530-5046.

100W SLAVE AMPLIFIERS £201

. . . Glass modules & chassis +

4 TO3/FIN heatsinks. . . Auto/cut-

out Reg/PSU - 240V Tested! . . .

(P&P £4) K.LLA., 8 Cunliffe Road,

gkley LS29 ... IHustrated leaflet/
AE.

CORTEX BUILT AND WORKING.
Fully populated board, except TMS
9909, 74LS 2001, 74LS 612 £160.
Tel: Rugby (0788) 77391.
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ETIl. VCDO authentic musical in-
struments in EPROM £9.95. O.
Lucas, 45 Fotherby Ct., Maiden-
head, Berks SL6 1SU.

JBA ELECTRONICS
Specialists in manufacture and
design of:

Microprocessor, Telemetry, and
Audio-based systems.

UNIT 9,
BRECON INDUSTRIAL ESTATE,

BRECON, POWYS, S. WALES

Tel: (0874) 2563

FREE PROTOTYPE of the
finest quality with every P.C.B.
artwork designed by us. Com-
petitive hourly rates, and high
standard of work Halstead
Designs Limited. Tel: halstead
(0787) 477408.

PCB DESIGN AND LAYOUT.
Contact Elpincrest Ltd; 46 Argyle
St., London N18 2PP. Tel: 01-807-
9276. .

DESIGN SERVICES, microp-
rocessor, special interfaces, ana-
logue, digital, signalling, alarm
systems, PCB design and artwork.
Prototype and small batch pro-
duction. ALAB ELECTRONICS.
Grantham (0476) 860089.

FREE!! Electronic components
pluscatalogue send £1.00tocover
p&p.E.C.P.S,7HAREHILL CRES-
CENT, WINGERWORTH, CHES-
TERFIELD, S42 6SS.

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

FREE MEMBERSHIP to a new
national electronics club. For
details and a free gift of com-
ponents worth over £10 send only
£1 P&P to WOODSIDE, DOW-
SETT LANE, RAMSDEN LANE,
ESSEX CM11 1JHL.

MINIATURE TRANSMITTER

Transmits all voices and sounds to any

VHF/FM radio up to § miles away, size 2in

* %in, tunable 70- 150 MHz, 9-volt opera-

tion, with vero £4.95, with P.C.B. £5.85.

Advanced model £9.95 with P.C.B. all

complete kits with ploans, sensitive

microphones. Send cash/cheque/PO:
TECTRONIKS
22 Lambardes N.2A G. Nr Dartord,

Kent DA3 8HX.

MAIL ORDER ONLY

MINIATURE FM TRANSMIT-
TERS. Frequency 60-145 MHz,
range 'z mile S.G.F. — P.C.B. All
components. Full instructions 9-
12v operation, broadcast recep-
tion. Super sensitive microphone.
Pick-up on FM radio. £6.95 inc; or
ready built £8.95: Same day des-

atch — Zenith Electronics, 21

tation Rd., Industrial Estate,
Hailsham, E. Sussex BN27 2EW.

CONQUER THE CHIP .. .Master
modern electronics thePRACTI-
CAL way by SEEING and DOING
in your own home. Write for your
free colour brochure, now to:
British National~ Radio & Elec-
tronics School. P.O. Box 7,
Teignmouth, Devon TQ14 OHS.

J. Linsley Hood Designs
P.P.

Distortion Anatyser Kit. £25.00 £1.00
Millivottmeter Kit. £12.25 £0.76
Case and Panel forabove  £18.00 £2.00
ET) Mostet P.A. Kit. £51.00 £1.50
Audlo Signal Gen.

(.02%) Kit. £26.50 £1.50
Audlo Signal Gen.

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

(.002%) £14.00 £0.50
Case and Panel for above £9.50 £1.00
Reg. P.S.U. 1.5/35 volts

from £12.80 £0.00

S.A.E. for tull information.
TELERADIO ELECTRONICS
325, Fore Street, London NS OPE. Tek 807 3719

PRINTED CIRCUIT BOARDS
AND PLANS TO BUILD: Head-
higtit activated switches, timers,
metronomes, Ssirens etc. Two
ready drilled boards £2.85 p&p
50p. Send to: Chataignes Product,
Green Lane. Great Horkesley,
Colchester, Essex, C06 4HO. '

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

desirable.

October 14.

BRIGHTON POLYTECHNIC

DEPARTMENT OF
MECHANICAL AND
PRODUCTION ENGINEERING

Principal Technician
Salary up to £9591 p.a.
To take responsibility for leading a small electronics team
which installs and maintains the electrical and electronic
equipment in the department, runs the Computer Labora-
tory and the Dynamics and Control Laboratories.

Previous experience, HNC or relevant qualifications are

Technician
Salary up to £6756 p.a.
To take responsibility for the Dynamics and Control
Laboratories and be involved inthe maintenance and repair
of a wide range of electrical and electronic equipment.
Some basic fabrication skills are desirable, together with an
ONC or equivalent qualification.

Application forms and job description from the Personnel

Department, Brighton Polytechnic, Moulescomb, Brighton
BN2 4AT. Tel: (0273) 693655 Ext 2537. Closing date

www americanradiohietory com
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13a Station Road
Cullercoats - North Shields
Tyne & Wear - NE30 4PQ

Telephone 091 2514363

TRANSISTORS - RESISTORS - CAPACITORS -
DIODES - LED'S - SCR'S - ICS - VOLTAGE
REGULATORS - DISPLAYS - AUDIO & EDGE
CONNECTORS - VERO/PCB'S - INSTRUMENT
CASES & BOXES - POWER AMPLIFIERS &
MODULES - MICROPHONES & STANDS.

WRITE OR PHONE FOR FREE PRICE LIST.

GRIPMATE

ELECTRONIC ENGINEERS NEED i

EXTRA HANDS' FOR 4
SOLDERING GLUEING ;
AND ASSEMBLING

This essential compact tool comes
complete with 4 croc-clip flexi-arms
to hold components positively and
rapidly with infinite positioning.....
ONLY 6 USEFUL ACCESSORIES... :
48mm 2.5x MAGNIFIER FLEXI- ARM £2.50
g U MAGNET FLEXI-ARM £1.50
ALL PRICES INCLUDE VAT- POST- PKG
SEND NOW! CHQ/PO OR SAE DETAILS DIRECT FROM THE MAKERS

HEATHKIT U.K. Spares and ser-
vice centre. Cedar Electronics,
Unit 12, Station Drive, Bredon,

INSTRUMENT CASES in struc-
tural foam. Made to order in small
lots. Write to Minnow Plastics, 6

Tewksbury, Glos. Tel: 0684 Avonmouth St., London SE14NX.
73127. Tel: 01-407-0910.
USED EPROM'S USED COLOUR
2784 280
14” Monitor Chassis
110V R.Q.B. Drive
£85.00 + £10.00 php

For cleaned proms please add
20p per chip.

Ansell & Barber Ltd
241 TONG ROAD, LEEDS L 812 ANQ
Tel: (0532) 632131

Please include postage of
£1.00 and VAT @ 15% with
your remittance.

TMS 2764 BLANK EPROMS. 64K
memory. Brand new — £4.7
each. Discount for quantity. South
Benfleet 54663. Essex.

TO FILL THIS SPACE
PHONE CAROLINE
ON
01-437 0699

T

KEMPLANT LTD (DEPT.2) B » DL - e

L DURFOLD WOOD. PLAISTOW, BILLINGSHURST, WEST SUSSEX RH14 OPN ARD Y =
- 0%

(A

A

PRINTED CIRCUIT BOARDS
one-offs and small quantities
supplied. Artwork carried out.
Fennel industrial Electronics, 54
Watling Street, Nuneaton, Warks
CV116JL. Tel: 0203 382296.

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

SOLAR SOUND LTD

18 Berton Way

Croxley Green b A | B
Rickmansworth e L
Herts WD3 3QA

AT S NWOKOYE

ELECTRONICS

Power supplies with thermal, short circuit
- and reverse outputvoltage protection plus

TURN YOUR SURPLUS tran improved ripple rejection.

sistors, IC's etc into cash. Con- N.P.0%

tact Coles Harding & Co, 103 Miniature stabilised variable p.s.u. (2.5 -

South Brink, Wisbech, Cambs. ECITERDS £10.95 + £1.50.

Tel: 0945 584188. Im medlme 2.5 - 30V (or switched 5V) at over 1.A with

settlement. separate selectable constant current

source (10MA, 100MA, 1.A). also fused

40V unstabilised output. £26.95.

N.P.03

A +1.25 to +10V dual power Supply with

switched +5V, excellent tracking qualities

even with unbalanced loads and an un-

stablised fused 30V output. £25.95.

815

THREE TMX 9909NL Floppy Con-
troller chips in working order any
reasonable price paid. Tel: 0235
31436. Mr I. Nimmo after 6.00pm.

Quality function generator with separated

1) B ¢ sine, square and triangular outputs. 10Hz -
L L i 1MHzin § ranges separate amplitude con-
trols independently variable sine, square/
triangular frequencies. £23.95.
TOP PRICES PAID T162
for surplus electronic test Analogue frequency meter. 100Hz-1MHz,
equipment in 5 ranges variable sensitivity. £26.95.

ALWAYS a good selection of Cheques/P.0.’s + £2 p&p to:

SIG-GENS, METERS, and NWOKOYE ELECTRONICS
SCOPES for sale. 52 Keslake Road, Kilbum,
London NW6 6DG

Phone 0920-871430

74

Rate 45p per word (min 15 words)
Post to: ETI, 1 Golden Square, London W1A 3RB

ADVERTISERS PLEASE ADD 15% VAT

Please use BLOCK CAPITALS and include post codes.
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Name (Mr/Mrs/MISS/MS) ...............ocviiiiiiiiniiiiinien i,

(delete sccoraingty)
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electronics today international

BOOK SERVICE

How to order: indicate the books required by ticking the boxes and send this page, together with your payment to:
Technical Book Services, Oak House, Cannon Hill Way, Maidenhead SL6 2EY. Make cheques payable to Technical Book
Service. Payment in sterling only please. All prices include P & P. Prices may be subject to change without notice.

ELECTRICAL 2 (F) FILM, TV, VIDEO AND AUDIO VISUAL
14th Edition ENG'NEER'S

REFERENCE
BOOK

[] Computers for Animation Hayward £16.00
[]Videotape Recording 3rd Ed Robinson £17.00

(F) THELIBRARY OF COMMUNICATION TECHNIQUES

[_] The Technique of the Sound Studio for Radio,
Recording Studio, Television and Film 4th Ed Nisbett £13.00

Electrical Engineer’s
Reference Book
14th Ed

B COMPUTING AND MATHEMATICS

Editedby M A Laughton & M G Say

Butrerworths Laughton & Say (] Dictionary of Data Processing 2nd Ed Maynard £15.00
i £67.00 (7] Digital Logic Design Holdsworth £12.50
[ ] EDP System Development Guidelines Glasson £10.95
_ ELECTRICAL AND ELECTRONIC ENGINEERING
] Dictionary of Audio Radio & Video Roberts £18.50 <L MARINE ENGINEERING
0 Ra‘gigcgtymogs%egmga" Electronics & Computer £20.00 ("] Radar & Electronic Navigation 5th Ed Sonnenburg £26.00
r rowl .
[] Dictionary of Electrical Engineering 2nd Ed
Jackson & Feinberg £18.50
("] Dictionary of Electronics Amos £18.50 EL] BUTTERWORTHS BASIC BOOKS
[] Dictionary of Telecommunications Aries £18.50
["] Electronic Components & Systems Dennis £15.50 ] BASIC Aerodynamics Stribling £9.95
(] Etectronic Security Systems Walker £17.00 [] BASIC Hydraulics Smith £8.95
[] Electronics: A Course Book for Students Olsen £11.50 [ ] BASIC Hydrology Sharp £8.95
[] Etectronics Engineer’s Reference l?ook 5thlEd Mazda £61.00 (] BASIC Materials Studies Peapell & Belk £9.95
g Euit:jebto :;int:d ;:irchit Boarq De:gn Hamnl;on gagg ] BASIC Matrix Methods Mason £8.95
andbook for Radio Engineering Managers Ross £51. . I
(] J & P Switchgear Book 7th Ed Lythall £43.00 [ ] BASIC Mecha.mcal Vlbratlon.s Pretlove £9.95
[]J & P Transformer Book 11th Ed Franklin £41.00 [ BASIC Numerical Mathematics Mason 28195
(] Operational Amplifier Experimental Manual Clayton £8.50 [ BASIC Soil Mechanics Milligan & Houlsby £8.95
(] Operational Amplifiers 2nd Ed Clayton £14.50 [[] BASIC Statistics Tennant-Smith £8.95
[] Power Capacitor Handbook Longland et al £31.00 (L] BASIC Stress Analysis Iremonger & Smith £8.95
[] Principles of Transistor Circuits 6th Ed Amos £9.95 [] BASIC Thermodynamics and Heat Transfer Bacon £8.95

Please send me the books indicated. Signed __ ) BT SN o oww e

I enclose cheque/postal order for Name

e _ (Prices include postage and packing). Address — — — —_

Piease make cheques payable to TECHNICAL BOOK SERVICE

wwWw americanradiohistorvy com



WELCOME T0 v,
THE MIAPLIN f i
ADVENTURELAND 7/
IN 1986...

The new Maplin catalogue for 1986 is a real adventureland for the
electronics enthusiast. With hundreds of new lines and details of Maplin's
new low low prices, it's the one event in the electronics year that no-one
should miss. Packed with data and information on all the fatest electronic
products. Pick up a copy from any branch of W.H. Smith for just £1.45.
Alternatively you can order your copy by post for just £1.85. For overseas
customers the prices are as follows: Europe surface mail £2.50; Europe
air mail £3.75. Outside Europe surface mail £2.50; Outside Europe air
mail depending on distance £4.25/£5.50/£6.25. For surface mail
anywhere in the world you may send eleven International Reply Coupons
for payment in full.
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| Post this coupon now for your copy of the 1986 catalogue. | MAPLIN ELECTRONIC SUPPLIESLTD.

| Price £1.45 + 40p post and packing. If you live outside the U K. | Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend (0702) 552911
send £2.50 or 11 International Reply Coupons. | enclose £1.85. SHOPS

| | © BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356 7292.
Nefite ® LONDON 159-161 King Street, Hammersmith, W6. Tel: 01-748 0926.

| [ B ot e e e ey S |  MANCHESTER 8 Oxford Road, Tel: 061-236 0281.

| AAIESS ..ceceiiii e | © SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 225831.
............................. L —— — = o SOUTHEND 282-284 London Rd, Westcliiff-on-Sea, Essex. Tel: 0702-554000

B e e o e e s S et | Shops closed all day Monday.
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