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LEARNING TODLS

Power-ran kits are complate
down o the lest nut and bolt,
with easy-to-follow

assembly instructions.

P101Mk2

The P101 Mk 2 Hydraulic Robot Arm i
offers unrivalled value for - ﬂ; s
i money in the field of i \J
| educational robots. |\
Either as a self-
coniained system or
linked to an external micro, the P101 Mk 2 gives a realistiz
simulation ot industrial robots. The P101 Ik 2's robust
construction makes it an excellent basis for
experimentation and general robotics research.
Six-axis Robot System kit £1320 + VAT

P102Mk2

The two-speed Hydraulic Robot Arm

is designed to provide*hands-on"
experience in practical robotics courses The
Genesis P102 Mk 2 has most of the
features of large industrial robots costing o
from 10 times the price.

The P102 Mk 2 is supplied with its own
micro-processor control system and

remote control box. Alternatively an
external micrccomputer can be used to
control the robot via its R§232C

interface or parallel port. Complete Six-axis
Robot System kit £4+85_+ VAT

- -

Fareham 286211

Designed 8 produced by Hare Carding Advertising

POWERTRAN PLOTTER

Three-colour precision plotting on an A3 plane. This plotter is
one of the most versatile peripherals that can be bought.
Exchange the pen carriage for a router or a scriber for

computer-controlled etching or machining. Available for BBC
B" or RML 3802Z.

£270 + VAT

‘ il
MICROCRASP Aegormw

. . flashing “eyes”, retractable pen and four-way collision
A real programmable robot for the price of a printer! detectors, Hebot provides an ideal introduction to computer
MicroGrasp has four servo-controlled axes and an control. Connects to most popular micros.
independent gripper. The robot can be connected to most Complete kit £85 + VAT
popular computers. via special Powertran adaptors. Universal computer interface board kit £11 + VAT
Robot kit with power supply £215 + VAT P

; . ; Access/Visa cardholders - save time -
Universal interface board kit £60 + VAT order by phone: 0264 64455,

T I ot N R ——. =
Please send me the following kits
| enclose Cheque/Postal Order. value £

(Don't forget to add V.A.T

Name

Address

————————————————————————— -

To Powertran Cybernetics Limited, Portway Industrial Estate, Andover, Hampshire SP10 3ET Py oans !
Piaase allow 21 days tor delivery. Offers subject to availability. Prices apply to UK only, are exclusive of V.A.T | Access ) &

and correct at time of going to press. Overseas customers - please contact our Export Department. _— |
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DEGEST .55 -5 che) o Yo 8 o, . 7
Something old (the jokes), some-
thing new (the odd product or two),
something borrowed (the rest of the
jokes) and something blue (our
sizzling expose of the goings-on at
the Reader Survey competition
draw). It's all in Digest this month.

TIME DOMAIN ANALYSIS .. ... 20
Andrew Armstrong describes a
method of making performance
calculations on circuit simulations
which avoids the problems associ-
ated with frequency domain analy-
sis and other approaches. Included

are some practical examples in
simple BASIC which can be tried on
any home micro.

THE REAL COMPONENTS ..... 25
John Linsley Hood continues his
series on the ins and outs of elec-
tronic components with a look at
some more semiconductor devices,
proving that transistor design cal-
culations really are as easy as EBC.

TECHTIPS. .........covvv.. ... 52
Not so muchatip, more adead cert.
ETI readers describe a few more
winning ideas.

PROJECTS

SECOND PROCESSOR FOR THE
ACORN ELECTRON
With John Wike's powerful add-on,
the Electron can match the BBC ’'B’
for speed and beat it for memory.
Build this second processor and let
your Electron come first!

LOW COST AUDIO MIXER ....38
John Linslety is best known for his
ultra-high fidelity audio designs.
There are times, however, when
economy is more important than
exotic ﬁerformance, and this design,

UNIVERSAL EPROM

PROGRAMMERMKIL.......... 43
Following on from last month’s article
which described the theory and an
upgrade for owners of the original
design, Mike Bedford and Gordon

Bennett present the complete
Mkl board.
HEATI PEN - o oron o smalionaneonsts 48

Things to do with a battered Biro, or
how a broken ball-pen can get you
into hot water. Geoff Phillips des-
cribes a temperature measuring

offers high quality at a surprisingly attachment for DVMs.
modest cost.
ETC
REVIEMS .- 5. 30orid mgiy st oras: 59 OPEN CHANNEL.............. 61

Qurresidentbookworm has designs
on two new titles this month.

TRAINS OFTHOUGHT. ....... 60
Our new express service to bring
you up to date with what's happen-
ing in the world of model electonics.

Keith Brindley explains why the
humble telephone will soon be
taken tc new heights.

SCRATCHPAD................ 65
Our regular diaristindulges in alittle
more back-biting,
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WATFORD ELECTRONICS

RANSISTORS
AC128/7 35 }BC327 BF336/7 35 [ MPSUO6 60 | 2TX107/8 12 |2N3820 60
250 HIGH STREET. WATFORD, HERTS, ENGLAND.WD1 2AN AC1a1/2 38 |BC337/8 BF394 40 | MPSUS2 65 105 12 | 2N3822/3 €0
AC176 35 |BCasy/61 BF451 40 | MPSuUSs 80 | ZTx212 28 {2N3866 90
MAIL ORDER, CALLERS WELCOME ac187 35 |scar? BF494/5 40 | MPSUS6 60 | ZTX300 13 | 2N3903/2 18
AC188 35 |BCs1e/7 BF594/5 30 | OC26 170 | 2TX302 18 | 2N3905/6 18
Tel. Watford (0923) 37774/40588 Telex. 8956095 ACY19/21 75 | 8Cs47/8 8FR39/40 30 | OC28 220 | 2Tx303 28 [2N3s08 17
ACY22/41 75 | BC549C BFR41/79 28 5 ZTX304 17 |2N4037 80
AD142 120 |BC55 BFRB0/8Y 25 | OC36/41 75 6 30 |2N4G58 1
ALL DEVICES FULLY GUARANTEED, SEND GHEQUE, P.Os, CASH, BANK DRAFT WITH | A%145 '%9 |8625ers SR | (TS I s S U e AR
ORDERS. TELEPHONE ORDERS BY ACCESS/MASTER CHARGE ACCEPTED. | 406! :; gg:i:‘;:g gi;g? 3: gg;;;g 3‘5’ g;gg"’n :; g::;g; ;g
GOVERNMENT & EDUCATIONAL ESTABLISHMENTS OFFICIAL ORDERS WELCOME 80 | BCY4S BFX84 35 | OCBY/82 50 | ZTX503 18 | 2N4289 25
Y X T 4 4314
P&PADD 75pTO ALL CASH ORDERS. OVERSEAS ORDERS POSTAGE AT COST. PRICES | AF188 80 | BCroeo0 e | oS 3 | oCiaer1 7o | Srxest 135 | mesco 25
AF13g 40 30 | ocro 40 | ZTxsso 25 | 2N4a427 8O
|_SUBJECT TO CHANGE WITHOUT NOTICE AF178 78 3s ['0C200 78 | 2N697 23 | 2N4B7TY 85
VA Export orders no VAT. Applicsble to U.X. Customers only. Unless stated othewlse, AF186 58 | TIP29A 32 | 2neB9e 40 | 2N5135/8 30
all prices are exclusive of VAT. Please add 15% to the total cost including PAP. &F:?:)Q’ 40 ;:PZQC 38 | 2N699 48 | 2N5138 :5
10 120 | MP30A 35 | 2N706A 28 | 2N5172 25
We stock thousends more items. it pays to visit us. We are sltualed behind Watford Foolbsll Ground. 8C1078 8D131/32 85 8o | mP3oc 37 | 2n7ce 28 | 2ns179 a8
Nearest Underground/BR Station: Watford High Street. BC108 80133 70 50 | nP31A 38 | 2N918 40 | 2n5180 45
Open Monday to Saturdsy: 9.00em to 6.00pm. Ample Froe Car parking space avaitable. BC1088 80135 45 30 | MP31B 39 | 2N11231/2 40 | 2N5190/1 75
8C108C BD136/37 40 | BSX26/29 45 | IP31IC 45 | 2N1302 45 | 2N5194 8O
ELECTROLYTIC CAPACITORS: (Vaiues in uF) 500v, 10ul 52: 47 78p, 83V:0.47.1.0,15.2.2.3.3.478p 1010p. BD138/39 40 35 | TIP32a 43 | 2N1307 70 | 2N5305/8 30
15,22 12p. 33 15p. 47 12p. 68 20p; 100 19p, 220 26p. 1000 70p. 2200 99p; SOV: 68 20p. 100 17p, 220 24p; BD140 40 38 | 1P32C 45 | 2N16718 160 | 2N5457/8 30
40V, 22 9p. 33 12p, 330,470 32p. 1000 48 2200 90p: 25V. 1.5.4 7, 10,22, 47 Bp; 100 11p; 150 +2p; 220 15p; | BC108C 14 | BD144/45198 | BUI0S 180 | TIP33A 70 | 2N2160 325 | 2N54s9 30
3302291470 2597 680, 1000 34p; 1500 42p, 2200 50: 3300 76p: 4700 92p: 18V: 47,68, 1009m; 125 12p:330 | SC114/5 30 180106 68 | Bu20s 180 | HBAIC B8 | 2N2E don 28 | usrer 4
V6p. 470 20p, 680 34p. 1000 27p; 1500 31 p, 2200 268 4700 72p. 8 25 |8D205/6 110 | BU206 200 | TIP34 85 | 2N22204 28 | 2N577
- g BC137/9 40 |BD245 85 | BU208 200 | TIP34C 105 | 2N2221A 25 | 2Ns879 180
TAG-END CAPACITORS: 84V: 2200 120p; 3300 145p; 4700 245p; SOV: 2200 98p; 3300 185p; 40v: 4700 | BC140 38 | 80378 70 ) Buvesc 228 | MP3sh 120 | 2M2o2en 28 | 2uaert 230
180p: 25V: 2200 70p; 3300 85p; 4000, 4700 75p; 10.000 250p; 15,000 270p; 16V: 22,000 200p. 8C1a7 .~ 12 |B0517 78 | MJ2955 90 | MP3asA 130 | 2N23E9A 18 | 25A71S 75
POLYESTER CAPAGITORS: AxtalLesd Tros sciry (8 Jiwe 1o Pl 0 e 2] 2t B
400V: 1nF. 1n5. 2n2. 303, 4n7, 6n8 11p; 10n. 15n. 18n. 22n 12p; 33n, 47n. SIERIBNSIpch BC148B 15 | BD696A 150 | MIE340 54 | TIPase  s2 | 2N2004/5 28 | 25C1061 250
68n 18p; 150n 20p; 220n 30p; 330n 42; 470n 52p; 680n 1uF 88p; 2u2 82p. ""“é"'“"'.‘l‘" BC149 12 [BF115 45 | MJEITO 100 | TIPa2A 58 | 2N2906/7 28 | 2SC1096 88
1000V: 1nF 17p; 10nF 30p; 15n 40p; 22n 36p; 33n 42p; 47n. 100n 42p. . Cwties BC149C 15 | BF154/8 30 | MJE3?1 100 | TIPa2B 58 | 2N2907A 28 | 25C1162 45
PEaT BCiB2L 10 |BF167 35 | MJES20 85 | TIP120 70 | 2N2926G 10 | 25C1173 125
POLYESTER RADIAL LEAD CAPACITORS: 250V FEED-THROUGH o v BC183L 10 |BF173 35 | MJES21 96 | MP121/2 73 | 2N3053 28 | 25C1306 100
10n, 150,220, 27n 6p; 33n. 470, 68n, 1000 8p; 150N, 220n CAPACITORS @n3l 4n7 615, 6c18s 10 |BF177 35 | MJE2955 98 | TIP141/2 120 | 2N3054 55 | 25C1307 150
10p; 330n. 470n 15p; 680n 19p; 1u5 40p; 2u2 48p. 1000pF 450V 100 | 1on 150 ™ 8C184L 10 |BF178 35 | MJE3055 70 | TIP147 120 | 2N3065 S0 | 25C1449 95
18n 220 2T BC186/7 28 |BF179 40 [ MPF102 40 | TIP20ss 70 | 2N3252 48 | 25C1678 140
TANTALUM BEAD CAPACITORS POTENTIOMETERS: Carbon Track, 33n.39n.470 8p BC188 6/7 25 | BF184/5 38 | MPF103 30 | TIP30S5 70 | 2N3441/2140 | 25C1679 180
35V: 01uF, 0.22. 0.33 15p 0.47, 0.68. Rotary 0.25W Log & LIN Values, S e T 30 BC12 10 {BF194/5 12 | MPF104 30 | TIS43 50 | 2N3614/5180 | 25C1923 85
= . T, BC212L 12 |BF198/9 18 | MPF105 30 | T1Sa4/5 45 | 2N3663 20 | 25C1945 228
1.0.1516p; 2.2, 33 18p; 4.7. 6.8 22p 4TO0R. 1K & 2K {Linear only) 82n.100n  11p BC213 10 | 8F200 80 | MPF106 40 | TISBBA 50 | 2N3702
B3 % , /3 10 | 25C1963 80
10 28p; 16V: 2.2.33 16p; 4.7. 68. 10 Single Gang A2 e, BC213L 12 | BF224a  4c | mpsaos 30 | mseo/e1 30 | 2n370ars 10 | 25C1957 80
: 15,36p; 22 45p; 33, 47 50p; 100 5K —2M  Single GanglogB8 Lin  35p | [0 o0, g BC214 10 | BF224B 40 | MPSa08 30 | UC 65 | 2N3706/7 10 | 25C1969 180
OV: 15,22, 28p; 33,47 50p; 100 5K —2M  Single Gang DP Switch 85 | 120~ 1500 (98 8C214L 12 |BF245 50 | mPSa12 32 { vk101Q 99 | 2N3708/9 10 | 25C2028 85
80p: 8V: 100 55p. 5K — 2M  Double Gang 990 | 250 270n ‘5: 8C237/B 15 | BF256A 45 | MPSASS 30 | VN1OKM 70 | 2N3713 140 | 25C2029 200
3300 300n 209 8C2568 35 [ BF2568 SC | MPSAs6 30 | vN46aF 95 | 2N3771 179 | 25C2078 170
MYLAR FILM CAPACITORS SLIDER POTENTIOMETERS 2700\560n [ate 3%7%3 :: gl:gs;,s :g :zgno 40 vugg:f; ‘;8 mgxg 198 222;091 as
100V: 1nF. 2. 4, 4nF 10 8p; 15nF. 220 0.25W log and linear values 60mm 680n 30p 3 S Uo2 58 | VN 1 2N3 210 | 25C2314 86
30n. 40n, 4760 7p; 56n_ 1000, 200n 9p; 5K — 500K single gang 80p | 10F 34p 2u2 500 8C318 80 |BF275 55 | MPSUOS 60 | VNBIAF 120 | 2N3819 35 | 25C2166 108
50V: 470nF 12p. Graduated Bezels for above 45p CA3081 180 M(c:|303 96 | TDA2020 55 | 4298
3085 180 | MC1304P 260 191 45 74351
CERAMIC CAPACITORS S0V: PRESET POTENTIOMETERS ACCESS 8:3055 60 | mC1310P 150 a 74355
Range. 0.50F 10 10nF 4p. 15nF. 22nF 0.1W Miniature Vertical of Orders CA3089E 200 | MC1445 250 50 74366
33nF. 47nF Sp. 100nF/300V 7p. Horizonal. 100R to 4M7 8p | Just D"“"'"e Y°:' CA3090AQ 375 | MC145106 895
200nF/6V 8p. 0.25W Larger 100R 10 IM3 Horz  12p | Sv9cs {hvoudh ORI (LA 500
POLYSTYRENE CAPACITORS: 0.25W Larger 200R104M7 Veriical !19‘ ;el. 0323 50234 g:g:zg ;g mg:g: ggo
5 RO-3-2513U 650 4
J0cFftoi1nf, 8P _L56F joneneiion: 175 | saas050 875 | CA3161 180 { MC1495 350
SILVER MICA (Values in pF) Hitachi 178 | SFFa36s 800 | CA3162 525 | MC1496L 70
2.33.4.7.68.82 10.12. 15, 18, 256K 811598 175 | Spo2s6 850 { CA3189 275 | MCis96 225 | TLO7ICP
22.27.33.39. 47, 50, 56, 68. 75. 82, DRAM 8202 €25 | sPo2s6AL2 475 | HA1I36W 175 TLO72CP
b 5 I €38 2102L 160 | 8205 225 | TCJ3101) €13 | HA13B8 235 TLOT4CN
85. 100, 120, 150. 180pF  15p each 2114 215 | 8212 220 | TMS2716-3v 725 | ICL7106 875 TLO8ICP
200. 220, 250, 270. 300. 330. 360, 2764 2147 300 | 8214 495 | TMS4047 100 | ICL7107 975 TLO82CP 74C244 180
390. 470. 800, 800, 820  21p each | 250ns 2518 aso | 8216 150 | TMS4164 395 | ICL7611 99 TLOBICP 74C245 150
100, 1200, 1800. 2200 30p each | €4.25 2532 400 | 8224 300 | TMSa416-2 998 | ICL7660 248 TLOB4CN ;:c;n:og
3300, 47000F BOp 25132 450 | 8226 300 | TMSa500 €12 | ICLBO3BCC 345 TLO91CP C374 42
27128 2254 600 | 8228 310 | TMS4532:3 350 ;Et‘e,z;:)? 750 UAsZgo ;:gggigg
MINIATURE TRIMM 250ns 26501 75 | 8236 00 | TMSS100 800 | IC A 1150 UATB540
2-6:|F T;"oi: ;;,-E;.:;’;“gg’;;; €9.78 27165V 350 | 8243 290 | TMS601) 500 | ICM7215 1050 ULN2003 74C925 850
. g 27324 450 | 8250 €11 | TMS9914 895 | ICM7216AI €22 ULN2004
30p; 10-86pF 36p. 2764250 425 | 8251A 350 | TMSe927 €14 | ICM7216C €22 ULN2283
= 27C64 1000 | 8253 1370 | TMS9328 €168 | ICM7217A 750 LN2803
RESISTORS Carbon Film, miniature. Hi-S1ab. 5%. 27128-250 995 | 8255 400 | TMS9929 €18 | ICM7224 €11 JPC575
RANGE val 100°+ NEW" 256K -D” | 8256AC €15 | TMS9980 €12 | ICM7240 300 UPC1025H
0.25W 202 — 10M E24 T AAM 150NS €25 | 8257-5 400 | TMS9995 €12 | ICM7555 105 UPC1156H
et R N i 3242 675 | 8259 400 | ULN2003 75 | ICM7556 150 uPC1182
! e L4 2027 95 | 8211 €S0 | UPD7002 725 | LA3SSO 250
W 202 —10M €12 6p ap 4116:200n 125 | 8272 €15 [ wD1691  £14 | LAO3IP 340
2% Metal Film 510 — 1M E24  6p ap 4164-150n 425 | 8279 750 | wD1770 €20 A4032 295
1% Metal Film 510 — 1M E24  Sp 4p 44;6-2 ;25 8282 450 | wD21a3 850 LA‘:ZZ ggg
1 i - ? 45323 50 | e283 450 | Z8OCPU 2.5 295 | LA4
m(f;o ice applies 1o Resistors of each type not oo s 250 | 8264 550 | Zaoacrusmaso | LeT130 o
4816-100ns 200 | 8288 €11 | Z80CTC 285 | LCT120 goo
4864-15 425 | 8748 €55 | Z8002CPU 00 | LCT137 50
C UGB SIS 3 (K3 5 | 5514 250 | 87264 99 | 280ACTC 310 | LF347 150
7 Commoned (8 pins) 1000, 6800. 1K 2k2, 4KT7. | g416.150 325 | 8T27 150 | Z8B0BCPU €11 | LF35) 80
10K 47K. 100K  25p 6116L-120 350 | 8731 350 | 280 DART 850 | LF3s3 90
8 Commoned (@ pins) 1500, 1800, 2700, 3300, 1K | 6117-100n 575 | 8795 90 | Z80A DART 800 | LF355 90
2K2. K7 6KB 10K 22K 47K & 100K _28p. 61676 795 | 8T97N 90 | zsoB €8 | LF356 90 INA2TE
6264L-15 £18 | 9602 220 | ZBODMA 795 | LFas7 100 ZN428E
DIODES BRIDGE 75 SERIES [JESILE €14 | AM26LS31C 125 | ZBOADMA 925 | LF398 495 | NES532 175 | ZNa29E
RECTIFIERS 6402 350 | AM26L532A 125 | Z80PIO 250 | LM10 325 | NESS34A 180 | ZN4S9 815
6464L-15 €11 | AM26LS33 1 Z80APIO 315 | LM301A 30 | OM33! 750 | ZN1031€ 200
oy 6502CPU 325 | AM7910 €30 [ 280 SI0-1 850 | LM307 45 | AC4136D 60 | ZN1040E 665
A0V 20 65024 545 | AY-3-1015 300 | ZBOASIO €9 | LM308BT 75 | RC4558 85| ZNA234E 935
IATEoonw a5 6503 350 | Av-5-1013 300 | Z8oAsIO-2 €9 | LM311 60 | 55668 225
G 6503 850 | cpar2a 150 LM318N 150 | SAB3209 425
24150V 2 6504 600 | COMBO17 275 LM319 180 | SAB3210 325
oy MG 6504 250 850 | COMB116 700 LM324A 45 | SAB3271 485
SAa00V 42 6505 650 | D8748 €55 QENIIAUNTPMN LM3342 150 | SAB4209 585
ey | I 6505 600 | OMB13Y 275 LM3352 135 | 5G3402 295
6A/100V 83 6520P1A 175 | OPB303 450 M3 27% | SL48C 350 | 7403 25
SAS00V 98 6522viA 340 | DPB304 350 | 555Cmos 95 | LM33s 40 | Ste27ocD 150 | 7404 30
| A 6530 €11 | osaear 00 | 702 75 | LtM348 80 | SN76227M 95| 7405 30
10A/600V 206 6532RRIOT 850 | DS3601N €5 | 709C B8 pin 38 | LM339 125 | SN76477 470 | 7406 40
2547200y 240 6545ATC 899 | DSBBLS120 495 | 710 48 | LM3s8 50 | SN76488 525 | 7407 ¥
25A/600V 196 6551ACIA 650 | DS8820 110 | 7418 pin 18 | LM37 210 | SP8629 350 7409 25
Bv16a 6592 00 | DS883C 140 | 74a7C 1apin 70 | LM379 495 | SPo256AL 475 | 7470 HH
6592PC  £20 | DS8831 125 [ 748C8pomn 30 | LM380 115 | TA7120 140} 7411 28
6800 220 | Dsss32 200 [ 73sepn 185 | LM3BIN 175 ] TA7204 150 7412 25
0A202 6802 275 | €9364 800 | B1C 158 | Lm3s2 200 | TA7205 90| 7413 25
1N914 6803 850 | €9365 €26 | 9s00Cs 378 | LmM3B4 225 | TAT222 150 7414 0
IN216 6805 670 | FD1691 €15 | ADCOBOB 1000 | LM386 110 | TA7310 125 ;::g g
1N4001/2 ' 6608 520 | FD1771 €15 | Av-11320 225 | LM387 200 | TAAG61A 190 7900 4
N30T = 6809€E 880 | FD1791  £22 | Av-1-5050 99 | LM383 160 | 1AA700 275 7,57 .
1N4004/5 i 2VE T 6810 150 | FD1795 €28 | AY-1:5051 160 | LM393 8s [ Tangoo 398 | 7432 o
1N4006/T 39V 400mW 6821 150 | HD26501 75 | av-16720 210 | LM3s4CH 380 | 1aB1042 110} 7423 35
1N&148 a 8p sach 68821 220 | HDE3AOJRPEL14 | AY-3-1270 730 | LM558 170 | TAD100 189 | 742 35
idor » 5 TR goehiwBio 6840 375 | HMBB45SP 755 | AY-3-1350 350 | LM725CN 300 | TBA120S 70| 7426 40
1N5404 SV 6843 800 | IM6402 380 | AY-3-8910 150 | LM733 65 | 1Baso0 308 | 7427 5
shudi 15p esch 6845 650 | INSBOSON 1250 | Booklet fo LM1458 35 | 1aB1042 110 -I:gg s
1N5408 48 | e84as5SP 750 | MC1488 100 | Av-3-8910 150 | LM1871 300 | TADIOO 189 | 3935 4
1544 80 | g8a7 650 | MC1489 100 | AY-38912 500 | LM1889 400 | 1BA120S 70| 7433 0
15021 90 | 6850 120 | MC14411 675 | Av-5-1317A 830 | LM2907 395 | TBA20Q 200 | 7437 0
S MY 78 | 6852 250 | MC1ad12 725 | Av-5-1350 366 | LM291 325 | TBA990Q 350 | 7438 40
EA1400V 96 | @54 625 | MC3242  $90 | CAsO11 130 | LM3soo 70 | TCA2 350 | 7440 o
SA/BO0V 188 | sgms54 750 | MmC3446 250 | CA3012 175 | LM3SOSN 85 | TCA270Q 350 | 7441 0
150 | ea59 €4 | MC3447P 315 | CA3014 275 | LM3911 185 | TCA280a 220 | 7442 S
180 | ga7s 500 | MC3486 225 | Cazote 85 | LM3814 300 | TCA940 175 ;:ﬁ :o'g
36 | 68000 €30 | mCass? 225 | CA3019 90 | Lmagts 345 ] Tcases 180 | 343 e
24 | 8035 350 | 1M6402 350 | CA3020 210 | LM3916 300 | TDA1004 350 | 7446 10
29 | aosca 425 | mCe8a5 825 | CA3023 210 | LM13600 150 | TDA100B 310 | 7447 95
36 | 085 ce | mcesas @25 | CAzozBa 110 | LS7220 280 | TO/ 235 | 7448 110
32 | soasa 950 | MK3886-2M €7 | CA3035 285 | M706B1 150 | TDA1022 499 | 7450 0
VARICAPS REEESSH 38 1 ol €15 | MM5280D @98 | CA3036 270 | MS1513L 230 | TDA1024 115 | 7451 0
18A100v 103 |2N444d 130 | g123 160 | MM5303 638 | CA3043 275 | MS1515L 320 | TDA1034a 350 ;,:53 0
16A400V 475 | Mms307 1275 | CA30as 385 | MS1516L 475 | TDA1as0 350 | 7438 30
8A102 50 | 164800V 800 | MMS387A 8BS | CA3046 70 | mB3712 200 | TDA2002 325 7470 50
81058 40 | 25vs00v 750 | MMsat7a 875 | CA3059 325 | MB3756 440 | TDA2003 250 | 7472 50
B8B106 40 | 25a800v 400 | MM74co22 a20 | CA3075 213 | mC1204 250 | TDA2004 270 7473 50 | 74297
881098 45 | 72800 400 | RO-3-2513L 700 | CA3080E 70 | MC1301 90 | TDA2006 320 | 7474 as

25C2335 200
25C2547 40
25C2612 200
25D232 74

40467A 130
40468 85
40594 108
40603 110
40673 78
4087172 90

RF
CHOKES
Miniature
PCB type

1uM, u2. 447,
10u, 22u, $3u,
47y, 100u.
220w, 330u.
470u 3op

1mH. 1m5.
2m2, am7,
10mH 35p

22m, 33m,
43m 8dp.

100m 75p

»

Lot st st Lot LU sl ol v Sl s o s ol o ot ol 4
»
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SWITCHES 0IP SWITCHES VEROBOARD 0.1in | vQ Board 195p IDC CONNECTORS PANEL RELAYS
TOGGLE 2A 250V (SPST) 4 way 85p, 6 way 80p; 6 way B5p; 2% x 3% 25p DIP Board 398p METERS
SPST 35p DPDP 48p 10 way 128p (SPOT) 4 way 190p 2% 15 110p | Vero Strp 95p PCB  Plugs Female Femawe £SD Miniatute. enciosed, PCB mount.
SUB-MIN TOGGLE % 1 3% 110p with  latch Header Carc 60 x 46 2 35mm
SPST on/oft 58p ROTARY SWITCHES x5 12%p | PROTO DECs Pins  Pins Plug Edge 0-50A SINGLE POLE Changeover
SPOT c/over  84p (Adjustable Stop type) e x17 420p | Veroblock 480p Stt  Angle Conct 0-1004 RAL-91 205R Coil, 12V DC. (10V5 lo
SPDY centre ot 85p 1 pole/2 10 12 way, 2 pole/2 10 6 way. :lpole/Z -o 4% = 17 390p | S-Dec 3950 0-5004 19.5V). 104 at 30V OC of 250VAC  195p
SPDT biased both 4 way; 4 pole/2 10 3 vay Pktot 100pins 38p | Eurobreadboard 10 way 80p 98p 4Sp 120p 0-1mA
ways 108p Spot tace cutter 150p - 590p 16 way 130p 150p 110p - 0-5mA DOUBLE POLE Changeover, 6A 30V
OPDT8tags 8Op ) Pin insertion tool Bimboard 1 575p 20 way  145p 168p 12Sp 19Sp 0-10mA OC of 250V AC
DPDT centre off 88p ROTARY: Mains OP 250V 4 Amp on/oft  88p 185p | Superstnp 552 26wsv  175p 200p 1508 240p o AL100 53R Cod BV DC (5V4 10 9V9) 190p
OPOT biased both 1350p 34 way  205p 238p 160Op 320p 0-100mA ALS-117 205R Coil, 12V DC {10V to
ways 145 ROTARY: (Mak-a-switch| VERO WIRING PEN 40 way 220p 250p 180p 340p 0-500mA 19v5) 1950
DPDT 3 positions Make a multiway switch. Shating assembly + spool 380 DALO ETCH 50 way 23% 270p 200p 395p OC.ah RLB-114 740R Coil. 24V DC {22V 10
on/on/on 185p has adjustable stop Accommodates up to Soare spool 759 RESIST PEN 60 way - - 230p 495p 0.2A amw 200p
4-pole 2 way 220p 6 walers (max. 6 pole/12 way + DP swich) Combs. 8p | Plussparetio 100p 026V
Mechanism only 90p 0.50V AC
SLIDE 250V: 0,300V AC
OPOT 1A 14p FERRIC CHLORIDE ULTRASONIC EURO CONNECTCRS S ASTEC UHF Monuurons
DPDY 1A c/of 15p WAFERS: {make before break) to fil the above 1 ib bag Anhydrous TRANSDUCER . > vU" 490p each | Standard 6MHz 3a75p
OPDY %A 13p switch mechanism. 1 pole/12 way. 2 pole/6 195p + 500 pdp 40KH2 478 pr g:"g.c"""‘w K 2:;: 4 pri-4 BMMHZ 530p
way. 3poie/d way, 4 pole/ 3 way. 6p/2 Way ::p Prne. CRYSTALS
PUSHBUTTON 64 Mains DP 4A Switch to fit ® DINd1617 32.768KHZ 100
with tOmm Button Spacers 4p. Screen 8p. COPPER CLAD BOARDS 31 way 170p — = 175p 100KH2 545
SPDT tatching 150p DIN41812 200KHz 370 BUZZERS
DPDT laiching 200p Figre  Single- Double 2232448 275p 220p 285p 455KH 370 | munisture. soud-state BV:9VA 12V 70p
SPDT moment 150p ROCKER SWITCHES Qlass siged sided DINd1612 1MHZ 285
DPDT moment 200p ROCKER: 5A/250V SPST 28p 6 x6 1000 125p 223244C 295p 240p 300p 1.008M 275 | PIEZO TRANSDUCERS PB2720  70p
ROCKER. 1047250V SPDY 38p 6 x12 175p 225 DING1812 3 x 32 1.28MHz 450
Mint Non Locking ROCKER: 10A/250V DPDT ¢/olt 95p OGE A+B+C 380p 385p280p 3936 | ygmM; 200
Push 10 Make 15p ROCKER: 104,250V DPST with neon Asp CONNECTORS 1.8MHz 545
Push 1o Break  25p DIL SOCKETS 18432M 230 LOUDSPEAKERS
Low Wire 2.0MHz 225 | m 0.3w- 8
226 way - 1lp iniature, O.
DEIVASTSwitcty THUMBWHEEL Mini tront mounting swilches Prol Wiao o yireky [ 1008 QLG Nasded 24576M 200 | 2in. 3van 2%in, 3n 80p
Assoned Colours Decade Switch Module 275p 8 pin 8p 25p ilbway .+ 183 1) piy oo | S0P RIBBON CABLE 312MHz 240 2¥sin 400 6400 800 80p
75p each BC O Swilch Module 208p lapn  10p 33p 2018 way 210p 178p 16 o ddr oM prize per foot 3278M 150 | g . 4”80 200p
75 16 pin  10p 42p o8 G . Grey Color 35794M 98 | 7.5 80 225p
Mounting Cheeks {per pair} P 18 i 160 52p 2122 way 2150 250p 24 pin 88p 178p @ ‘5: 285 36864M 44 o aSRE 2500
2123 way 1750 — way a
20 pn 20p 80P 28 pin 290p 2950 | o L0 oep a0, 40MH2 150
i ! ! | ! JUMPER LEADS (Ribbon Cable Assembly) | 22 o 22p 8Sp  ira0 %) 7530 2790 400n 250p 2550 [ 6 wav 230 206 | L0 NTMH 90
Length 1apin 16pin 24 40pin | 2apn  25p 70p 0N AEO8 24 way 40p 85p 4.19430M 200 MONITORS
_—— Single ended DIP (Header Plug} Jumper 28 pin  28p 80p 2536 way 360p — 28 way 55p 80p 4.433619M 100
GAS/SMOKE 24inches 143p  18Sp 240p 380p [ 40pn 30 90p IO ED TR ZIF TEXTOOL | 3, Lol eop 88p 4508MHZ 200
DETECTORS Double ended DIP (Header Plug) Jumper DILSOCKETS | 30 %% % sop 480MHz 200 | @ ZENITH — 12" Green, Hi-
Sinones 18ep. EOOP ANT S 2akln s7o |0ty Ye0maatp; || DMLy 16D Resolution Popular €66
12 Inches  198p P P p 64 way 120p 160p 185MH2 .
165812 or 24nches  210p  3205p 345p s4op | SIL SOCKET 01 Pich 20 way 650 | Za0n  sesp 524288 390 | ® MICROVITEC 1431, 14
165813 36inches  290p 370p  480p  525p ANTEX SOLOERING IRONS 20160 ) BOMHz 140 Colour RGB input. Connecting
IDC Female Header Socket Jumper Leads 36 6144MHz 140 bie incl €165
€6 each Opin 26 pin 34 pin 40 pin Ci5w 52595 CStrw 545p ‘0 CONNECTCRS 65536MHz 225 cable .
Single enced 160p  200p  260p  300p | ClEW 560p; XS25W ';gﬂ e 18 28 a7 70MHz 150 | @ MICROVITEC 1451. 14°
Double ended 290p 370p 480p S52%p Spare Bits 85p; Elements 230p T - 7.968MHz- 200 Medi Jution €237
Iron Stand 175p; Heat Shunt  30p o Y Y 77328MHz 250 edium resolutio
Solder lugs  55p 80p 120p 150 768MHz 200 | @ KAGA 12" Med-res RGB
VOLTAGE REGULATORS SOLDEACON PINS AR 110p 175p 1285 3005 | BOMHR 150 Colour. Has flicker-tree charac-
TRANSFORMERS 14 10220 Plastic Casing Ideal for making SIL PCB pins 100p 100p 180p 250p | 8.089333m 305 t \deal for BBC, Apple. VIC
:w 3V; 6:06V; 909V; 12:0- 12V. 15:0-15V & ity e o5 or DIL Sockels ity ggg:f:M ;gg ‘:? €225 (car £7)
1309 ‘gg ;g?g sg: 7908 oo: 100 pins 4sp Solderlugs  90p 128p 180p 275p [ oonnE {90 -
b mountng R o T oAl 1Sv 7815 asp 7912 S0p ecicins 1958 Angle plns  150p 200p 260p 390p | o S SO0 | @ KAGA 12” As above but
ItSvpin Tk T ase 18V 7818  4sp 7915 5o PCBpine  100p 125p 195p 355p 10smkr 250 Hi-Resolution €310 (car £7)
. 03A  2x12V- 24y 7824 50p 7918 P 10.7MHz 50
g:l‘Aév.gznsvosk 2x9V-03A, 2212 02.2;%: 7924 50p ALUM BOXES Covers 7Sp 70p 70p B5p :gorm ;38 ® Connecting Lead tor KAGA -
d M Bobbin t 100mA TOS92 Piasfic pachage 3x221 " . 528M
h e ta IovoAA  2u12v03 sV 78L0S 30p 79LOS  SOp e A 10C 25 way ‘D" Plug 385p, So-ke1 4500 | 41431g1am 170 Carriage €7 Securicor
2015V-0 254 250p 6V 78LO6 30p ¢ 4x2%a2n 103p 150MHz 200
12VA; 2x4.5V-1.3A 2x5V-1A; 2:9V-06A. 2x12V- av  78L08  30p E 42412 105p 28 way ‘D' CONNECTOR (RS232) 160MHz 200
0.54 2x15V-04A, 2x20V-0.3A 345p {350 pdp) 12v. 78L12 309  79L12 50p 4xdx2¥ 1200 Jumper Lead Cable Assembly 18 OMH2 180
24VA: 2x6V-1,5A, 2x9V- 1.24; 2x12V-1A; 2x15V 15V TBLIS 50 79L15 680p Sxdaxiy 99p 187 long. Single end, Male 475p | 18.432M 150
0B8A. 2x20V-0.6A 385p (600 pdp) ICL7660 248p  TAA550 50p | Sa4x2w  120p 18" long, Single end, Female 510p | 19968MHz 150 -
SOVA: 256V-4A 2x9V-2 5A 211 2V-2A, 2x15V-1.5A; RC4194 375p  TDA1412 150p | 5x2%x1%°  90p 36" long. Double Ended. M/M 995p | 200MHz 200 SPECIAL
2x20V-1 2A; 2x25V-1A; 2x30V-0 8A 520960p pdp} RC4195 160p  78HOS+5V/5V550p | 5 2% x2%" 130p 36" 1ony. Double Ended. F/F €10 | 240MHz 170 OFFER”
Specially wound for Multirail computer PSUs LM309K 13%p 7emzu2v.5A Sx412 120p 36" 1ong. Double Ended. M/F 995p | 24930MHz 325
SOVA: Oulputs +5V/SA +12V, $25V, —5V. Budxd 150p 26.69M 150 = oo
~12v al 1A 820p (60p p3pI LM317K 250p 7ano +5Vio 4 2sv Pa523 180p 27648M 170
Y0OVA: 2:12V-4A, 2x15V-3A, 2x20V-2 5A LM317KP  450p 585p | 3.6x3 210p AMPHENOL PLUGS 27.145M 180 | 2764-250nS 425 415
2425V-2A 2x30V-1.5A, 2x50V-1A  985p (750 LM323K 450p 19no -225vto 10x4x3"  240p 10C  Soider | 386667M 240 | 27128-250nS 975 985
LM337 1750 -24V. SA 685p | 1027x3" 275p 24 way IEEE a8so  460p 480MH: 240 | 6116LP-120nS 325 310
PAP charge 10 be added over and above Out nor- LM723 var 30p 12x8x3 280p 36 way Centronia 450p 475p ycoomm 295 6264LP-150nS 995 965
mal posial charge 76540 225¢ 122823 299p 36 way Famale 480p 4509 116 0MHz 300
cmos i m|an COMPUTER CORNER SPECTRUM 32K UPGRADE
4 # OPTO
4075 28 | 4539 %0 Upgrade your 16K Spectrum to full 48K with our
SO0, 22| sore 68 | 4541 os | ELECTRONICS Raracey! it Fit
$oou A RAM Upgrade Kit. Very simple to fit. Fitting
4002 26 | 4077 28|} 4548 zo ® EPSONRXBO Printer €269
4006 70 | 4078 25 | 4548 40 LEDs with clips instructions supplied. _
4%7 8 | 2081 25 { 4549 400 | TIL209 10 ® EPSON RXB0 F/T Printer €219 £22
4008 8o | 4082 25 | 4553 245 | TIL21Y GAN 14 ® EPSON FX80 Printer €3%6
4009 as | 4085 60 | 4554 180 | TIL212 Yel 14 ® EPSON FX100 Printer €429
4010 a5 | 2086 60 | 4555 351 TIL220 2 Rec 12 ® KAGA/TAXAN KP810 Prinler £252
4011 2s :ggg | :3 :ggg zgg :”,‘“g;“'\ O 7 e ®  KAGA/TAXAN KP910 Printer £330
'
:g:g g: 2094 70 | 458 120 | 02 Bi colour ® BROTHER MR15 Daisywheel €329
4095 95 | 4589 398 | Red/Green 100p N
:g:; :g 4096 100 | 4560 180 | Greenrveliow 1159 Cable for above printers 10 inferface with BBC Wicro [ 24
4097 2715 | as61 1g4,1 0.20 Wi colour ® TEX EPROM ERASER — Erases up to 25 Eproms. Mas a builtin
s o | 2008 80 | 4562 350 | Red/Green/Yeliow 85 T e Ef85sh NpOESIER) v o BBC MICRO
4018 80 | 4099 110 | 4566 185 | Hi-BrighinessRert S8 A'RV 5 WORDPROCESSING
4019 58 | 4160 95 | 4568 250 | Hign-Bri Green or ® SPARE UV Lamp Buib PACKAGE
4020 a0 | 4161 96 | 4569 175 | Yel 68 ® €12 Computer CASSETTES in Library cases 3sp
4042 43 | 4162 96 | 4572 45 | Flashing ted ® 8% 8 9% Fan Fold paper (1000 sheets) €7 {Carr. 150p) . SRR 5
4021 s8 uga :: 4580 ‘:‘gg g: 'UGLED — 55 : colr‘nplel‘eﬂﬂw%r?proceszngl p:‘cka'g:"g: n.::alnﬁ\agnlar;
4174 4581 uare s, eavily modified to your requiremen i e
:3§§ 217) 4175 108 455; ‘gg 2:3.,1 vleugr N mm (Securicor Carriage charge on printers is £7) discount). We supply everything you need to get a BBC
e
soad 50| 2105 eso | sees eotleoe CALLINATOURSHOPFOR ADEMONSTRATION ON ANY OF THE ABOVE Micro running as a word-processor. Please call in for a
oee 90 | 4408 850 | 4585 70 | Red Greenor Yeilow 18 ITEMS. BE SATISFIED BEFORE YOU BUY OR WRITE IN FOR OUR demonstration.
4027 40 | 4410 728 | 4597 330 | Triangular LEDs DESCRIPTIVE MICRO PERIPHERALS LEAFLET. Example Package:
4028 50 | 4411 750 | 4599 158 | Aeq 18 BBC Micro, with DF S Interface, Wordwise, Twin 400K TEC
2029 78 | 4412 805 | 40085 90 | Green or yelow 22 Disc Drives, 12" High-res green monitor. Brother HR15
4030 35 | 4415 $90 | 40097 45 | LD271 Intra Red 48 Daisywheel printer, Beebcalc & Database sofiware cn
gy ‘29 ::;g ;gg :g?gg z:: ?-i';i".ﬁf:&lﬁ"’ ';g Disc. 103M Discs, 500 sheets of paper. 4way mans trailing
:ggg ,;g 4435 850 | 40101 130 | NIL78 Detector 55 sacket, manuals and all cables.
4038 126 | 2440 900 | 40102 140
4035 70 | 4450 360 | 40103 412 | MiL100 Only: £1,089
4036 278 | 4451 350 | 40104 120 | BARGRAPH. Red |o
4037 118 | 4490 480 | 4010 220 | segments 278
1038 7s | 4500 395 | 40106 60
2039 280 | 4501 a8 | s0107 55 ISOLATORS
4040 80 | 4502 60 | 40108 325 74 145
Boxi 57 | 4503 40 | 40108 100 | D74 145
1042 50 | 4504 99 | 40110 235 | 1LO74 , 2;;
a2 | 4505 385 | 40114 240 | TILN1v/2/4 ) ;
o 35| as0s 100 | 40161 194 [ ILCTE Dartington 135 ORIVES BBC & MICROCOMPUTER &
4045 110 | 4507 45 | 40163 751 TiLY 125 CASED with PSU & CABLES ACCESSORIES
4046 60 | 4508 130 | 40174 75 4N33 Phc!c
4047 60 | 4510 55 | 40175 75 | Darhingion 138
098 331 53|30tz 50 [ 7 segmentowpiar
‘080 3 pHH 150 | 40103 7 | TTeh 50 ® 5100 — Epson double sided 40 track 200K 5% 88C Mode! 8 Only £299
4514 115 | 40193 85 L33 3CC 120 Singe disc drive €138 _
232; 12 as1s 118 | 40194 70 | TIL321.5°CA 140 ® CS400S — Mitsubishi Double sided 40 Track 300K 5% We stock the fuil range of BBC Micro peripherals,
4053 eqf 208 mee] iy e ::t?g; fJ:C N Single drive €236 Hardware & Sottware like, Disc Drives (Top quality
:gg; :g 4518 a8 | 50245 196 | OL704 3 CC 128 ® CD400 — EPSON Double sided 40 track 400K 5% % Cumana & Mitsubishi). Diskettes. Printers, printer,
4056 8s | 4519 32 [ 40257 196 | DL707 3°CA 125 TWIN disc drives Paper, Interface Cable. Dust Covers, Cassette
4087 1000 | 4520 % | svaza B aaoy (ENDasTERed! ) 3P ® CDB0O0S — Mitsubish: double sided 80 track 80CK 5%’ Recorder & Cassettes, Monitors, Connectors (Ready
2059 a3s | 4521 115 | 40374 220 | FNDSOG 130 TWIN disc drives £29¢ 3 .
2060 e8| 4522 125 | 45106 586 GreenCA 150 & Srat J (comprehensive) (NO VAT) €1 made Cables, Plugs & Sockets), Plotter (Graphic
s081 800 | 4526 2 . b MCT e ek S A TR supply Taolet) EPROM Programmer, Lightpen Kit. Joys-
1527 85 2 1 Ae 3
e 988 | 4528 68 | OCP71 120 | 321 GieenCA 150 {0 nousejobr oRnIdiives €38 licks, Sideways ROM Board, EPROM Eraser.
4066 a5 | 4529 150 | ORP12 85 | LCD 3% Dwits 496 Mazchinecode ROM. The highly sophisticated Wat-
4067 245 | 4530 90 | ORP61 881} LCOR Digity. | 480 NBAIl single drives with power supply will be suppfied in a twin case for later ford's 16K BEEB DFS. WORDWISE, BEEB-CALC.
25 | 453t 130 | BPX2S 250 | LCO 6 Dwgits 625 5
060 25 | 4832 85 | BPW21 320 | Reflective Swiich 228 ool eeccad Dit Software (Educational Application & Games),
4070 25 | 4534 iy LGN 2 gtggss?n?:;"c::as BOOKs. etc. elc. Please send SAE for our descrip-
witch semi
aont 0 Comp's 295 N.B Carsiage on Drves £7 securicor tion leafleL I
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OVP POWER AMPLIFIER MODULES
OMP POWER AMPLIFIER MODULES towenjora

world-wide reputation for quality. retiability and performance at a realistic price. Four models
avaiabie to suit the needs of the prafessional and hobby market 1.e. Industry, Leisure
Instrumental and Hi-Fi etc. When comparing prices. NOTE all models include Toroidal
power supply, Integral heat sink, Glass fibre P.C B.. and Drive circuits 10 power compatible
Vu meter Open and short circuit proof  Supplied ready built and tested.
OMP100 Mk Il Bi-Polar Output power 110
watts RM.S. into 4 ohms, Frequency Res-
ponse 15Hz - 30KHz —3dB, TH.D. 0.01%,
SNR 118dB. Sens. for Max. output
500mV at10K, Size 360 X 115 X 72mm
PRICE £32.99 + £2.50 P&P

OMP/MF100 Mos-Fet Output power 110
watts R.M.S. into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
80, Slew Rate 45V /uS. T.H.D. Typical
0.002%. Input Sensitivity 500mV, S.N.R

125dB. Size 300 X 123 X 60mm. PRICE
£39.99 + £2.50 P&P

OMP/MF200 Mos-Fet Output power 200
watts RM.S. into 4 ohms, Frequency Res
ponse 1Hz - 100KHz —3dB. Damping Factor
250, Slew Rate 50V/uS. T.H.D. Typical
0.001%, Input Sensitivity 500mV, S.N.R

130d8. Size 300 X 150 X 100mm. PRICE
£62.99 + £3.50 P&P

OMP/MF300 Mos-Fet Output power 300
watts R.M.S. into 4 ohms, Frequency Res
ponse 1Hz - 100KHz —3dB, Damping Factor
350, Slew Rate 60V uS. T.HD. Typical
0.0008%. Input Sensitivity 500mV, S.N.R

130dB. Size 330 X 147 X 102mm. PRICE
£79.99 + £4 50 P&P

Vu METER Compatible with our four amplifiers detailed above. A
very accurate visual display employing 11 LE D diodes (7 green. 4
red) plus an additional on’ off indicator Sophisticated logic controb
ircuits for very fast nse and decay imes. Tough moulded plastic
case. with tinted acrylic front Size 84 X 27 < 45mm. PRICE £8.50
50p P&P

NOTE Mos-Fets are supphed as standara (100KHz bandwidih & Input Sensiivity 500mV) If required.
P.A version {(50KHz bandwidth & Input Senstwity 775mV). Order — Standard or P A

19" RACK CASED MOS-FET STEREO
AMPLIFIERS with twin power supplies and
L.E D. Vumeters plus X.L.R connectors.
Three models (Ratings RMS into 4 ohms)

MF200 (100 -~ 100w|£169.00 Securicor
MF400 (200 + 200w) £228.85 Delivery
MF600 (300 +~ 300w £274 8 10.0Q

LOUDSPEAKERS

5 to 15 INCH Up to 300 WATTS
R.M.S. All speakers 8 ohm

Impedence. Cabinet fix-
Disco. \

Ing In stock

S A E. for
details.

20 o2 magnet 1 ally voice coil Ground ally fixing escutcheon Res Freq 40Hz Freq Resp. 1

6KHz Sens 92dB PRICE£10 99Avaiable with black grille £11 99 P&P £1 50 ea

127 100 WATT R.M.S_ Hi-Fi/Disco

agnet. 2" ally voice col Ground ally fixing escutcheon. Die-cast chassis. White cone. Res

POWER RANGE
8" 50 WATT R.M.S. Hi-Fi

Freq
25H2. Freq Resp 10 4KHz. Sens 95d8B. PRICE £28.60 ~ £3.00 P&P ea
15”100 WATT R.M.S. Hi-Fi/Disco

50 col Ground ally fixing escutcheon Die-cast chassis. White cone. Res

0 02 magnet 2" ally v
Freq. 20Hz Freq Resp to 2.5KHz Sens. 97dB. PRICE £37.49 ~ {3.00 P&P ea

McKENZIE

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

2 ly voice Ally centre dome Res. Freq 45H2 Freq Resp 1o 6.5KHz Sens 98d8B. PRICE £24.99
£3 00 P&P ea

127 85 WATT R.M.S. C1285TC P.A./Disco 2" ally voice coil. Twin cone

Res Freq 45H: Freq Resp to 14KHz PRICE £24 99 - £3.00 PA&P ea

15° 150 WATT RM S C15 Bass Guitar/Disco

3" allyvoice Die-castichassis Res Freq 40Hz Freq Resp 104KHz PRICE £49 99 < £4 QOP&P ea

WEM

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

17 voice Res Freq 52Mz Freq Resp to 5KMz. Sens B9dB PRICE £20.00 - £1.50 P&P ea
8 |50 WATT R M.S. Multiple Array Disco etc,

] ce Res Freq 48Hz Freq Resp. to 5KHz Sens 92dB. PRICE £27.00 ~ £1 50 P&P ea
'IO 300 wA‘lT R.M.S. Disco/Sound re-enforcement stc

1 Res Freq. 35H:z Freq Resp 10 4KHz Q-'\s 92dB. PRICE £30 00 + £2.00 P&P ea
1 300 WAT! R.M.S. Disco. Sound re-enforcement et
1 Res Freo 35H2 Freq Resp 1o 4KH2 Sens 94d8 PRICE £38 00 - £3 00 P&P ea

SOUNDLAB (Full Range Twin Cone}
5" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc
1" voice coil Res Freq. 63Hz Freq Resp to 20KHz. Sens 86dB. PRICE £9.99 -- £1 00 P&P ea.
6 60 WATT R.M.S. Hi-Fi "Multiple Array Disco etc

ce col Res Freq 56Mz Freq Resp to 20KHz Sens 89dB. PRICE £10.99+ £1 50 P&P ea
8 60 WATT R M.S, Hi-Fi Multiple Array Disco etc

voice Freq 38Hz Freq Resp 10 20KH2 Sens. B9dB PRICE £12 99 - £1 50 P&P ea
HOBBY KITS. Proven designs including glass
P A ?E@ fibre printed circuit board and high quality
components complete with instructions.
FM MICROTRANSMITTER (BUG) 390/105MH:z with very sensitive
microphone. Range 100/300 metres. 57 x 46 x 14mm (9 voit)
Price: £8.62 + 75p P&P.
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controfled
professional performance. Range up to 3 miles 35 x 84 x 12mm
{12 voit} Price: £13.74 + 75p P&P
SINGLE CHANNEL RADK) CONTROLLED TRANSMITTER/
RECEIVER 27MHz. Range up !0 500 metres. Double coded moduistion.
Receiver outputl operates retay with 2amp/240 volt contacts. Ideal for
many applications. Receiver 30 x 70 x 22mm (9/12 volt). Price:
€17.82. Transmitter 80 x 50 x 15mm (9/12 volt). Price: £€11.27
P&P + 75p each. S.A E. for complete list
— i
VISA

LAY
3watt FM
ner

rans

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

* PRICES INCLUDE V.A.T. »* PROMPT DELIVERIES = FRIENDLY
SERVICE » LARGE S.A.E. 28p STAMP FOR RRENT

BURGLAR ALARNV IDZAL for Work-

Belter to be ‘Alarmed’ then lerrified shops, Factories,
Thandar's famous ‘Minder Burglar Alarm System. (Offices, Home
Superior microwave principle. Supplied as three units, etz. Su lied
complete with nterconnection cable. FULLY - pp

GUARANTEED. ready built
Control Unit — Houses microwave 1adar unit. range
up 1o 15 melres adjustable by sensitivity control

Three position. key operated facia switch — off — test
armed 30 second exit and entry delay
Indoor alarm Electromc swept treq. siren

104dB output

Outdoor Alarm — Electronic swept freq. siren. 38dB
output. Housed In a tamper-proof heavy duty metal
case.

Both the control unit and outdoor alarm confain re
chargeable batteries which provide full protection
durning mains falure. Power requirement 200/260 Volt
AC 50/60Hz_E=xpandable with door sensors. pamc
buttons etc Complete with instructions

SAVE £148.00 usual Price £228 85
BKE's PRICE £79.99 + £4.00 P&P

? Why buy a collection of self assembly boards|

OMP LINNET LOUDSPEAKERS

The very best in quality and value. Made specially 1o su't todays
need for compactness with high sound output levels. Fimished in
hard wearing black vynide with protective corners. grille and carry
handle. All models 8 ohms. Full Range 45Hz - 20KH2z

OMP 12/100 watts 20" X 15" X 12" £125.00 per pair

OMP 107200 watts i8" < 15 11" £145.00 per pair

OMP 12/ 300 watts 20" X 15" X 11" £169.00 per par

Delivery: Securicor £8.00 per pair

1 K-WATT
SLIDE DIMMER

*» Control loads up
10 1Kw

» Compact Size

4: 1 2

STEREO CASSETTE DECK

STEREO CASSETTE DECK
Ideal for installing into Disco
and Hi-Fi cabinet/Consoles
Surface mounting {(Horizon
tal). Supplied as one unit with
all electronics including
mains power supply

« Metal top panel Black finish
= Piano type keys including
pause

* Normal
switch

* Twin Vu Meters

* 3 Digit counter

fll » Slider Record Level control
Size 171 X 317 mm Depth
110 mm

PRICE £35.99 ~ £3.00 P&P,

+ Easy snap in fix
1ng through panel

cabinet cut out

* Insulated plastic
case

» Full wave con

trol using 8 amp
1nac

* Conforms

Chrome tape o

BS800

* Suttable for both resist
ance and inductive loads. In
numerable applications in
industry, the home, and
disco’s. theatres etc
PRICE £12 99 - 75p P&P
{Any quanuty)

BSR P295 ELECTRONIC TURNTABLE

» Electronic speed control 45 & 33'5rp.m « Plus
Minus vanable pitch control » Bell driven « Alu
mimum platier with strobed rim » Cue lever » Anty
skate (bias device} * Adjustable counter balance «
Manual arm s Standard cartrige fixings «
Supphied complete with cut out template » D.C
Operation 9-14v D.C 65mA

Price £36.99 — £3.00 P&P

ADC Q4 mag. cartridge for ahove. Price £4.99 ea. P&P 50p

PIEZO ELECTRIC TWEETERS MOTOROLA
Join the Piezo revolution. The low dynamic mass {no voice coil) of a Plezo tweeter produces an
improved transient response with a lower distortion level than ordina’y dynamic tweeters As a

rossover is not required these units can be added to existing speaker systems of up to 100 wants
(more it 2 put in series). FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER

TYPE ‘A’ (KSN2036A) 3" roundwith protective wire
mesh, «deal for bookshell and medium sized Hi-f
& speakers Price £5.39 each + 40p P&P
~) 8 TYPE ‘B (KSN1005A) 3'." super horn. For general
- purpose speakers. disco and P A systems etc. Price
£5.99 each - 40p P&P
TYPE 'C’ (KSN6016A) 2 wide dispersion
horn For quality Hi-fi systems and quality discos eic
Price £6.99 each r 40p P&P
TYPE 'D’ (KSN1025A) 2 6~ wide dispersion
horn Upper frequency response retained extending
down to mid range (2KHz) Suitable for high quahty

- Hi-fi systems and quality discos. Price £9.99 each
1 40p P&P
\ TYPE 'E' (KSN1038A) 3%, horn tweeter with

attractive silver finish trim Suitable for Hi-fi monitor
systems etc Price £5.99 each = 40p P&P

LEVEL CONTROL Combines on a recessed mount-
“ng plate, level conirol and cabinet input jack socket
85 « 85 mm Price £3.99 + 40p P&P

STEREO DISCO MIXER

STEREO DISCO MIXER with 2 < S5bandlL. &
R graphic equalisers and twin 10 segment
LE.D VuMeters. Many outstanding features
5 Inputs with ndividual faders providing a
useful combination of the following

3 Turntables {Mag), 3 Mics, 4 Line plus Mic
with talk over switch Headphone Monitor
Pan Pot L. & R Master Output controls. Qut
put 775mvV Size 360 ~ 280 ~ 90mm

Price £134.99 — £3.00 P&P

B. K. ELEGTRONICS

UNIT 5, COMET WAY, SOUTHEND-ON-SEA,
ESSEX. §S2 6TR TEL: 0702-527572
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DIGEST

New
Single-Chip
Micro-
computers

H itachi have developed two 8-
bit, CMOS, single-chip micro-
computers. Theyareintended for
use in low-end control applica-
tions and one includes integral
EPROM to facilitate product
development and low-volume
production.

The HD6305Vand HD63705V
are available in 1.0, 1.5 and 2.0
MHz versions and have identical
functions except that the
HD63705V incorporates 4K of
on-chip EPROM. They feature 4K
of ROM, 192 bytes of RAM, 31
input/output ports and are com-

patible with the HD6305 family.
Other features include an 8-bit
timer with a 7-bit pre-scaler,a 15-
bit timer which can also be used
as a clock divider for serial com-
munications interfacing and a
synchronous serial communica-
tions interface. Typical power
consumptions are 25mW in oper-
ation, 10mWw in WAIT mode and
10uW in STOP And STANDBY
modes. They are available in
JEDEC-standard 40-pin DIL pack-
ags or in 54-pin flat packages.

The HD63705V has a window
for ultra-violet erasing and uses
12.5V for programming, Hitachi
expect it to find applications in
development and initial produc-
tion, allowing early samples of
equipment to be produced with-
out waiting for the permanent
ROM to be prepared.

The HD6305V is available now
and the HD63705V should be
available from May.

Just When You Thought It Was
Safe To Open The Magazine Again . ..

ETI presentsanotherin its series of cut-out-and-throw-away horror pics
for the serious collector. Pictured above after yet another attempt to
tidyhis desk is former ET1 editor Dave Bradshaw. Thankfully, Daveis still
with us having been promoted to Group Editor. And the desk? Well,
that’s still around too and looking a lot tidier these days.

ETI JUNE 1985
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Uninterruptible Power Supply
For Microcomputers

alatrek have introduced a

range of low cost Uninter-
ruptible Power Supply (UPS)
units which have been specially
designed for the smaller and
multiple micro-computer user at
a price in proportion to the hard-
ware. Three versions are avail-
able for 120, 250 and 500 VA out-
puts, and the prices start at
£531.00.

The TST Range of UPS units
can handle input voltage swings
of +/- 15% and still maintain a
stablilised, transient free output
voltage, held within +/-5% on
combined line and load vana-
tions. The wave form distortion is
less than 5% and back-up power
from the integral maintenance-
free, lead acid batteries is nor-
mally a 20 minute cycle. How-
ever, simply by adding extra bat-
tery packs, the cycle can be
extended to 24 hours and more if

required.

The series offers complete
user flexibility which includes
extending the frequency of the
standard models from 50 HZ to
60 Hz or changing the 220/230
and 240 voltage of the standard
range to 110 volts. A further
special version is available which
has an input voltage window
variation in the range +15% to
-30%.

The controls include a cancel
switch for mains faulure alarm
and a manual by-pass switch for
coping with high start-up loads.
The battery discharge condition
is indicated by an audible alarm
and visual display which oper-
ates two minutes prior to dis-
charge condition and shutdown.

Galatrek International Ltd,
Scotland  Street, Llanrwst,
Gwynedd, North Wales LL26
OAL, tel: 0492-640311.

@® Weald Electronics produce a
range of specialist connectors
which includes the BA, D2, SM,
SMA, SMC and SREC series,
along with the necessary
assembly tools. The range is
described in a sixteen page A4
illustrated catalogue which is
available from their UK distribu-
tors, F.C. lane (Components)
ltd, Slinfold Lodge, Horsham,
West Sussex RH13 7RN, tel
0403-790200.

O As from May of this year, the
Health and Safety Executive will
be making their database avail-
able to computer users in hour-
long links via the services of
Pergamon Infoline. The database
contains information on indus-
trial noise regulations, handling

of hazardous substances and over
6,000 other factors relating to
work-place health and safety and
thelink-upisfree. For details con-
tact Pergamon Infoline Ltd, 12
Vandy Street, London EC2A 2DE,
tel 01-377 4050.

@® Canford Audio supply a wide
range of mail order audio equip-
ment, from tape recorders,
mixers and amplifiers down
to audio connectors, audio
modules, rack-mounting and
other cases, audio transformers,
linear faders and cables. Their 72
page catalogue is available from
the head office, Canford Audio
Ltd, Stargate Works, Ryton, Tyne
& Wear NE40 3EX, tel 091-413
7171,



RECHARGEABLE BATTERIES

Dry Fit Maintenance FREE by Sonnenschein.

A300 07191315 12v 3 AH same as RS 591-770 NEW

£13.95 A300 07191202 6-0-6 1.8 AH same as RS 581

382 EX EQUIP £4.99 Minlature PCB mount 3.6v 100

Mah as RS 591-477 NEW €1.00 SAFT VR2C 12v C"

size NICADS in 18 celi ex equigmem pack Good condition
easily split to single cells €10.50 + pp £1.90

EX-STOCK INTEGRATED CIRCUITS

2732 ex equip £3.25, 27128 - 250ns NEW £12.00.
6116-200 £4.50.6116-250 £3.95

6264LP-150 £22.00. 4164-200 23‘.50, 4864-150£4.00,

4116-300,€1.20,2114 €1.75. 6800£2,50, 6821 €1.00,
6BA09 £8.00, 68B09 £10.00, 68BOJE £14.50,
DB0O85AH-2 £12.00, 08086 £20.00, ZBOA £2.99.

HOT LINE DATA BASE

ISTELO

THE ORIGINAL FREE OF CHARGE dial up data base
1000's of stock items and one oft bargains.

ON LINE NOW - 300 baud, tull duplex CCITT tones. 8 bit
word. no parity i

MAINS FILTERS

ure those unnerving hang ups and data ghtches caused
by mains interference
SO5A As recommended by ZXB1 news letter. matchbox
s1ize up to 1000 watt load £S.98
L2127 compact completely cased unit with 3 pin fitted
sncket Up 1o 750 walts £9.99

1000’s OF
BARGAINS -
FOR CALLERS

Anderson Jacobson
AJB10 VIDEO
DISPLAY TERMINAL

Made by one of the USA's
lar?‘esl peripheral manufacturers
the AJ510 Protessional VDU
terminal has too many
features to include in space
available - just a few are:
internal Z80 cpu control, very
readable 15" non glare green
screen, 24 lines by 80 characters,
128 ASCIl character set with lower

case and graphics, standard RS232 interface, Cursor
addressing, numeric key pad etc. Supplied in good
TESTED second hand condition with tull manual

\ £225.00 + carr £10.00. Data sheet on request.

oon you COOLING YANS Y2 Major company’s over production problems, and a special

with our range of BRAND NEW professional
cooling tans.

ETRI $OXUVOL Dim 92 x 92 x 25 mm
Minature 240 v equipment fan complete with

finger guard £9.95,
('BU JB-3AR Oim 3" x 3" x 2.5 compact

BULK PURCHASE enable TWO outstanding offers.

seet. . on.| COOLOUR MONITOR SPECIALS

-
Q

g

BUMLER 60.11.22. 8-16 v DC micro
miniature reversible fan Uses a brushiess
servo motor for extremely high air flow,
simoat silent running and guaranteed 10,000
fr hite Moasures only 62 x 62 x 22 mm
Current cost £32.00. OUR PRICE ONLY
€12.95 compiete with data.
MUFFIN-CENTAUR stancard 4" x 4" x 1.25
fan suppiied tested EX EQUIPMENT 240 v at
£6.25 or 110 v at £4.95 or BRAND NEW 240v
at £10.50. 1000's ot other fans Ex Stock

all for Details Post & Packing on all fans £1.6Q

BUDGET RANGE
VIDEO MONITORS

At a price YOU can aftord, our range of EX
QlﬁPM ENT video monitors defy
ompetitlon" Atl are for 240v working with
tandard composite video input. Units are

pre tested and set for up to 80 cot use on

BBC micro. Even where MINOR screen

burns MAY exist ~ normat data displays are

naffected
1000's SOLD TO DATE

12" KGM 320-321, high bandwidth input
will disptay up 1o 132 columns x 25 tines
Housed in attractive tully enclused
brushed allov case. B/W onty £32. 95
24" KGM large screen btack & white
monitor fulty enclosed in light alloy case

GNLYE55.86 Carriage £10.00

include PIL tube, Matchin
Separate Contrast and Br
Separate Colour and au

‘SYSTEM ALPHA’ 14" 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 types of video input, RGB and PAL Composite Video,
allow direct connection to most makes of micro computers and VCR's. An internal
speaker and audio amptifiar may be connected to your system's output or direct to
a VCR machine, giving superior colour and sound quallty. Many other features
BBC case colour, Major controls on front panel,
ness - even in RGB mode, Two types of audio input
e C dio controls for Composite Video input, BNC plug for
composite input, 15 way ‘D’ plug for RGB input, modular construction etc. etc.

This must be ONE OF THE YEAR'S BEST BUYSI!!

Swpplled BRAND NEW and BOXED, complete with DATA and 90 day guarantee.
SUPPLIED BELOW ACTUAL COST - ONLY £149.00 + Carr

DECCA RGB 80-1D0 Monitor.

Little or hardly used mznufacturers surplus enables u$ to offer this special
converted DECCA RGB Colour Video TV Monitor at a super low price o only
£99.00, a price for a colour monitor as yet unheard of!! Our own interface, safety
modilfication and special 16" high definition PiL tube, combine with the trled and
tested DECCA 80/100 series chassis to give 80 column definition and picture
aualit found only on monitors costlna. TIMES OUR PRICE. In fact, WE

is pr

UARANTEE you will be delighted with t

oduct, the quality for the price has to

be seen to be belleved. Supplied complete and rea%o plug directo to a BBC

MICRO computer or any other system with a TTL

B output. Other features

include internal audio amp and speaker, Modular construction, auto de&aussin

34 H x 24 D, 90 day guarantee. Supplied In EXCELLENT condition, ONL

€99,

+ Carr. Also available UN-MODIFIED but complete with MOD DATA. Only £75.00
Carriage and Insurance on monitors £10.00

DATA MODEMS Another GIGANTIC purchase of these EX BRITISH TELECOM, BRAND
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 £28.95 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!

W“ . @ CALL, ANSWER and AUTO modes
- & @ Standard RS$232 serial intenace

Join the communications revolution with
our super range ot DATA MODEMS with
prices and types 10 suit all applications
and budgets"

Most modems are EX BRITISH
TELECOM and are made to the highest

standard tor continuous use and reliability i@ 300 baud full duplex
® Full remote control
modems, so will connect to ANY micro etc.ll@ CCITT tone standards

@ Supplied with full data
® Modular construction v ] L
this ad ® Direct isolated connection "

Order now - while stocks last. Carriage and Ins. £10.00

SUPER PRINTER SCOOP

RS232 intertaces are standard to all our

with an RS232 serial interface.
DATEL 2B see SPECIAL OFFER centre of

MODEM 13A. 300 baud. Compact unit only
2" high and same size as telephone base
Standard CCITT tones. CALL mode onl!
Tested with data. ONLY £45.00 + PP £4.5
MODEM 20-1, 75-1200 baud. Compact unit
for use as subscriber end 1o PRESTEL
MICRONET or TELECOM GOLD. Tested with
data. £39.95 + PP £6.50

MOOEM 20-2. same as 20-1 but 1200-75
baud £99.00.

TRANSDATA 307A 300 baud acoustic
coupler. Brand new with RS§232 interface
ONLY £49.95

OACOM OSL2123 Multi Standard Modem
switchable CCITT or USA BELL 103 standard
V21 300-300. V23 75-1200. V23 1200-75 or
1200-1200 half duplex.

Auto answer via MODEM or CPU. CALL or
ANSWER modes pius LED status indication.
Om25 x85 x9 BRAND NEW tuily

\
-
r

AVE
—=£250

EICENTRONIC
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Now ONLY 2> @ Built in test switching
& £29.95 A ® 240v Mains operation
@ 1 year full guarantee

® Just 2 wires to comms llne

EX STOCK

DEC CORNER

POP 1140 System comprising of CPU.
124K memory + MMU 16 line RS232
nterface. RPO2 40 MB hard disk drive.
TU10 9 track 800 BPI Mag tape drive. dual
rack system. V152 VDU etc. etc. Tested
and running £3750.00
BA11-MB 3.5" Box. PSU,LTC  £385.00
DH11-AD 16 x RS232 DMA

interface £2100.00
DLV11-J 4 x EIA interface £310.00
DLVII-E Serial. Modem support  £200.00
DUP11 Sych Serial data i/o £650.00

BRAND NEW
739-2

much more. Available ONLY from DISPLA

lor WORD PROCE SSO!

g\q DRAGON or CENTRONICS 36 wa

o ) Carrigae ang ins £10.00 + VAT

The “Do Everythung Printer at a
NEVER be repeated Standard C
paralie! mtertace for direct cannection to BBC,

ORIC, ORAGON etc. Superd pnni qual
gm addressatie graphics and 4 type fonts pius

MIGH DEFINITION internai PROPORTIONAL SPACED
MOOE f A arphications 80132
columns, single sheet, sprocket or roll pay

ce that will
NTRONICS

r handling plus
ELECTRONICS
¥ at the nidiculous price of SWLP £/99.08 + VAT Compiate with
O'L full manual etc. Limited auantity ~Husry while stochs (ast,

Options interface cable (specty) tor BBC. ORIC,
£1250 Spare nbbon
£3.50 each BBC graphics screen dump utibty program €8 60.

0Q200 Dilog it RK

rolier £495,00
DZ11-B 8 line RS232 mux board £650.00°
KDF11-B M8189 PDP 1123+ £1100.00
LA36 Decwriter EIA or 20 ma loop £270.00
LAX34-AL LA34 tractor teed £85.00
MS11-JP Unibus 32 kb Ram £80.00
with fukl MS11-LB Unibus 128 kb Ram £450.00
MS11-LD Unibus 256 kb Ram  £850.00
MSC4804 Qbus (Equiv MSV11:L)

256 kb £499.00
PDP11/05 Cpu. Ram, i/0. etc £450.00
PDP11/40 Cpu. 124k MMU £1850.00
RT11 ver. 3B documentation kit  £70.00
RKO05-J 2.5 Mb disk drives £650.00

£175.00

varanteed ONLY £268.00 + PP £4,50.

ATEL 2412 Made by SE LABS for BT this
two part unit is Jor synchronious data links at
1200 or 2400 baud using 2780/3780
protocol. Many features include Auto answer.

HUNDREDS OF PRINTERS
EX STOCK FROM £49.00. cail Sales Office for Details.

KLBJA PDP 8 async i/0
MIBE PDP 8 Bootsirap option £75.00
VT50 VDU and Keyboard

current loop
VT52 vDU with Rt

£175.00
2 interface  £250.00

2 of 4 wire working etc. etc. COST OVER
£800. OUR PRICE £185.00.
OATEL 4800. RACAL MPS4BOO high speed

1 only large CALCOMP 1036 AO 3 pen drum plotter and

1000's of EX STOCK spares tor DEC
POP8. PDPBA, PDP11 systems &
peripherals. Call tor details. Ait types ot

P good condition £285.00 CARR £10.00 offine 915 magtape controller. Good working order.

ADD VAT TO ALL PRICES £2500.00.

> % ooo e ] I prices quoted are for UK. Mainland, paid cash with order i Pounds Sterling PLUS VAT. Minimum order value £2.00
: ! '... H LI Minimum Credit Card order£10.00. Minlmum BONAFIDE account orders fron Government Depts. Schools. Universities and
( . . : i' 2 ’ ‘ established companies £20.00. Where post and packing not sndicated 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
Nl - E
,l ":" 32 Biggin Way, Upper Norwood, London SE19 3XF
L 27 Telephone 01-679 4414 Telex 894502 Data 01-679 1888 <%

Computer equipment and spares wanted
for PROMPT CASH PAYMENT.

O CrToiring
L INLH
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@ International Rectifier have
broughtoutaneweditionof their
power semiconductor product
guideand data book. Itincludesa
JEDEC/alpha-numeric index and
covers thyristors, rectifiers and
Schottky devices of up to 300A
rating. Contact International
Rectifier, Hurst Green, Oxted,
Surrey RH8 9BB, tel 988-3215.

® Yes, Prime have moved to the
middle of Nowhere (popularly
known as Milton Keynes). The
latest in a long line of companies
who have decided to set up in the
Land of the Concrete Cows, Prime
will be spending £6 million on a
new research and development
centre which will bring 200 jobs
to the city when it opens in 1988.

® Marathon Batteries Ltd have
produced a small colour bro-
chure describing their range of
rechargeable  nickel-cadmium
cells. The capacities available
range from 0.1 to 7 ampere hours
andthe brochure gives full details
of their technical characteristics,
construction  and charge/
discharge performance. For afree
copy contact John Rich at Mara-
thon Batteries Ltd, Union Street,
Redditch, Worcestershire B98
7BW, tel 0527-62351.

® The Data Protection Registrar
has published a 36 page, AS
booklet which provides an
introduction and guide to the
workings of the 1984 Data Pro-
tection Act. The first of a series of
guidelines, it is intended to help
those covered by the Act to
assessitsimplications. Copies are
available from the Office of the
Data  Protection  Registrar,
Springfield House, Water Lane,
Wilmslow, Cheshire SK9 5AX, tel
0625-535777.

® Citec Ltd have produced a
brochure which outlines the
potential uses of cermet and
polymer thick film technologies.
lt describes some of the work of
the company in applying these
technologiestoadiverse range of
problems, and copies can be
obtained from the Product
Manager, Special Products
Group, BICC-Citetc Ltd, Cheney
Manor, Swindon, Wiltshire
SN2 2PZ, tel 0793-487301.

® Over half of the workforce of
Factron Schiumberger are giving
up a day’s holiday entitlement in
aid of Ethiopia. The company,
which makes test equipment and
information management systems,
employs over 400 staff at its
headquarters in Dorset and the
£5,000 raised will be used by
Oxfam in Ethiopia, Sudan and
Mali.
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A, A, What's
going in
'Ere Then?

W est Hyde Developments
have added two new de-
signs to their range of small cases,
one intended for hand-held
application and the other for por-
table or bench-top equipment.
The hand-held case incorporates
a compartment for AA or PP3
batteries.

The Novara case comes in
three sizes, all designed to fit
comfortably into the hand. It is
moulded from black ABS in two
halves held together with self-
tapping screws, and has an

aluminium front panel recessed
into the moulding. The two larger
sizes are available with an
optional battery compartment
which accepts either one PP3
battery or two AA cells.

The smallest Novara case
measures 145 x 85 x 25mm and
costs £5.98, the next size up
measures 145 x 85 x 31mm and
costs £6.80 or £6.96 with the
optional battery comparment,
and thelargest size measures 145
x85x37andcosts£7.610r£7.78
with a battery compartiment. All
prices exclude VAT,

The bench-top case is called
the Verona and is available in six
sizes. It is moulded from either
black or grey ABS in two halves
which incorporate bosses to

support a board or chassis as well
as slots to support PCBs ver-
tically. The front and back panels
are of aluminium and slot into
recessed grooves.

The Verona comes in two stan-
dard width/depth combinations,
each of whichis availablein three
heights. The smaller sizes
measure 134 x 129mm and are
either47,54 or61mm high, while
the larger sizes measure 173 x
154mm and come in the same
range of heights. Prices range
from £3.60 to £6.22, excluding
VAT.

WestHyde Developments Ltd,
Unit 9, Park Street Industrial

Estate, Aylesbury, Buc-
kinghamshire HP20 1ET, tel
0296-20441.

Fast 8-Bit
A/D Converter

S iemens have introduced an
eight-bit analogue-to-digital
converter which has a conversion
time of just 10ns. The new IC will
allow full 8-bit conversion at
100MHz, a task which previously
required four ICs and used twice
as much power.

The SDA 8010 replaces the
earlier six-bit SDA 5200 and dissi-
pates just one watt, compared
with two watts for four SDA 5200s
to achieve the same speed and
word length. A complementary
digital-to-analogue  converter
designated the SDA 8005 is also
available and is a mirror image of
the SDA 8010. The SDA 8005 can
operate at up to 150MHz and
both devices are compatible with
ECL (emitter coupled logic). The
SDA 8010 comes in a 24-pin DIl
ceramic package.
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Siemens suggest applications
for the new ICs in instrumenta-
tion, image processing and medi-
cal equipment including digital
oscilloscopes, transient recor-
ders, diagnostic equipment,
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radar equipment and highresolu-
tion graphic systems. Siemens
Ltd, Siemens House, Windmill
Road, Sunbury-on-Thames, Mid-
dlesex TW16 7HS, tel 09327-’
85691,

9



TRapid

MAIL ORDERS:
Unit 1, Hill Farm Industrial Estate

—
o= ]
ACCESS AND

Boxted, Colchester, Essex CO4 5RD.
- - : 1
- Tel. Orders: Colchester (0206) 36412. BARCLAYCARD
v Telex: 987756. WELCOME
MIN. D CONNECTORS SOLDERING IRONS CABLES HAROWA CAPACITORS
9way 15 way 25 way 37 way 20 metre pack single core connedy- | PP3 béttery clips 8 | Polyester, eads. 250v. C280
;mg: tolderlugs 55p 66p 90p  150p Antex CS 17W Soldering iron 430 ing cable ten am.'um colours. 75p § Red or black crocodiie clips 6 I type: o.o'|, 0.015, 0.622, 0.033 -
ight angle 90p 135 200p  350p 2.3 and 4.7mm bits to sult 85 Spesker cable 10e/m | Black pointer control knob . 15 | 6p; 0.047, 0.068, 0.1 - 7p: 0.15
Sockets solderiug 80p 100p Antex XS 25W sotdering iron ‘R30 Standard screened 16¢/m Pr Ultrasonic transducers 390 §0,22-90:0.33,0.47 - 13p; 0.68 -
Right angte 120p 180p 3.3 and 4.7mm bits 1o suit 85 Twin screened 2apim P6V Electronic buzzer 65 § 200; 1u - 23p.
Covers 100p 90p Solder pump desoldering tool 480 2.5A 3 core mains 23p/m | P12V Electronic buzzer 70 | Elnctrolytic, radiel or axisl teads:
Spare nozzle for above 70 10 way rainbow ribbon  26p/ft | PPB2720 Piezo transducer . 75 §0.47/63V, 1763V, 2.2/63V, 4.7/63V,
CONNECTOR 10 metres 22 swy solder 100 20 way rainbow ribbon  47p/tt | PBA4mm 64 ohm spesker 7C §10/25V - Tp; 22/25V, 47/25V - 8o:
E S 0.5kg 22 swy solder 750 10 way gery ribbon 14p/1r | P64mm B ohm speaker 70 §100/25V - 9p: 220/25V - 14p;
OIN  Plug Skt Jack  Ptug Skt Brand new Hitachi product. deal 20 way grey ribbon 28p/1t 20mm panel fuseholdar 25 §470/25V - 22p; 1000/25V - 30p;
2pin 9 9p 2.5mm 10p 10p for use with the BBC Micro. Plea dRed or bl.fk Ipvobe clip gg 2200/25V - 50p.
3pin 120 10p 3.5mm 9p Gp note this price 15 not 8 misprintit Enm tsiminak. Tag end power supply eisctroiytics:
Spin 13p 11p Standerd16p 20p S REGULATORS 'ﬁ'fxi:"gw"ﬂ; blockor 423 |2200/40V - 1100; 4700740V - 1600
Phono 10p 12p Stereo 24p 25p Vazab) 198 altrsminaBar12vie) 2200/63V - 140p; 4700/63V - 230p
imm 12p 13p amm 180 17p | IMAGARIASALALZAN] i e 78L05 30 79L05 45 | ditto, but OPOT 195 J Polyester, ministure Siemens PCB:
UMF (C8} Connectors. VA PCB Mountin 25x1 ¥ i 26 78L12 30 79L12 45 1n,2n2,3n3,4n7,6n8, 10n, 15n, 7p;
PL259 Plug 40p. Reducer 14p, 2x6V@0 25A'2:9‘?@0 15A 25x3.75 95 78L15 30 79L15 45 EURO CONNECTORS 22n,33n,47n,68n, 80; 100n, 9p;
S0239 square chassis skt 38p. 2%12V@0.12A2x15V@0 14180 | 3.76x 6 120 7805 40 7905 45 1 Goid flashed 150n, 11p; 220n, 13p;330n, 20p;
5$0239S round chassis skt 40p. = i 375x 17 350 7812 40 7912 45 Eommcte R, angie Wirewran § 4700 26p;680n, 29p; W 33p;
1EC 3 pin 250V/6A. 6VA PCB Mounting 275%17 255 7815 45 7915 N : plug socket
Plug chassis mounting 380 | 2x6V@0.5A2x9V@0.4A o onta 10 J§ tM3176 270 LM723 40 f Sdway AsB 195 230 Tentalum besq:
Socket free hanging 60p | 2x12V@0.3A:2x16V@0.25A42700 | o ooin oo 100 LMIIIT 20 7BHOS 650 J 80 ey :"&c g;g g;g 0.1,0.22,0.33, 047, 1.0 @ 36V
SOCHES VAt 217 gad 1200 § g1ordard, Chassls Mounting Single sided 55 I LM323K 420 120.2.2,4.7,10 @ 25V - 20p;
6VA: 2x8V@0.5A; 2x9V@0.4A Double sided 65 400V 8A 65 16/16V - 30p; 22116V - 27p;33/
2x12V@0.3A;2x15V@0.26A 240p § Spot face cutter 145 TRIACS [pbetviel as | 16V - 450, 47/8V - 27p; 47116V
SWITCHES Pin Insertion tool 185 m 400V 4A 50 BR10O g | 7997 68/6V - 400, 100/10V - 90p.
Submin toggle J2VA: 2x6V@IA: 2:9V&0.6A Wiring pen 375 »1N4OOT 3 Car. disc. 225-0.0%u 50V, 3p each.
SPST 550, SPOT 60p. DPOT 650, || 2X15V@0.4A2x20V@0.34 3500 | soareooot 750  Combs 5| [BFTE 2 et tEEX *B:E * X KK E Mullsrd miniature cersmic plate:
Miniature toggle: NEW 1985 CATALOGUE ] 1.80F to 1000F 6p esch.
SPOT 80p. SPOT centre off 90p. BET 200 e o Bool [ E0r 8 MR 7 Our new Tully {llustrs” | Polystyrene, 5% tol: 10p-1000p, 60
DPDT 90p. DPDT centre off 100p. MICRO 27128-250 750 INB404 16 ted 50 page detailed | 1500-4700, 806800 0.012u, 10p.
Standard toggle: 6116P3 390 6802 = gggf ?}g g:ggg o INeios 17 information on over  l Trimmers. Mullard 808 serles: 2-10
SPST 350. DPDT48p 2716 3901 S2B4P15 2250 6809 : oaph | oo aol | (5 3000 product lines st § pF, 22p; 2:220F, 30p; 5.5850F, 350
Miniature DPDT slide 147, 4116P4 70 6810 . - IN914 4 the most competltive
Péish to/fike 150 2532 380 416416 480 6821 140 8156 380 P1N4148 3 1.3W zeners 13 Lol et il
Push 1o break 22p 2732 0ne tme 4125615 2850 6840 360 8251 3 The catalogue costs  § [ ILeTeNg 2A 200V 40
Rotary type adjustable stop programmable 780 CPU 200 6850 165 8253 879 oPTO just 70p including pos- | ETTeRA1214: 0 22 400V 45
280 7oA P10 320 6862 240 8255 320 ; 6A 100V 80
TP12W, 2P6W, 3PAW ail 550 each. | 1) a0 e Soof _agEs 756 tage o free with orders
DIL switches: 280A CTC 320 8! Imenired 8 i 8 over £20 in value. Send 6A 400V 95
4SPST 80p 6 SPST 80p. 85PST 100} 2764250 430 z80a s10 880 6880 1m0} ucwaes) 70| amMIGAE, 8 Sraiage I8 for your copy today! | 1ASOV 20 VM18 DIL 0.9A
Min, OPDT siide 14p. Push-make 15, 0 280A DMABBO 6502 370 mc14g9 9 3mmyetlow 11  Smmyellow 11 % ¥ ¥ % X % ¥ % % % %% 1A 400V 35 200V S0
Clips to suit -3p each T T
MPUTER CONNECTORS
: MPONENT KITS Rectangutar TiL2 [y | co! 10C CONNECTORS
SOCKETs R co i TN =
_ AR | 025w Resistor Kit. Containg 1000 0.25W 5% resistors from 4.7 ohms PN o pfl [ReATE Ty cal A
3o IR AR5 Lo MOMRL Qs e Uog ageBikiny ta. 100108, ellow T e 135 | SPECTRUM 2 28 way e, s PCB PCB  Socket Edge
:g ::: Ceramic capecitor Kit. Total of 250 miniature ceramic japaccmsugs from TiL38 35 TIL100 75 CAOM";:E‘:OT’;LMUEDS ;"ul ;l‘wm' onn.
22p 10 0.lu. £ aNST77 45  Triolor Led 35 § 24 1EEE 10C. 454 ‘
n e Patyester capacitor Kit. Total 6f 110 ministure polyester capacitors ok K oniam axw:.;:" or 24 ey [ EEE IDC -4 4 9?, :g ey _,,g ;g ;g ’
2%on trom 0.01u t0 0.47u. Just £6.90 Com cathode Com anode RIBBON CABLE " J2owey 90 90 95 130
Preset Kit. Total of 110 miniature preset resistors from 100R 10 1M DL704 0.3 95 ©DL7070.3" 95 % 105 110 118 155
28.piny Horizontal mounting type. Just £6.90 ENDS! “100 FND 100 | Grey Ribbon cable. Price per foot =
40 000.5 50705 34 115 130 130 180
Ay Radial Electrolytic Capacitor Kit. A pack containinga total of 93 10 bar OIL LED display, red 180 10 way 14 34 wey EC edwad 120 140 145 210
Professional ZIF sockets miniature caps from Yu to 2200u Just £7.50 : 16 way 25 40 way 68 e 165" 166~ 176 240
24'pin "430p 28 pin 480p Nut and Bolt Kit, Contains 800 assorted items. 100 each 6BA %in, Smm superbright LED 260mcd B ety 28 50 way 90 28 way o, hal e
40pin 5950 % d wihrs, 4BA Yin, %in, nuts and wshrs.  Just £3.20 red 30 2 By 38 60 way 100 ey
1C7611 LM3918 266 NES67 130 TDA1024 115 CRY. 4.194MHz 150
LINEAR ICL7621 LM13600 110 NESI0 370 TLO§1 40 m ooms da3mmz 100 m o
555CMOS 80  ICL7622 MC1310 150 NEB7t 370 TL062 65 [ Carbon lim e @sn QiR o Som T TR es
556CMOS 150  ICLBO38 MC1496 70 NESS32 160 Tios4 105 [ %we% 47chm-10M 20t | gm0 e0aamiz 150 Moraiic with tia 2%k 1% 95
7 ICLB211A MC3302 76 NES534 105 TLO71 38 W uWS%4a7ohm-aM7 3p 20§ aguie 228 Tomur 150 [ 3 i oG baE
16 ICM7224 MC3340 130 RC4136 65 TLO72 60 Metal fim 24876M 200 B.OMMz 140 sgaEE 4x2° 120
35 ICM7555 MF10CN 330 HAC4558 40 TLO74 110 [ %W 1%10chm-1M 4p  3p | 3276M 150  10.0mHs 170 ML LISy S, o
720 K77 300 SL4BE 195 TLOB1 30 25+ price applies 10 25+ per 3.579M 96 12.0MM2 170 -
390 ML924 280 SL490 220 TL082 50 [ value not mixed 4.O0MHz 140 16.0MHr 200 [140x90x55mm 140 Bx6x3" 205
430 ;90 SN76018 150 TLO84 105 —
65 ML926 10 SN?76477 380 TL170
65 20 s 20 uazzao 1o N IMBEE T3 3 0 B Tase W ey e e B jmee g
200 210 sP0256AL2425 ULN2003 80 7414 60 7444 105 7483 65 74121 50 74161 90 74182 85
CA3090AQ 375 210  Speech deta 50 ULN2004 80 41 > " 120
7400 25 7416 3 7446 130 7485 110 74122 50 74162 90 74190
CA3130E 85 NES29 225 TBABOO 70 XR2206 365 W 7aq) 25 7417 43 747 98 7486 38 74173 92 74163 S0 74191 120
CA3140E 38 NES31 ‘70 TBA810 90 ZN414 190 7402 25 7420 25 7448 98 7489 170 74126 50 74164 116 74192 120
CA3160 95 5, 1 TBAS20M 65 ZNAZ3 135 B 3403 25 7421 30 7450 25 7490 55 74126 50 74185 90 74193 110
100 LM3342 LM2917N8 195 20 TBA950 220 2ZN424P 130 7404 25 7422 30 7481 25 7491 80 74132 60 74167 200 74194 80
260 LM3352 LM3900 45 45 TCaga0 165 ZN425E 350 B 405 35 7427 30 7463 25 7492 55 74141 @0 74170 370 74195 63
100 LM339 LM3909  BS NESES 115 TDA1008 320 ZN426E 300 W 3406 45 7428 30 7454 25 7483 55 74145 85 74173 100 74196 120
ICL7106 680 LM348 LM3914 265 NES66 140 TDA1022 490 gmggz ‘jgg 7407 45 7430 25 7460 25 7494 90 74147 130 4174 100 74197 85
S BFR40 23 aN1613 30 aNasos 10 | onase zas 7008 % 932 38 a2 35 48 M0 Tam 108 e [ e
TRANSISTORS B 22188 45 24od7 45 B 2N1034E 200 W 7a10 25 7437 43 7474 36 7497 170 jates 39 74177 80
EREEE e e R T e ] ¢ % 7438 45 7475 b5 74100 125 74158 135 M179 90
20 10 TP36A 115
25 2N4062 10  TIP3BC 130 4016 26 4034 145 4054 70 4081 18 4502 S0 4529  gp
18 40360 40 Tipa1A 45 MACCE 4017 43 4036 270 4055 70 4082 20 4503 45 4e33 g9
27 40361 50 Tipa2a 4§ 4018 55 4039 270 4059 400 4085 60 4507 45 4o34 390
60 40362 50 TIP120 60 4000 18 4019 35 4040 46 4060 70 4086 60 4508 115 ge3m 70
28 40408 SO TiP121 60 § 4001 18 4020 4B 4041 S5 4063 B0 4089 120 4510 4B  4pay  gs
28 2N5457 30 Tpi22 60 @ 4002 18 4021 55 4042 45 4066 24 4093 26 4511 60 4849 390
80135 35 28 2N5458 30 Tip1a1 110 B 4006 66 4022 60 4043 45 4067 230 4004 70 4512 50 463 218
8D136 35 28 2N5459 30 Tip1az 120 4007 18 4023 18 4044 BO 4068 18 4095 70 4514 115 gocc  gp
80137 35 28 2n5485 35 TIP147 120 B 4008 50 4024 38 4046 B0 4069 1B 4097 260 4515 115  Loop oo
8D138 35 28 2NS777 45 T1p2955 70 4009 40 4025 18 4047 62 4070 22 4098 70 4516 48 4geq 390
8D139 35 24 2N697 20 80 § 4010 40 4026 120 4048 50 4071 18 40106 38 4518 48 oo 30
BD140 35 24 2N698 40 a0 § 4011 18 4027 28 4049 26 4072 18 40109 100 4620 48 423 38
AF239 56 80204 110 10 2N706A 20 40 Ba012 18 4028 40 4050 26 4073 18 40165 75 4521 110
4585 65
8C107 10 BCI83L 8D206 110 28 2N708 26 45 4013 26 4029 45 4051 48 4075 24 40173 100 4626 70 4774 140
BC1078 12 BC184 BD222 B85 65 2N918 35  TIS4S 45 4014 50 4030 18 4052 48 4076 60 40175 75 4527 60
BF180 35 50 TIP29 35  Ti590 30 4015 42 4031 125 4053 60 4077 24 40193 90 4528 45
BF182 35 120 TIP29A 35  TI501
BF184 35 35 VNIOKM 22 1875 38 LS123 70 LS161 60 LS221 78 LS3I66 42
BF185 25 MJE340 35 VNABAF 22 LS76 28 LS125 37 LS162 60 LS20 105 LS366 42
BF194 12  MJIES20 35  VNBBAF - 2 LS78 28 L5126 37 1S163 60 LS241 80 LSI6T 42
BF195 12 MJES21 10 TIPI0A 35 VNBBAF 2 22 1S83 68 LS132 53 LS164 70 LS242 B0 LS368 42
BF196 12  MJE30S6 10 TIP30B 35  2ZTX107 el 22 LS85 B2 LS136 35 LS165 95 LS243 80 LSI73_ go
i 1 e i 4 fue ZooN oz Lo osoime o op sl
BF 198 MPF104 10 TIPIIA 3
BF199 18 MPSAQS 10 TIP31IB 35 22 22 ngg 5&51 tg::? gg LS173 80 tggg: ;; LS377 100
BF200 35 MPSAOG 7 P. 40 Fel 2 L 4! 1 LS124 60 L8378 g8
BF2448 35 MPSA12 :92 l},i;ﬁ 36 22 22 LS95 58 LS14B 115 LS175 60 L5257 55 82
BF245 35 MPSASS 32 TIP32e 38 n 60 LS9 120 LS151 55 |§190 75 LS258 55 82
BF2568 45 MPSAS6 50 TIP32C 40 22 78 LS107 42 LS1563 80 | $191 55 LS268 90 (5399 118
BF257 32 MPSU0S 65 TIPI3A 65 22 78 LS108 42 LS154 220 1S192 75 LS66 2B 1§54y 115
8F258 30 MPSUO6 90 TIPIIC I8 2 2 LS112 42 LS155 55 |s193 75 LS273 80 (sg70 170
BF258 30 MPSUS5 10 TIPI4A 70 ZTX502 35 22 L5113 32 |S157 48 Ls195 60 LS279 56
BF337 35 MPSUSB X503 45 28 LS114 32 LS158 48 LS196 75 LS283 70
10 TIP3aC 80 2T
8FR40 35 2N118L 10 TIP 106 ZTX504 2 28 LS160 LS197

The Rapid

* Same day despatch

* Top quality components % In-depth stocks

uarantee

* Competitive prices

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

orders welcome with Aceess or Visa. Otficial orders accepted from colleges, schools etc.
Expor1 orders no VAT but please add for carriage. We are open Monday to Friday.
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Events Diary

Surface Mounting Techniques & Packaging — May 9th

London west Hotel, West Brompton, London. Seminar organised by
Hitachi on all aspects of surface mounting techniques and including
question and answer session. Begins with lunch at 1.00 pm and runs
until5.15 pm. Costis £25.00 inclusive. Contact)ulie Richardsonon01-
8611414,

Unix Training Course — May 14/15th

Plessey Microsystems Training Centre, Towcester. Training in Unix
system |l) or V, including hands-on experience using a Plessey System
68. Aimed at data managers and software staff interested in multi-user
computer techniques. Contact Plessey Microsystems, Sales Office,
Water lane, Towcester, Northamptonshite NN12 7JN, tel 0327 50312.

New IEE Wiring Regulations — May 14-16th

Production Engineering Research Association, Melton Mowbray. Three-
day non-residential course on the 15th edition of the |EE Regulations.
Cost is £300.00 plus VAT with reductions for participants from com-
panies who are members of PERA. Contact the Booking Bureau, PERA
Training, Melton Mowbray, Leicestershire LE13 OPB, tel 0664 64133.

Scottish Electronics Production Show — May 14-16th

Anderston Centre, Glasgow. Exhibition of the latest semiconductor
and PCB production equipment, assembly equipment, inspectionand
test systems, interconnection systems, chemicals and laminates. Con-
tact Cahners Exhibitions Ltd, Chatsworth House, 59 London Road,
Twickenham TW1 35Z, tel 01-891 5051.

Automated Manufacturing Exhibition & Conference — May 14-17th
NEC, Birmingham. Exhibition of industrial robotics and automated
manufacturing systems. Contact Cahners Exhibitions Ltd, Chatsworth
House, 59 London Road, Twickenham TW1 3SZ, tel 01-891 5051.

Power '85 — May 21-23rd
Metropole Hotel, Brighton. See February issue for details or phone 01-
437 4127.

Gallium Arsenide Integrated Circuits — June 3rd

Royal Lancaster Hotel, London. Seminar covering gallium arsenide
technology, circuit design and applications. Costis £145.00 plus VAT
and includes lunch, etc. Contact Miss Louise Marriott, Oyez Scientific
and Technical Services Ltd, 3rd Floor, Bath House, 56 Holborn Viaduct,
London EC1A 2EX, tel 01-236 4080.

Phone ‘85 — june 4-6th
Kensington Exhibition Centre, London. See February issue for details
or phone 0280 815226.

Unix Training Course — June 11-12th
Plessey Microsystems Training Centre, Towcester. See above for
details.

European Unix User Show — June 12-14th

Olympia 2, London. an exhibition designed to focus attention on the
Unix system and attended by over 120 leading suppliers of Unix
software, hardware, systems, peripherals and services. Contact EMAP
International Exhibitions Ltd, Durrant House, 8 Herbal Hill, London
EC1R 5)B, tel 01-837 3699.

Computers In Manufacturing Show — June 24-27th

Olympia 2, London. Exhibition and conference which aims to cover
the use of computers in design, production engineering and manufac-
turing, Contact Independent Exhibitions Ltd, 154 Heath Road, Twic-
kenham, Middlesex TW1 48BN, tel 01-891 3426.

Condition Monitoring In Hostile Environments — June 26th

Regent Crest Hotel, London. Seminar organised by ERA Technology
and COMRAD which covers equipment monitoring techniques aimed
atpredictingfailure and thus reducing downtime. Contact Terri Eccles-
tone, Seminar Organiser, ERA Technology Ltd, Cleeve Road,
Leatherhead, Surrey KT22 7SA, tel 0372 374151.

Leeds Electronics Show — july 3-5th

University of Leeds. The show isinits 22nd yearand hopes tohave 223
stands on display. Contact Evan Steadman Services Ltd, The Hub,
Emson Close, Saffron Walden, Essex CB10 1HL, tel 0799 26699.
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Readers’ Survey Draw Resu'.lt:s

A t long last we have finished
sifting through the several
thousand completed Readers’
Survey forms we received. A statis-
tical analysis is being prepared
andwe plan to spendsometimein
the near future going through
your comments and suggestions.
We hope to present some of the
results of all this effort in a short
article in a forthcoming issue.

Meanwhile there is the matter
of the free subscriptions we pro-
mised to the authors of the first
ten survey forms drawn from a
hat. We couldn’t find a hat large
enough, so with the forms secu-
rely placed in a cardboard box we
carried out this important cere-
mony withdue pomp and what lit-
tle dignity we could muster.

Our handsome Classified Sales
Executive Caroline Faulkner
groped diligently around in the
box until she could no longer
avoid removing some of its con-
tents while her lovely assistant,
ETI Editor Gary herman (33-40-45")
shook the box in an unhelpful
manner. Assistant Editor lan Pitt
tried vainly to pretend to passers
by that all this had nothing what-
soever to do with him while
several hangers-on leapt around
crying “lights, action,” and so
forth. The ceremony reached its
climax with a brief competition to
see who could throw most forms

o
> Ly
— 4

in the air whilst doing the splits.

Somewhere in the midst of all
this, ten forms were separated
from the mass and passed to the
subscriptions department where,
with tears in their eyes, staff
signed the necessary cash slips.
The ten luck winners are:

A. Armstrong, 12 Grays Walk,
Bishopmill, Elgin, Morayshire;
LC. Boothman, 35 Spalding
Road, Fens Estate, Hartlepool,
Cleveland; E. Habets, Gosper-
street, 47/4700 Eupen, Belgium;
G. Hodgson, 2 Marlborough
Avenue, High Harrington, Work-
ington, Cumbria; M. Jones, 26
Whitchurch Avenue, Broadstone,
Dorset; B.L. Marshall, 3 Blandford
Road, Chilwell, Nottingham; A.).
Wills, 28 Cedar Drive, Kingsclere,
Newbury, Berkshire; A. Wood-
roffe, ‘Ranworth’, The Glebe,
Felbridge, East Grinstead, West
Sussex; M. Woodward, 75 Nelson
Road, Aston, Perry Barr, Bir-
mingham; and ). LePirie, 72, City
Way, Rochester, Kent.

These readers will all receive
one year's free subscription
beginning with this issue. Our
commiserations to those who
were not lucky enough to be pic-
ked but we will leave them with
the thought that ETI is almost as
enjoyable when paid for as when
obtained free-of-charge.
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BOOK SERVICE

How to order: indicate the books required by ticking the boxes and send this page, together with your payment to: ET| Book Service,
Technical Book Semce, Oak House, Cannon Hill Way, Maidenhead SL6 2EY. Make cheques payable to Technical Book. Service. Payment
in sterling only please. All prices include P & P. Prices may be subject to change without notice.

BEGINNERS GUIDE

Beginner’'s Guide to Basic Programming
Stephenson

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

COOXBOOKS

0ooocOo O

Microprocessor Cookbook M. Hordeski
1C Op Amp Cookbook Jung

Active Filter Cookbook Lancaster

TV Typewriter Cookbook Lancaster
CMOS Cookbook Lancaster

TTL Cookbook Lancaster

Micro Cookbook Vol.1 Lancaster

ELECTRONICS

Principles of Transistor Circuits Amos

Design of Active Filters with experiments Berlin
Electronic Devices & Circuit Theory Boylestad
Principles of Electronic Instrumentation De Sa
Giant Handbook of Computer Software

Giant Handbook of Electronic Circuits

Glant Handbook of Electronic Projects

Electronic Logic Circuits Gibson

Analysis and Design of Analogue Integrated
Circuits Gray

Basic Electronics Grob

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

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

Practical Solid State Circuit Design Olesky

Power FETs and their application Oxner
Electronic Dratting and Design Raskhodoft
Electronic Fault Diagnosis Sinclair

Physics of Semiconductor Devices Sze

Digital Circuits and Microprocessors Taub

Active Filter Handbook

Designing with TTL Integrated Circuits Texas
Transistor Circuit Design Texas

Digital Systems: Principles and Applications Toccl
Master Handbook of Telephones Traister

COMPUTERS & MICROCOMPUTZRS

From BASIC to PASCAL Anderson

UNIX - The Book Banaham

280 Microcomputer Handbook Barden

Digital Computer Fundamentals Barter

Microprocessor Interfacing Carr

gicrocomputer Interfacing Handbook A/D & D/A
arr

Microcomputers/Microcomputers - An Intro Gloone

Troubleshooting Microprocessors and Digital Logic

Goodman

Let your BBC Micro Teach you to program Hartnell

Programming your ZX Spectrum Hartnell

How to Design, Build and Program your own working

Computer System Haviliand

BASIC Principles and Practice of Microprocessors

Heffer

Microcomputer Builders’ Bible Johnson

Digital Circuits and Microcomputers Johnson

PASCAL for Students Kemp

The C - Programming Language Kernighan

Guide to Good Programming Practice Meek

Principles of Interactive Computer Graphics

Newman

Theory and Practice of Microprocessors Nicholas

Microprocessor Circuitss Vol.1. Fundamentals and

Microcontrollers Noll

Beginner's Guide to Microprocessors Parr

Microcomputer Based Design Peatman

Digital Hardware Design Peatman

BBC Micro Revealed Ruston

Easy Programming for the ZX Spectrum Stewart

Microprocessor Applications Handbook Stout

Handbook of Microprocessor Design and

Applications Stout
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O Programming the PET/CBM West £16.40
O Computer Peripherals that you can build Wolfe £14.75

REFERENCE BOOKS

Electronic Engineers’ Handbook Fink £66.60
Electronic Designers’ Handbook Giacoletto £77.75
Handbook for Electronic Engineering Technicians £40.50
Kauffman

Handbook of Electronic Calculations Kauffman £42.25
Modern Electronic Circuit Reference Manual £57.45
Marcus

Handbook of Microcircuit Design & Applications £49.95
Stout & Kaufman

0O DO 000

International Transistor Selector Towers £14.50
International Microprocessor Selector Towers £16.00
International MOS Power and other FET Selector £10.95
International Digital IC Selector Towers £10.95
International Op Amp Linear IC Selector Towers £9.50
Illustrated Dictionary of Electronics Turner £19.75

Servicing Home Video Cassette Recorders Hobbs £19.05
Complete Handbook of Videocassette Recorders £10.50
Kybett

Theory and Servicing of Videocassette Recorders £15.45
McGinty

Beginner's Guide to Video Matthewson £5.85
Video Recording: Theory and Practice Robinson £16.00
Video Handbook Van Wezel £24.00
Video Technique White £16.25

NEW TITLES

[0 Electronic Devices and Circuits Bell £13.50

O CP/M - The Software Bus: A programmers guide £10.45
Clarke/Eaton & Powys-Lybbe

[0 Electronic Ins'rumentation and Measurement £14.95
Techniques 2nd Ed. Cooper

O Graphics on the BBC Microcomputer Cryer

O The BBC Micsocomputer for Beginners
Dunn/Morgan

O Engineering approach to Digital Design Fletcher

O A UNIX Primer Lomuto

[0 Understanding Digital Logic Circuits Middieton

O CP/M Primer Murtha/Waite

O Introducing Computers Peleu

O Dictionary of Computers/Data Processing and
Telecommunications Rosenberg

O Computer Networks Tenenbaum

D UNIX Primer Plus Waite/Martin & Prata
Introduction %o PASCAL Welsh/Elder

ELECTRONIC DATA BOOKS

[0 THT 83/84 Data dictionary and comparison tabie

O TVT A-Z Trarsistor equivalent book

D TVT 2N Trancistor equivalent book

O ODAT 1 Part 1 of compendium covering transistors A-
BUY

O DAT 2Part 2 covering C-Z transistors

O DAT 3 Part 3 covering 2N21-2N6735

D DAT 4 Part 4 covering 2SA,2SB,2SC,2SD,28J,
2SK,3N,3SJ,35K,4000

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

O LIN 2 Linear voltage stabilizers, data and
comparison tables

O TTL TTL digital data and equivalent book

[J DDV/1Part 1 European diode data equivalient book

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

Please send me the books indicated. | enciose cheque/postal order for
€ ... Prices include postage and packing.
pay by Access/Barclaycard. Please debit my account.

'

]

]
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: 0O0o0o0O00n0o80000o0ad
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]

Signed
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NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS

® Rental Electronics  have
brought out their 1985 catalogue
of electronic test equipment
available on hire. The range
extends from basic items through
to the more exotic digital ‘scopes,
spectrum analysers, etc and even
includes CAD/CAM/CAE equip-
ment and 32-bit scientific com-
puters. Rental Electronics Ltd, 7
Arkwright Road, Reading Berk-
shire RG2 OLU, tel 0734-876377.

@ Barry Porter's audio designs
for ETI always prove popular but
most constructors have difficulty
getting hold of the radial non-
polarised electrolytic capacitors
he specifies. N.P. Electronics tell
us that they stock a full range of
Roederstein EKU non-polarised
electrolytics and can offer kits of
these components for Barry’s
recent designs at favourable

*

rates. Contact them at The Mill
House, Watlington, Kings Lynn,
Norfolk PE38 9DW, tel 0553-
810096.

® Voluntary Service Overseas
are looking for six people who
hold a full City and Guilds, TEC,
or other equivalent qualification
to work in the Third World for
two years. The posts are in Egypt,
Sri Lanka, Belize, Kenya and on
the Maldive Islands and mostly
involve teaching electronics or
training others to maintain elec-
tronic equipment. Applicants
should be between 23 and 65
and have British or EEC passports,
and if posted will receive local
rates of pay and free accom-
modation. Contact the Enquiries
Unit, VSO, 9 Belgrave Square,
London SW1X 8PW, tel 01-235
5191.

35” Colour
Tube And
Television

itsubishi have developed a
colourtelevision tube which
measures 35" across the diagonal
and is claimed to be the largestin
theworld. Thetubewillbeusedin
a new 35” colour television set
which will feature audio-visual
and RGCB inputs.
Thetubeissaidtobethelargest
direct-view tube ever produced
and offers a picture size pre-
viously achieved only by projec-
tion televisions. Computer simu-
lation was used to optimise the
distribution of glass thickness so
as to achive minimum weight and
facilitate mass production. A de-

flection angle of 110 degrees has
been used which allows a fairly
compact overall size to be
achieved, and the complete tele-
vision is 23" (580mm) deep and
36" (910mm) wide.

Thescreenareaofthe newtube
is 3.1 times as large as that of a-
standard 20” television and Mit-
subishi claim that the picture
remains crisp and clean in spite of
the large size. The television in-
cludes three sets of audio-visual
inputs to permit connection of
videocassette and videodisc
machines andforthereception of
satellite broadcasts and there is
alsoan RGBinput forteletext and
personal computers.

For details contact the Peri-
pheral Products Group, Mitsu-
bishi Electric (UK) Ltd, Hertford
Place, Denham Way, Maple Cross,
Rickmansworth, Hertfordshire
WD3 28J, tel 0923-770 000.

QL Monitor From Microvitec

M icrovitec have produced a

colour monitor which is
designed both technically and
visually to suit the Sinclair QL mic-
rocomputer and which includes a
tilt and swivel stand. Tke monitor
is aimed particularly at business
users of the QL and is designed to
satisfy the demand for a‘worksta-
tion’ type display.

Microvitec were the first com-
pany to produce a colour monitor
which was fully compatible with
the QLl’s 85-column width dis-
play and also capable of doing full
justice to the machine’s colour
graphics potential. The new mon-

itor retains the same technical
specification, including a 653
pixel-per-line CRT and an 18MHz
bandwidth. It has a black finish
which matches the external
appearance of the QL and the
integral stand allows it to be
angled to provide the most com-
fortable working position.

The QL-compatible monitor is
expected to sell for just under
£300.000. For further informa-
tion contact the Sales Depart-
ment, Microvitec PLC, Futures
Way, Bolling Road, Bradford,
West Yorkshire BD4 7TU,
tel 0274-390011.

Passing The Backnumbers

Not before time, we have
actually got around to
clearing up the ET] office a bit.
Amongst the rubble we have
found a number of past issues of
the magazine, mostly from 1983.
Our regular backnumber service
does not have the space to han-
dle them, and as some are a bit
the worse for wear after kicking
around in odd corners for so long
it seems unfair to expect people
to pay the normal £1.50 a time.

Accordingly, we have decided
to make them available to
readers in return for fifty pence
to cover postage, etc. If you
want any of the issues listed
below, just write to us at the
address given on the contents
page and enclose a cheque or
postal order made out to ASP
Ltd. It would also save us time if
you would enclose your address
either on a gummed label or at
least on a piece of ordinary paper
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which we can then paste down.

By all means order more than
one issue if you wish, but please
don’t enclose any other requests
or enquiries; it would only slow
things down. We won’t be able
to write out explanatory notes or
anything, so if your cheque or
postal order is returned you
should assume that we have run
out of copies of the issue you
asked for.

The issues we have copies of
are:-
NOVEMBER 1982; projects
include the first part of the Cor-
tex sixteen-bit computer, a preci-
sion pulse generator and a
spectrum analyser, and there are
features on satellite TV and
switched capacitor filters.
JANUARY 1983; projects include
the first part of the programm-
able stage lighting unit, the final
Cortex article, a programmable
bench power supply, a waveform

multiplier for synthesisers and
an ADC for ZX81s or Spectrums,
while the features include a
review of the movie Tron and an
artide on operational amplifiers.
MARCH 1983; projects indude the
second part of the ETI Victory
electronic organ, a user-defined
graphics board for the ZX81, a
6502 sound board and a logic
probe, while the features include
a second look at satellite TV in
the wake of the Part Report and
articles on audio output stage
design, broadcast standards and
laser diodes.

APRIL 1983; projects include the
third parts of both the stage
lighting unit and the Victory
organ, the first part of a ZX81
music board and a real time
clock for 6502-based systems,
and there are features on both
switched mode power supplies
and conventional PSUs and arti-
cles on voltage multipliers and
the use of nested differentiating
feedback loops (NDFLs) in audio
amplifier design.

MAY 1983; projects include the

final parts of both the stage light-
ing unit, the Victory organ and
the ZX81 music board, plus an
audio compressor/limiter, a
stabilised PSU for hi-fi amplifiers
and a sixty watt amplifier
designed using NDFL principles.
The features include an eight-
page buyer's guide to hi-fi and an
article on four-channel semicon-
ductor devices.

JUNE 1983; projects include the
first part of a switched mode
power supply design, a numeri-
cal keypad for the Acorn Atom
and an electronic compass, and
there are features on opto-
electronics, buying test gear,
and the fabrication of mechani-
cal structures on silicon chips.
DECEMBER  1983; projects
include the first part of Barry Por-
ter's modular preamplifier, an
EPROM controlled light chaser
and a sixteen channel A-to-D
board, while the features include
articles on tone control design

and machine code pro-
gramming.
ETI
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POWER AMPLIFIER MODULES

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

the most sophisticated and
highly protected modules
available today.

* Thermal Protection — A Thermal Sensor which again

causes the amplifier to enter the Shutdown Mode

i & before any danger is reached

il = * Power Supply Protection — Diodes have been added
| to the P.C.B. to prevent reverse polarity damage.

Full details of our complete range including

PRICE INC. Power Supplies, Preamps,
MODULE POWER/LOAD V.A.T.P&P Mosfets etc available on large sae or contact
CE608 60 8s2 £21.00 our agents:
CE1004 100 40 £24.50 BRADLEY MARSHALL WILMSLOW AUDIOS
CE1008 100 82 £27.50 382-386 EDGWARE RD 35-39 CHURCH ST
CE1704 170 482 £35.00 LONDON WILMSLOW
CE1708 170 8Q2 £35.00 W2 1EB CHESHIRE

CRIMSON ELEKTRIK STOKE

PHOENIX WORKS, 500 KING ST, LONGTON,
STOKE-ON-TRENT, STAFFS. PHONE 0782 330520

QUALITY MULTIMETERS FROM ARMON
ANALOGUE DIGITAL
M- 10282 HC-6010 0.5% Accuracy. Standard Model
10ADC Range. 20KN/VDC, Buzzer, Battery Test £33.50
Scale £13.00 HC-5010T 0.25% Accuracy. TR Test Facility
19 measuring ranges £39.50
H-102R All models have full functions and ranges and
Low end voiltage & current ranges. Jack for teature
Audio o/p Voltages. ... £11.00
20 measuring ranges 312 digit 0.5 LED display
He-1018 Low battery indication
Rugged. Pocket sized meter, tor general Auto zero & Auto polarity
purpose use £7.50 ABS Plastic Casing & Tilt Stand
16 measuring ranges DC AC 10amp Range
Battery, Test Leads and Manual Included with Ovarload Protection on all ranges
each model Battery, Spare Fuse, Test Leads and Manual
Bnx FULL DETAILS ON APPLICATION FROM:-
ARMON ELECTRONICS LTD _S¢
DEPT K HEDRON HOUSE, 109 WEBMBLEY HILL ROAD, WIEBMBLEY , MIDOLESEX HAD SAQ !
g TELAPHONE 01-002 4321 TELEX 92 a
PLEASE ADD 18% 10 your arder for VAT. PAP Pree of charge. Payment by cheque with order push button ,_ T o &
Offer appiicable 1o mainiand UK only [QVLVE L =
Trade enquiries invited Please silow 28 days for delivery v

1/ PRICELCD DMM 2

WITH CARRY CASE
CLUSIVE WHILE STOCKS LAST

@ 3'2 DIGIT I 26 RANGE

B AUTO ZERO @ AUTO POLARITY

B AC/DC 10 AMPS W TEST LEADS,
CARRY CASE, BATTERY & INSTRUCTIONS

“‘;;;;;;;r'
=S\ =

precision pick-up arms

Sranges AC/DCvolts § ranges AC/DC current
6 ranges Resistance to 20 meg ohms
Size: 161 x 87 x 25mm

AUDIO ELECTRONICS  [usimeerry ad Please call or write

301 Edgware Road, London, (UK C/pg ; SME Limited, Steyning, Sussex, BN4 3GY
W2 1BN 01-724 3564 S ¢ deim Telephone: 0903 814321 Telex: 877808 G

ORDER BY POST OR PHONE OR CALL IN OPEN 6 DAYS A WEEK
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READ/WRITE

You Are Not Alone

Dear Sir,

1. In the Feb 1985 issue of ETI
you make a lame excuse for not
completing the long-delayed JLH
article on his THD meter. Yet on
pages 3, 26 and 29 you take up
invaluable space with idiotic and
vulgar rubbishy ‘cartoons’ unworthy
of a reputable journal.

2. Your mix is about 10to 1 in
favour of computer items, some of
them quite silly, over audio ideas.
You must know that on our
bookshop shelves there is a 20 to 1
preponderance of computer
magazines both in England and
South Africa. Why not yield a little
more space for audio, particularly
the brilliant JLH?

3. | wrote to you recently about
Newrad'’s failure to sup'ply my
order for components tor the JLH
amplifier. A parcel arrived two
weeks ago and | found that at least

25% of the items were missing,
including the more expensive
polycarbonate capacitors. | wrote
again and | believe another
package is on the way. Please don't
use their “activities’ in ETl in the
future.

Yours sincerely,
Dr. A.H. Barzilag
South Africa.

Well, that may be the first time we’ve
been called reputable. We must be
slipping. However, to answer your
points in turn:

If you saw the March issue, you
would realise that the final part of the
THD meter project took up four full
pages. The cartoons were not an
alternative and, in any case, some
people actually enjoy such things. Still,
we can’t please all the people all of the
time — as your second point amply
demonstrates. ETI’s objective is to
cover the whole field of electronics.

It’s a big field and in any one issue
we will not necessarily be able to get
the mix precisely correct. Your figures

don’t strike me as accurate, but it is
undeniable that there is more interest
in computer projects right now than in
any other part of the electronics field.
We reflect that, partly because the
proportions apply to our contributors
as much as to our readers. If we
received more audio projects, we would
probably run more audio projects. We
do agree with you about john Linsley
Hcod, though, and we’re quite pleased
that his contributions to ETI are both
frequent and substantial. Perhaps he
likes the magazine more than you.

On the final point, we have received
a number of complaints about
Newrad'’s delivery of the Linsley Hood
MOSFET amp. I’'ve been in touch with
the company and they assure me that
any problems with the kit are now at
an end. The trouble was partly due to
necessary alterations in the design and
partly to the long lead times for
components. Newrad apologise for
any inconvenience and ask that you do
not phone up with any problems you
may have, since this only creates more
pressure on time. If you write to them,
they will reply — but, they stress,
everybody who has ordered a kit will
receive a full kit. Delivery times should
be acceptable from now on. Naturally,
ETI also apolo%ies to any readers who
have had trouble with the kit. We can
only say that the wait is definitely
worth it.

ETI

Please
mention

E.T.L

SCOPES
(UK C/P & Ins
£6.00 or £15.00
securicor)
HAMEG Al with
Component Testers
HM203/5 Oual
20MHZ Bench

HM204/2 With Sweep deldy

Eio
DIGITAL =y
MULTIMETERS & |

£419.75 | Sosme i vnange =2

ALL ITEMS ON
DISPLAY

——
OPEN 6 DAYS
A WEEK

TER xcreesp
Large LCO dispiay 8 ranges|
0.1pt to 2500 mid £69.50

IE‘
when replying Ej

£692.25 | 0anczmom ~ £29.80°

*KD615 (R) 18 range 10A 0C 20 M

HM605 Dual 60MHZ
HITACHI {All models available)

t | | V212 Dual 20MHZ £378.35 | onm Hte tester. £39.95
( , CROTECH All with Companent Testers *KD 55C (R) 26 Range 104 AC/0C
a 3030 15NK2 Sigle Trace Porable ~ £216,20) | 20M ohm ; £44.50
2035 Large Dsply Bencn verson~ £239.20 | oo 100 ALOCN pag 11
3132 Dual 20MHZ, Component +3510 (R) Range 104 AC/DC 20M
a d v e rts [.:’:m;:;ir;m oc requiated outouts -~ £398.80 | onn e tester cont. buzzer £46.52
0

MES5A0 (R) Man/Auto 19 Range 10A

£11.50 | ac/oc 20M ohm

X1-X10 Scope Probes with adaptors

ANALOGUE TRANSISTOR
MULTIMETERS |ix_ TESTER (uxc/p 650)

(UK C/P §5p) ' = Dwect reading of Hfe and leakage
Zaane " £12.95 Sdoae " £27.85
10282 20K /vor

22 Range 10A DC £l ".95

YN360TR 20K/volt 19 Range plus

DC POWER

If an advertisement

& | SUPPLIES
= 7 9 Hte test ac Al £15.95 1 S o
is wrong were here B 2198 | GBS, el
t t ;- 2 i‘f;n:,g(:;:w LIRNITIBAAC /G £2h, 95 output (tor all 12 vor DC e;?upme::'; £12 95
241 Meter indicator Amps /volts 0/30
I I I I LOGIC von 0/1 Am £37.95
O pu lt g t. PROBES @ 243 3 Amp V:rsion £59.95
(UK C/P55p) ALSO IN STOCK-range of counters, generators

10 MKz DTL/TTL/CMOS. L1 £24,95, and bench DMMs. Ask for ieaflets.
[BRDER BY POST OR PHONE OR CALL IN AND SEE FOR YOURSELF

AUDIO ELECTRONICS
E 301 Edgware Road, London W2 1BN

If you see an advertisement in the press, in print,
on posters or in the cinema which you find

unacceptable, write to us at the address below. /

The Advertising Standards Authority.
ASA Ltd. Dept 3 Brook House. Torrington Place, London WCI1E 7HN

& Tel: 01-724 3564 ‘ O
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01-208 1177 Tecunomanc Lo 01-208 1177

BBC Micro Computer System DISC DRIVES _
These are fufly cases and wired drives with slim line mechanisms of high
ACORN COMPUTER SYSTEMS BBC FIRMWARE quality, Shuggart A400 standard interface. Drives supplied with cables
BBC Model B Special offer..... 1.2 Operating System ......................£7.50 (d) manuals and formatting disc suitable for the BBC computer. TEAC 80
8BC Model B+Econet... Basic Il ROM.......... oo £22.50 (d) track drives are supplied with 40/80 track switching as standard. All
BBC Model B+DFS. ....... - View Word Processor ROM. .£48.00 (c) i in single or dual density format.
BBC Model B+DFS +Econet WOrdwise ..........cccocvccccuceecec...... £34.00 (d) gl:qulS%r?vae? il G
UPGRADE KITS BCPL ROM/Disc e £52.00 (D) 1 x 100K 40T SETSS5A .. .. ..£85(b)  1x 400K 40/80TDS:TSS5F .......
A 108 Upgrade Ki......................... £65 (d)  Disc Doctor/Gremiin Debug ROM £28 (d) PS100 With PSU.—....cccccccouvervonnnnn €123 (D) PS400 with psu
DFS Kt.....oooromiciccsnnc o £96 (d)  EXMON/TOOL KIT ROM ..............£28 ea (d) Dual Drives:
Econet Kit... Printmaster (FX80)/Graphics ROM................. Stacked Version Plinth Version:
SPOBCH KIt .o . SR - V'Y ) 35210%00(":'07 SS TD200................ gz’g %a; %52‘0%%.( 4:: SS TD200P ............. ._g:g ﬂ
83U 9 - . a Wi SU ... e — a
ACORN ADD-ON PRODUCTS CLINGAC speattget Aok A Gl 2x aoovo: 807A0T DS: TDBOO .........£275 (8) 2 x 400K em%s TDBOOP ................. £295 (a)
Z80 2nd Processor .............. PD80Q with psu........... e £300 (8) PDBOOP with pSU .......ccccceoevccc.e.. £315 (D)
8502 2nd Processor
Tetext Adaptor ............ COMMUNICATION ROM
IEEE interface ... Termi Emulator ........... S— 1)) 3M 5%” FLOPPY DISCS
Sﬁ‘.’;&‘:‘;‘f’f S— f:; 822:":??‘“ e S— f‘;} High quality discs that offer areliable error free performancefor ife. Each
discisindividuallytested and guaranteed for life. Ten discs aresuppliedin
TORCH UNICON products Including the IBM Computible GRADUATE in stock a sturdy cardboard box.
For detailed specification on any of the BBC Firmware/Peripherals listed here
or Information on our complete range please write 1o us. 40T SS DD £15 (¢) 40T DS DD £18 (c)
80T SS DD £22 (c) 80T DS DD £24 (c¢)
PRINTERS
_ EPSON DRIVE ACCESSORIES
RX80FT£225(a) RX80T£215(a) FX80£315(a) FX100£435(a) FLOPPICLENE Disc Head Cleaning Kit with 20 disposable cleaning discs ensures continued
KAGA TAXAN optimum performance of the drives ...... me— = . — L% Y ()
Single Disc Cable ........ £8 (d) 10 Disc Library Dual Disc Cable ............... ... £8.50 (d)
KP 810 (80col) £225 (a) KP910 (156c0l) £349 (a) CBSE oo £1.80(C) 30 Disc Case................. - B8 {C)
JUKI 6100 £325 (a) BROTHER HR15 £325 (a) 40 Disc Lockabie BOx ........................... £14(c) 100 Disc Lockable BOx.......... €19 (c)
ACCESSORIES
32K internal Buffer Parallel £99 (b) MONITORS
EPSON » .
Serial Interface: 8143 £28 (c); 8148 with 2K £59 (¢) MICROVITEC 14 RGB.'
Paper Roll Holder £17 (d). FX80 Tractor Attachment £37 (c) 1431 Stangard ReSOluﬁlOﬂ ..................................... £165 (a)
Ribbons: FX/RX/MX80 £5 (d) FX/RX/MX100 £10 (d) 1451 Medium Resolution.... ..£240 (a)
RX/FX80 Dust Cover £4.50 (d) 1441 Hi Resolution.................... ..£399 (a)
_ KAGA TAXAN 1431 AP S:d Res PAL/AUDIO.... .£210 (a)
RS232 with 2K Buffer £85 (c) KP810/910 Ribbon £6.00 (d) 1451 AP Med Res PAL/AUDIO .£280 (a)
JUKI 6100 1451 DQ3 Med Res for QL ........ £239 (a
FB233 wiih 2K Bufiew 208 c) Filbbyon £2.86 () Above rgonitors arenowavailable in plastic or metal casfas)
Tractor Attachment £99 (a) Sheet Feeder £180 (a) t ! P )
BBC Parallel Lead £7 (d) Serial Lead £7 (d) please specify your requirement.
2000 Sheets Fanfold Paper with extra fine perforation KAGA Super Hi Res Vision IlRGB ...................... £325 (a)
9.5" x 11" £13 (b) 14.5" x 11" £17.50 (b) Hi Res Vision I ..£225 (a
Labels per 1000’s; single row 314" x 17/16" £5.25(d) MONOCHROME MONITORS 12" ( )
Triple Row 27/16"” x 17/18” £5 (d) ) :
Kaga Green KX1201 G HiRes............c.ccvveureennne., £99 (a)
MODEMS Kaga Ambar KX1201 A Hi RS .............oooeovvooon. £105 (a)
— All modems listed below are BT approved Sanyo Grean DM8112CX HiRes....... — £90 (a)
SATRACLE Ws9900s e S Swivel Stand for Kaga Monochrome...................... £21 (c)
The uimate world standard modem coverall Guilgtee wilh OBITT Vi6g"s5hw/ 76 Dilghm All monitors are supplied with leads suitable for the BBC
al BELL and CCf tandard an al x standards that .
1506 B Absws cammustlonlion Wi vn  Qiow commumicelir oy oy tof Computer. Spare leads available.
tually any computer system in the world. The :  vices llke PRESTEL, MICRONET etc. as well as
optional AUTO DIAL and AUTO ANSWER user t0 wuser communications. Mains
:'oargs enhaoge;he co'r;’sider::)%le 'acl&lh’ks powered £64(b). ATTENT'O N
rea: provige: on e modem. ains .
Dowertyad £129(b). Auto Dial Board/Auto 18_:'].822 pc::?ex{ sized modem complies with V21 SPEC'AL OFFER
Answer Board £30(c) each. (awafting BT 3007300 Baud and provides an ideal solution 2764-25 cq
approval) Software lead £4.50. for communications between users, with maln ALL PRICES EXCLUDE VAT 27128 25 """""""""""""""""" £8
frame computers and bulletin boards at a ve Please add ca"iaqe 500 unless TED ceeriiiniiiiiittttenirerrenane
ggz‘%’f‘ﬁaf&?:dg:;:'{“(’;;“a‘“‘ operated. indicated as follows: 6264LP-15...........ocueeen. £9
(a) £8 (b) £2.50 (c) £1.50 (d) £1.00
BBC to Modem data lead £7.
GANG OF EIGHT CONNECTOR SYSTEMS
TELEPHONE
INTELLIGENT FAST .D. CONNECTORS EDGE CONNECTORS Bosoivmisy's- I CONNECTORS
EPROM COPIER {Spapblook TPl e Soider ZDC | 4 way plu 110p
Copies up toeight epromsatatimeand acceptsall bogt ;Iade' Rlemlwl gdg: 2+ 6-way (commodore) ° ‘I 2 ;ng 36 way plug 500p 475p 6 way glug 180p
single rail eproms up to 27256. Can reduce pro- o 9‘(‘)3 aacs; ,309- o |0-w;y 150p £ 36w s50p  500p 4 way n.a?\ - 1600
gramming time by 80% by using manufacturers 20 iasp 125  195p 2 x 12-way (vic 20) - 350p | 24 way plug Flexible ca?,‘.e
suggested algorithms Fixed Vpp of 21 & 25 volts 26 175p  150p  240p 2 x 18-way . — 140p IEEE 475p  475p 4wl 50p/m
and variable Vpp factory set at 12.5 voits. LCD 34 200p  160p  320p 2x 23-way (ZX81 175p ggoo 24wy Rt 6 an 72p/m
display with alpha moving message. £395(b). 0 N jdr Mp | 2xzsmay ) 2 L IEEE 500p 500p Y
P.__B00D1 385 3 : %g::; Breatrum 5?.33 - PCB Mtg Skt Ang Pin RIBBON CABLE
O FTY | | D CON NE?TORS ;:;g::; ';’ggg = 24 way 700p 36way 750p {arey/metre)
This low cost intelligent eprom programmer can R et 07 i 100, oo | GENDERCHANGERS | lowsy oo oouay 1o
program 2716, 2516, 25632, 2732, and with an MALE: Z:SO-vwva;(SlooconnV Goog . 25 way D type 20way 850 50.way 200p
adaptor, 2564 and 2764. Displays 512 byte page AngPins 120 180 230 350 26-way  120p  64-way 280p
onTvV— nasaserla'!and paral!e;: I/'O-'rorx;tlnes Can So%er S 60 85 125 170 Male to redale.I . E}g
tor, e ntertace \
By T o e e giose) |BG,, (175275 925 |  EURO CONNECTORS |Molelofemale . £10 Ol gaider ibc
Adaptor for 2764/2564. £25.00(c) StPin 100 140 210 380| DIN 41612 Plug Socket RS 232 JUMPERS 14 pin 40p 100p
Angpins 160 210 275 440| 2 x 32way StPin 230p 275p 16 pin  50p 110p
UV ERASERS Solder 90 130 195 280{ 2 x 32way Ang Pin 275p 3200 %! (@5 way 0) 18pin  60p .
) p 3 ) 10C 195 325 375 3 x 32wayStPin 260p 300p |ZUBlnoeerdbae | £500 | 20pin  75p -
All erasers with built in safety switch and mains IStHood 90 95 100 120]| 3 x 32 way Ang Pin 375p 400p S¢ Famale femae £10.00 24 pin  100p 150p
indicator. Screw 130 150 175 - IDC Skt A + 8 400p | 24" Male Male ge50 | <28pin  160p  200p
Ug: 1B_ erasbesvu%tcis %erao:r)s atatime.. . Eg; g‘ Lock IDCSktA+C 400p | 24" Male Female £9.50 40 pin  200p 225p
AR il irde. il 2T DIL SWITCHES MISC CONNS
UV140 erases upto 14 eproms ata time. £88 (b) TEXTOOL ZIF f,‘,’;f,n’; (33:’3_'&’?3" Ampelty a 90p 6. o PO o ol TS
Q 41 as above but with a timer. £71 (b) 2;)_:':5;?” fa’:,‘: "J: B-agz 1205 1&“@% 1503 8 pf:\'r\‘lide% Co?\n':::(t:ogrioopp

_—
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A METAL
Z80A COMPUTER

Colleges, Universities, Individuals: Buitd your
own modular Z80A-based metal 19” rack
and card Interak computer. Uses commonly
available chips — not a single ULA in sight
(andproud ofit). If youcan getyourown parts
(but we can supply if you can't) all you need
from us are the bare p.c.b.s and the manuals.

i* Iz ‘r | Interak 1°s greatest |- |- |-
o | |88 asset — space for “i L.
o of expansion. |
| | e (Up to 8 more cards I;:'
4%" x 8" each) 3

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

The Interaktion User Group has 14K BASIC,
Assembler, Fig Forth, Disassembler, Debug,
Chess and a Book Library, Newsletters etc.
No fears about this one going obsolete —
now in.its fifth successful year! 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!

Greenbank —-—-—'/

Greenbank Electronics (Dept T6E), 92 New Chester Road
New Ferry, Wirral, Merseyside L62 5AG '
Telephone: 051-645 3391

pantechnic

POWER AMPLIFIERS
CONTROL CIRCUITRY

W for applicationin

INDUSTRY
PUBLIC ADDRESS
HI-FI

| available

OFF THE SHELF
CUSTOMISED
C A D DESIGNED

W design manufacture and supply

HIGH POWER ASSEMBLIES

tel. 01.361.8715 132 High Road

telex 266 873  New Southgate
PANTEC G LONDON N11 1PG.

(Pack 1) Main 8slotxtboard (tested and fully gtd)... .£490.00

(Pack 2) 130w Power supply complete................... £150.00
(Pack 3) Multi I/0 inc clock calendar, serial port floppy
controller, light pen portetc. ........ccccccoccenvenenn. £256.00
(Pack 4) Colour graphics card (16 colour).............. £195.00
(Pack 5) Metal case assembly complete ................ £112.00

(Pack 6) 360k 40t Double sided disk drive (each).......£145.00

should you have any difficulties.

Telephone (0782) 414333 or 415787 now.

Full kit of parts to the above Spec ...........ccccceevecvvveveecricrenne.

KIRKLANDS BUSINESS

MACHINES

Now available for the first time in kit form in the U.K. the
fabulous new KBM Canary System Five IBM-Compatibile

computer

Specifications:

Full IBM-XT Compatability

8 slot main board dual 360k Teac drives
Colour card

Multi 170 card 130w Power supply
128k RAM as standard (upto 1Mb) Metal case assembly
8k BIOS — XT compatible 1 Year warranty
...£1699.00
OR

Build the KBM at your lesiure with the following sub assemblies:
(Pack 7) Keytronics Type keyboard ................
(Pack 8) Speaker assembly ...........ccc.ccccoeenn..
(Pack 9) Full cable Kit...............ccoeevvicniiiriinnns

(Pack A) Hardware Kit (free with case assy)

(Pack B) 64K dram kit...........ccocovvvviiniiiiicnn,
(Pack C) Complete set of manuals..................o........ .
(Pack D) KBM BIOS (only available with main board)....£55.00

The KBM Canary System Five will run ALL KNOWN IBM-PC-XT SOFTWARE and the system comes with A FULL 1 YEAR
GUARANTEE AGAINST FAULTY PARTS. We offer a tele-support service for all our customers and a get you going policy

All prices exclude V.A.T. and carriage as follows: All goods under £100.00 - £5.00. Goods over £100.00 -. £10.00.
Education orders are cartered for, Telephone for details. Access and Barclaycard are Welcome.
Contact: KIRKLANDS BUSINESS SYSTEMS LTD, KIRKLAND HOUSE,
27 CITY ROAD, STOKE-ON-TRENT ST4 1DH OR WRITE TO
KIRKLANDS BUSINESS SYSTEMS - FREEPOST - STOKE ON TRENT ST4 1BR
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TIME DOMAIN
ANALYSIS

Let your computer do the work after reading Andrew
Armstrong’s introduction to circuit simulations using BASIC.

analysis software packages available for some time.

Time domain analysis, however, is a simple tech-
nique which can be used in BASIC programs on a home
computer to analyse circuit performance. The
simplicity is due to the fact that analysis is carried outin
the time domain rather than the frequency domain..

Frequency domain analysis means calculating the
frequency response, and perhaps the phase response,
of a linear circuit. The problem is that, even for a very
simple-looking circuit, the equations describing the fre-
quency response may be very complicated. Usually,
though, the DC behavior of the circuit can be calculated
much more easily. What this time domain analysis tech-
nique does is to use DC equations for circuit perfor-
mance, and to apply these equations repetitively at
small increments of time. Any required input waveform
can be specified as a function, or as a set of data points
giving the input voltage at each increment of time.

During each time increment, it is assumed that
currents and voltages are constant, while new values
for these quantities are calculated. In the first part of
the circuit in Fig.1, for example, the charging current of
C1 is assumed to be constant during the entire time
increment. In reality, the current would decrease
steadily as the capacitor charged, so the calculated
increase in the charge on the capacitor is greater than
the true value. Clearly, the greater the time period, the
greater the error. For this reason, a very small time
increment is used, and some circuit configurations are
analysed using several steps of calculation (ie several
time increments) for each point plotted. In effect, time
domain analysis involves the integration of equations
by numerical approximation. Since they are DC equa-
tions, things are relatively simple.

There are a number of circumstances where time
domain response is more meaningful than frequency
response, of which one obvious example is video. For
example, if a low pass filter produces rings and ripples
in a square wave signal rather than rounding it off
cleanly, those rings will show on the screen - yet the
frequency response of the circuit producing the rings
may be identical to that of one giving a clean
rounding.

Of course, given that the computer time is available,
there is no reason not to carry out frequency response
analysis by time domain methods. This transfers the
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T here have been complicated and expensive circuit

burden of repetitive calculation to the computer rather
than the programmer, so that the circuit designer can
devote his or her time to thinking about circuit con-
figurations rather than trying to solve equations using
complex numbers, which require a piece of paper
turned sideways just to write. (And that'sonly a second
order low pass filter!).

DC Analysis

Taking the example of a passive RC low pass filter as
in Fig.1, the method of writing the program s, first of all,
to write a set of DC equations. These must be chosen
so as to be able to be calculated sequentially.

Taking the circuit of Fig.1 as the first example, the
equations are:

Fig.1 Low pass

filter network. @ m @1'& @,‘:}o @

e 2
INPUT C1 C2

100n'r 10nT

13—

C3.
1 I
-0

oVO—
190 ° frslogue Circurt analysis program - MAIN PROGRAM
o0 et ew Arestrong @6 February 1903
o ©
AM CaMEEN 1, n,.0 (LS’ Select and clear araphics screen
A Oraw 9rid for graph
t 1 N-xw 1O 436 STEP S@:LINE (N, 0) - (N,63) ,..83690" :NEXT N'Vertical ltines
o) INE (38,0 - (0,6 "LINE (@.63) - (873,60 ° Draw axes
W 1 INE €W, 559D - (873,380 ,,, 30932 :LINE (39,13 - (873.13) ...61699' "Hariz. lines

ORTICT e Y

1o 11 Nzl TO 8 M= (30¢ (NeS@) ) 879/873: LOCATE N, 8:PRINT N::NEXT N’ Number scale
1160 1ie ATF 2, 2.PRINT “-1-":LOCATE 2.%:PRINT-@ 3°° Number scale
1.0 11 INEYS c271° THEN 120° Do not print "0K” over the graph 'emediately

1 us NG

tan

19y assive (PC) lowpass filter calculation

Toas *

L760 HL=liwnn ! -R2e 100006 :C1 =, 00000a1

1w 1 2. |E-08:R3I5IEc@6-CI=1E-@9:DT o 08@0]

1% $ORP N=® TO 474

s [F NCID THEN V1e@ ELSE V138

Sle 113 (V1-V2) /R1:V2sV2¢DTe (11-12) /CY° First node

Soen 128 (V2-VI) /R2:VIsVIDTe (12-13) /C2° Second node

sm 13 (VI-Va) /RI:Va=VaeDT1I/C3” Output

40 FSET (N, 63-Va) :PSET (N,63-V2) :PSET (N, 63-V3) * Plot output and nodes on @ aph
S NEXT N:RETURN

Listing 1

GRAPH 1

23]
=

MILLISECONDS

Graph 1 Print-out of low pass filter network simulation.
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11 =(V1-v2)/R1
V2= (11-12) * T/C1
and similarly for the second and third parts of the
circuit;
12 =(V2-V3)/R2
V3= (12-13) * T/C2
14 = (V3-V4)/R3
V4 = (13-14) * T/C3

The input waveform, V1, is any arbitrary function
which is convenient to generate in software. In this
case a simple step is used to demonstrate time
delay.

A BASIC program to calculate this is shown in Listing
1, and its print out in Graph 1. The number of steps in
the loop is set to be suitable given the response time of
the circuit in question. Equally, the value used for V1 is
set by the Y scale required, though it would be just as
simple to use the value 1 and then scale the answer
later on in the program.

The only formulae needed to generate these equa-
tions are Ohm's law, and the formula for the change in
voltage on a capacitor subjected to a steady current for
time T: V = I*T/C. In each small time increment for
computing purposes, the current is assumed to be con-
stant, and the change in voltage is added to the pre-
vious total. The initial condition used in this program is
that all currents and voltages are 0, which is the default
condition of the dialect of BASIC in use here.

The shape of the graph showing the response to the
input waveform is of interest in that it shows a distinct
difference from the exponential charging characteris-
tic of a single R and C. If many stages are added, the

oV O

Fig.2 Cascaded time constant circuit.

S 0IM V(18 ° Array to store node voltages
1@ ° Analague circuit analysis program - MAIN PROGRAM
20 ° Andrew Armstrong ©6 February 19689

e *
4@ SCREEN 3,0,0:CLS" Select and clear 9raphics screen

e " Oraw ari1a for graph

60 FOR N=S8@ TO 430 STEP B@:LINE (N.®) - (N,63) ., ,83699"' :NEXT N'Vertical lines

7¢ LINE (3.0 - (70,62 LINE (0,63 - (473,63 Draw axes

BO LINE (36,38) - (473,38 ,,.34932': LINE (30,13 - (473,1D) ,,.61680 ' Hor1z. lines
9@ GOSUB 170

10@ FOR N=1 TO £:M= (D0 (Ns30)) 79/7473:LOCATE M, 9:PRINT N; :NEXT N’ Number scale
118 LOCATE 2.2:PRINT "-1-":LOCATE 2.3:PRINT-®.5"" Numsber scale
120 IF INKEYS <>%1° THEN 120° Do not print "0K” over the graph 1mmediately
138 END

160 °

150 ° Cascaded time constant siaulation

160 *

170 R1310000'-C1s_ 0000001:0T2. 00001 :V (®) =36

1990 FOR Nu30 TO &474

2006 FOR M=1 TO 4° Extra accuracy loop

210 FOR L=@ TO 9° Tima constant cascading loop

220 I= (VL) -V L)) /R

230 VILs1) =V (Ls1) s0Tel/CI

260 NEXT L

250 NEXT M

268 PSET (N.63-V(11)) :PSET (N.63-V (D))

279 NEXT N

200 RETUPN

Listing 2

GRAPH 2

q
—
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/
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A 14 16
MILLISECONDS

Graph 2 Print-out of cascaded time constant simulation,
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FEATURE:

Time Domain Analysis

result will look like Graph 2 in which a single RC time
constant is shown for comparison. In this graph, it is
assumed that the current drawn from each RC stage by
the succeeding one is negligible, or that they are
separated by voltage followers, as in Fig. 2. The effect
of ten cascaded time constants is plotted. The routine
used is shown in Listing 2.

Oy ©® g ©

b l*ﬁ” i IJ/ @
Y
mg: ve 102 >
T 4 O’T V4= V3
b

Fig.3 Active low pass filter circuit.

1@ ° Analagus circurt analysis program - MAIN PROGRAM
20 ° Andrew Armstrong ©6 February 1983

e *
%9 SCREEN 3.0,0:CLS8’ Select and clear 9raphics screen

Se Oraw arid for graph

60 FOR Ne9S® TO 430 STEP SO:LINE (N, @) - (N.63) ,,.43690' :NEXT N'Vertical lirnes

70 LINE (30,8 - (30,63 :LINE ®.63) - (473,63 " Draw axes

80 LINE (30,38) - (473.38) ,,.34932':LLINE (39, 13) - (473,12 ,,.61600°"Horrz lines
90 GOSUB t7e

100 FOR Nei TO O:Ms (IDe (NeS@) ) #79/473:LOCATE M.O:PRINT N, :NEXT N’ Number scale

116 LOCATE 2,2:PRINT ~-1-":LOCATE 2,3:PRINT-®.3"" Numsber scale
120 IF INKEY$ <>"1" THEN 129" Do not Print “OK~ over the g9raph 1mmediately
130 END

190 °

150 ° Active lowpass fi1lter misulation

160 °

170 R1+10000':R2=10068':Cle1.2E-07:C222.2E-06:0T72_000a1:V]1e50
19¢ FOR NeJ@& TO 474

19¢ FOR M=1 TO &

200 1= (V1-v2) /R)

210 VCaVCe (11-12) 8DT/T1:V2aVCeVd

220 12 (V2-VJ) /R2:VI=NI+ [280T/C2

23¢ NEXT n

260 PSET (N,63-VY)

23@ NEXT N:RETURN

Listing 3

3 et N GRAPH 3
°‘|// l
] 1 ¢ k1
MILLISECONDS

Graph 3 Print-out of active low pass filter simulation.

Overshoot

The technique can easily be applied to active circuits,
such as the low pass filter shown in Fig. 3. The compo-
nent values for this circuit are chosen so that itis under-
damped. This results in an overshoot in the response to
a step function, as shown in Graph 3.

Conventional wisdom also has it that there will be a
peak in the frequency response, but more of this later.
Listing 3 shows the equations used - the first part of the
program, which draws the scale, is similar in all cases.
Note (line 180) that the loop starts at 30 instead of at 0
as in Listing 1. This eliminates the need for the IF state-
ment (Listing 1, line 200), which was only there toiillus-
trate the application of an input step function.

The inner loop of M (Listing 3, line 190 to line 230)
allows the calculation of four points for each one plot-
ted on the graph, so that if high rates of change of any
variable occur, a reasonable accuracy can be achieved.
The size of this loop may be set as large as necessary to
achieve good accuracy, but remember that each step
of this inner loop is one time increment, so the step
size DT should be scaled down appropriately to obtain
the benefit from this. Otherwise, the time scale will
simply be compressed, and the accuracy the same.
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COMMENTS ON LISTINGS

The computer for which the programs were written, an Epson
PX8, has available a graphics screen, on which the individual
LCD points may be set. It is numbered from 0,0 in the top left
hand corner to 479,63 in the bottom right hand corner. The
screen contents can be copied to a suitable printer using the
screen dump mode. Once the purpose of the graph plotting
statements is understood, there should be little difficulty in
performing the nearest equivalent operations on another
machine.

As well as being able to set individual points, lines can be
drawn, Itis almost as fast to draw aline as to set a single point,
so this is employed in lines 60, 70, and 80, as shown on Listing
1, to draw the framework of the graph. The line is drawn to the
bit pattern of a repeating 16 bit binary number corresponding
to the number specified after the three commas in the line
statement, the default being a solid line.

Character positions may be specified in x,y co-ordinates,
starting with 1,1 on the top left, and finishing with 80,8 on the
bottom right. Only whole character positions can be used, but
the statement in line 100 LOCATEs the nearest position to the
vertical scale lines, which are every 50 pixels for ease of
calculation.

To avoid the message “OK” being printed over the graph,
the INKEYS function is used in line 120 to keep the program
twiddling its thumbs in a loop and allow time to press the
screen dump button.

The calculation part of the programs is quite straight-
forward, and is detailed earlier on.

The only particular point of interest is that a smaller time
increment is used in programs 2, 3 and 4 than in programs 1
and 5, and four steps of calculation are carried out for each
point plotted. This reduces an otherwise unacceptable cumul-
ative error in the cascading loop in program 2, In programs 3
and 4 the same technique copes with the high rates of change
or voltage in the circuits being simulated.

Listing 4 shows the use of an input waveform other than a
step at time=0. A sine wave is used, though any definable func-
tion may be used. R1 makes writing the equations con-
venient.

@ R N @IZo @IJ‘ @I‘o
VR wL L 3
[ [ %Co=
0V O T T

Fig.4 Lumped constant transmission line - equivalent
circuit,

R = 100R
R L= 1mH
C = 100n

10 ' Analogue cCircurt analysis program - MAIN PROGRAM

20 ' Andrew Armstrorg 86 February 1983
3 -

49 SCREEN 3.0.0:CLS’ Select and clear graphiCs Screen

" Oraw 9rid for graph

60 FOR Ne8O TO 436 STEP S@:LINE (N.®) - (N.63) .. .83690 ' :NEXT N'Vertical lines
70 LINE (30.0)-(30,63) :LINE (0,63)- (473,63 " Draw axes

80 LINE (30,38) - (473,38),,,.34932' :LINE (30,13 - (473,13} ,.,61680' " Hor1z lines
90 GOSUB 170

160 FOR Nu=l TO 8:Ma (30+ (N#S®) ) #79/673: LOCATE M, 8:PRINT 20eN: :NEXT N

110 LOCATE 2,2:PRINT “-1-":LOCATE 2.3:PRINT;® 5"" Numsber sScale
120 IF INKEVS <>"1" THEN 12€° Do not print "0K" over the 9raph i1mmediately
130 ENO

140 °

150 ' Lumped constant transmission line si1esulation

160 °*

170 L=, 001:Co 000001 :R1°100:R22100:DT V00000 : Vi =10@

¢

180 FOR Ne3@ TO &47a&

190 FOR Ms| TO &

200 [1211+0Te (V1-V2-VR) #2/L:VRe] 1eR1:V2uV2+DTe (11-12) /C
219 120124 (V2-VI) #DT/L:VIaVIeDTe (12-13) /C
220 I3u13¢ (V3-V&E) aDT/L:VasVasDTe ([I-]1a)
230 NEXT M

269 PSET (N.63-V2) :LINE (N.63-VA) - (N.62-Va) ‘Plat first node and output
250 NEXT N:RETURN

Listing 4

®2/C: la=Va/R2

05 V!/ V4
L/

_ [ ]
20 ) 80 80 100 120 i 100
MICROSECONDS

Graph 4 Print-out of lumped constant transmission line
simulation.

—

The only limitations on the size of the loop are how
long you care to wait for an answer, and how long your
computer is liable to be left undisturbed chonking
away in peace while you do something else. In prac-
tice, | have found that the time taken to eat lunch is a
reasonable limit but really fast machines may never
need this long. Compiled Basic (or any compiled
language) is to be preferred for complicated
simulations.

The only significant difference between the active
and the passive filter simulation is that the voltage
across C1 is measured relative to the op-amp output
instead of relative to OV.

Lumped Constant

The same idea is applied to the voltage across the
source resistor in the lumped constant transmission
line simulation (Fig. 4, Listing 4 and Graph 4). The resis-
tors chosen are of the nominal impedance of the line,
vV L/C, so the output rings only a little, It is left to the
reader to experiment with other values of R1 and R2.
50R gives some entertaining rings!

In principle, this simulation could be applied to
almost any linear circuit. If many similar stages were to
be simulated, even though they had different values, it
would be better to use a loop as in Listing 2, and to
refer to component values stored in arrays.

22

Frequency Response

All the analysis shown so far gives only the time
response of a circuit. There are at least two ways in
which it can be adapted to provide a plot of
frequency response.

The first and most obvious method is to make the
input voltage a sinewave, instead of a step function. A
large number of cycles is applied to the circuit to allow
the circuit to settle, and then the output signal is plot-
ted, or its amplitude measured and the result stored in
an array. The frequency is then incremented and the
procedure carried out again. It is clear that such a pro-
gram would take a long time to run, so the writing of
code is left as an exercise for the reader.

There is another method, still under development,
which should turn out more elegant and faster to
execute. If the output signal from the circuit were to be
spectrum analysed, perhaps by a Fourier transform,
and compared with the frequency spectrum of the
input, then the frequency transfer function of the
simulated circuit could be determined. Phase informa-
tion would be available as well.

Fig.5 A current limited I

op-amp configuration. ¥ T

s

ET! JUNE 1985



FEATURE: Time Domain Analysis

10 ° Analoaue circuit analysis proaram - MAIN PROGRAM

20 °  Andrew Armstrona @6 February 198%

2 *

40 SCREEN 3.0.0:CL8' Select and clesr araphics screen

se * Draw arid for, araph

60 FOR Ne80 TO 430 STEP SO:LINE (N.9) - 1N.63) ...43690' : NEXT N' Ver tica' lines
70 LINE (30.0) - (30.63) :LINE (30,31) - (873,31 * Draw a-es

90 GOSLE 160

96 FOR N2t TO 8:Me (30+ (N®50) ) ¢79/473: LOCATE M.4:PRINT N::NEXT N'Number cals
160 LOCATE 2.4:PRINT --@-"* Nusber scale
110 IF INKEYS <>~1" THEN 11@° Do mot print "OK- gver the arash 1mmediatelv
120 END

148 * Current limited op-amp simulation

160 R1=470:Cla] SE-07:0Ta 00002: ANGLE=ATN (1 ') 725:GAIN=) 000
176 FOR Ned® TO a7a

160 V1=30¢SIN (ANGLE® (N~30) )

190 VOeGAIN® (V1-V2) sV

200 IF VO>30 THEN V@s30

210 IF VO<-30 THMEN Vees-3@

220 110 (VO-V) /R1:IF 11>.006 THEN [1e_006
230 IF 11¢-.006 THEN [le - 006

209 V2ev2+11e0T/Ca

230 PSET (N.31-V1) :PSET (N,31-V2)

260 NEXT N:RETURN

Listing 5

GRAPH &
—r—

11> /

MILLISECONDS

Graph 5 Print-out of current limited op-amp simulation,

This technique should work well, because the fre-
quency spectrum of the input step function is con-
tinuous, theoretically from zero to infinity (but only if
the simulation is for an infinite period!). Any reason-
able range of frequencies is liable to be able to be plot-
ted with little difficulty, once the numerical spectrum
analysis is working.

Further Applications

So far, only linear circuits have been considered. It
is easy to add the effects of non-linearity anywhere in
the circuit by using IF statements. For example, current
limiting may be represented by:

IF1>6E-3 THEN | = 6E-3: IF I<-6E-3 THEN | = -6E-3

This limits the current to + 6 milliamps, typical of
. the response of some small op-amps. The effect of a
current limited opamp connected in the circuit shown
in Fig. 5 is simulated by the program in Listing 5, which
feeds a sine-wave into the circuit, and gives the output
shown in Graph 5.

This circuit is a first approximation to a model for an
op-amp. Equally, a conventional model may be used to
simulate a transistor, with sets of values stored in arrays
to enable a single transistor simulation subroutine to
be used for a multi-transistor circuit.

GRAPH 6

20°¢

S~

MINUTES L

Graph 6 Print-out of heater control simulation.

The technique can be used for digital and control
circuits. For example, Graph 6 shows the effects of PID
(proportional, integral, and differential) control using a
computer in conjunction with a heating system. In this
case, the simulation can be very close to the truth,
since the measurements would be sampled and the
sampling period of the program can be made identical
to that of the system to be used. The thick line on the

. ETI JUNE 1985

THERMAL RESISTANCE TO OUTSIDE = R1 QUTSIDE TEMP = TO

ROOM WITH THERMAL
CAPACITY, C1 >
TEMP HEATING
% S
AN
BURST
FIRE
CONTROLLER
k2 d
t
xK1
SET
POINT
K3sdt '——j

Fig.6 Block diagram of heater control circuitry.

18 "Aircondi tioning simulation program A. Armstrong & Feb. 198%
20 SCREEN 3.0,0:CL5'Select and <lear g9raphics screen
%

40 Oraw grid fer graph

o ¢

60 FOR NeB® TO 450 STEP S0:LINE (N.@ - (N.63) ,.,83699" : NEXT N'Vertical lines
70 LINE (30,0) - (30,63 :LINE (36,63) - (473,63 ° Draw axes

80 LINE ©30.13) - (473.13)...61680'" Aiming point
90 GOSUB 130" Call calculation routine
100 LOCATE 55.8:PRINT-60~::LOCATE 1,2:PRINT-204C""

110 1F INKEY$ ¢>~1" THMEN 110" TYPE 1| FOR A PRINTED COPY

120 COPY:END’ THE END OF THE MAIN PROGRAM

136 C1=100:R1=20: T@20:DATe2. IAT» 13:PBe3:SPe2¢-DT= . 05: HTC21 ' Times 1n minutes
180 XeDTe 3I6/HTC:Yoi1-X'Maater time Constant

13@ KJsDY/IAT

166 DT=DTe60" convert to seconds

170 BAND= 13+ (PBe2.%3)

180 LINE (30.BAND) - (473, BAND) ., , J4952°
19@ Ki=1/PB

200 K221/ (DATeDTePE)

210 ONE = DT One Vilowatt of cosling = 1stime Increment

220 FOR N=30 TO 479

23¢ FOR LOOP=1 TO &

240 HPe (SP-TEMP) oK1 : MD K20 TD

230 HaHP

268 IF H>1 THEN Mei

270 YieYlsMeK3' INTEGRATE HEATING DEMAND (WITHOUT INTEGRAL TERM)

Scale mmberi..9

Oraw proportional band lower limit

200 IF YI<® THEN Y1s0:1F Y131 THEN Yiel'KEEP INTEGRAL WITHIN LIMITS
290 IF H>.99 THEN YI=0'ND INTEGRATION OUTSIDE LINEAR CONTROL REGION
300 HsHP+Y] -MD

10 IF H<O THEN Hed:[F H>1 THEN He|

320 IF H>1 THEN M=)

330 TPREV=TEMP

340 MEATsDToHe2 SeYsHEATeX' THERMAL MASS OF HEATER

IS8 LOSSESs (TEMP-TH) ¢DT/RY

360 IF N>229 THEN LOSSES = LOSSES+ONE'ADD | KW OF COOL ING SUDDEMLY
376 TEMP=TEMP+ (HEAT -LOSSES) /C1

00 TD=.3eT0+. 1 & (TEMP-TPREV) " SIMPLE DIGITAL FILTERING ALGOR I THM

I9@ NEXT LOOP

400 T1=2 SeTEMF

410 PSET (N.63-T1)

420 PSET (N,63-30eM) -PSET (N.62-S0eH)

430 NEXT N:RETURN

Listing 6

graph represents heater power, the thin line repre-
sents temperature. At time 40 minutes, an extra
kilowatt of cooling is introduced (to model, say, a win-
dow being opened). The graph shows the effect of such
a disturbance to the system.

In this example, the maximum heater power is
assumed to be 2.5 kW, the room to outside tempera-
ture insulation is 20°C per kW, and the outside tem-
perature is 0 °C. The thermal capacity of the room is
assumed to be 100 kilojoules per degree, and the time
constant of the heating element is about one
minute. ETI
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FEATURE

THE REAL
COMPONENTS

In this, the fourth article in his series, John Linsley Hood
looks at transistor parameters and design calculations based

upon them.

tronic circuit will behave, and in the case of valves,

this was quite straightforward. Transistors are a dif-
ferentand rather more difficult matter, not helped very
much by the fact that there are such a wide variety of
terms and symbols used by different manufacturers
and text books to describe exactly the same thing,

However, it looks more difficult than it is — at least
at low frequencies — to do the sums, and | propose to
try and prove this. But first, we must specify the mean-
ing of the terms.

Resistance Well, that is straightforward enough,
and just defines that quality in the obstruction of
current flow which causes a voltage drop (or potential
difference). R=V/I.

Impedance Basically the same thing as resistance,
but allowing for the fact that there is some capacitative
or inductive component in the resistance to current
flow, so that the actual value will be different at dif-
ferent frequencies. Pure resistance is an uncommon
thing in real life because most obstructions to current
flow are, in truth, impedances, so this is a word which
can be used to describe what one means without much
risk of contradiction.

Conductance This is the reciprocal of resistance,
and is measured in amps per volt (1/V) instead of volts
per amp (V/I).

Admittance This is the reciprocal of impedance, and
again is given in terms of amps per volt, but at some
specific frequency. Both conductance and admittance
are expressed in Siemens (=S). 1S=1lamp/volt,
TmS=1mA/V, and so on.

The symbol R is conventionally used to indicate
resistance, and Z to indicate impedance. G is used to
indicate conductance, and Y for admittance.

When dealing with transistors it is customary to
look at them as small ‘black boxes’ with four terminals.
The input circuit is labelled 1 and the output circuit is
labelled 2, as shown in Fig. 1a or in the equivalent cir-
cuit shown in Fig. 1b.

Conventionally, again, the currents which flow in
circuit 1 as a result of the voltages applied to the input
terminals are referred to as 11. Those which flow in the

I tis auseful thing to be able to calculate how an elec-
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output as a result of voltages in the output are referred
to as 22 and those which flow in the output as a result
of currents in the input are described as 21 and so
on,

Originally, the input characteristic was measured as
animpedance, Z, givingrise to terms like Z11 to define
the inputimpedance, and the output circuit defined as
an admittance, so that the output admittance would
be specified as Y22. Nowadays, it is much more com-
mon for these to be known as h or’hybrid’ parameters,
so that Z11 becomes h11 or h;, and the output admit-
tance Y22 becomes h22 or h,,.

CIRCUIT 1
CIRCUIT 2
|

Fig. 1 A ‘black box’ representation of a junction
transistor (left) and the equivalent circuit (right).

However, in addition to these we have the transfer
characteristics, such as the forward current transfer
ratio. This is written as hF if we are talking about DC
values (usually referred to as static conditions) or hf if
we are referring to dynamic (AC) characteristics. The
reverse, or feedback parameter, h12, becomes h,.

This is complicated a bit by the fact that all of these
parameters are affected by the way in which the tran-
sistor is used. If it is used in the common emitter con-
figuration with the signal applied to the base, the
output taken from the collector, and the emitter tied to
the OV line, these various parameters become hg or hy,,
hee, .. and so on. Similarly, if one ties the base to acom-
mon supply line potential, and applies the signal to the
emitter, these parameters woultfge defined as hy, hob,’
and h,,
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Fig. 2 A practical, common-emitter transistor gain stage

which may be used for performance calculations.

Unlike valves and FETs, transistors have a DC con-
ductive path between their three connections, so the
output impedance is influenced by the input circuit
impedance and vice-versa, and all of these including
the current gain, are influenced by the operating
current of the device.

A fairly full data sheet for a transistor should include
§raphs which show the way in which hg varies as a

unction of operating current. ldeally it shouldn’t vary
very much, and in the better modern types it doesn’t.
The graphs will also show the way in which the input
impedance will vary with emitter current, but this will
usually be quoted only for the common emitter con-
figuration since this is the most widely used arrange-
ment. If this isn’t quoted, a fairly useful rule of thumb is
that the input impedance (h,.) is 25x the current gain
for a TmA emitter current, and increases, roughly in
proportion, as the operating current is decreased.
One should also find values for the output admittance, as
us or pA/V, and the reverse transfer ratio, hre.

The formula for calculating voltage gain, in the com-
mon emitter configuration shown in Fig. 2, is —

he xR,

v

hie + R+ Ane X R,

Ahe, the common emitter configuration correction
factor (hie. hoe. - hee. h..) is often small enough to be
ignored, so the gain equation simplifies to —

he X Ry
A= -
hie + Rs
Let's take a genuine example, such as the Mullard
BC559, and go through these calculations for an
operating current of 0.5mA. The gain of the circuit
shown in Fig. 2, at a frequency in the AF range where
the impedances of C1, C2 and C3 are small enough to
ge ignored, can be calculated using the published
ata:-

he=270 he=10k

h,e=25uA/V. h,e=0.001.

which gives a value of 0.52 for Ahe.

However, we have to take into consideration the
source impedance (R), which in this case | have
assumed to be a signal generator with a 600 ohm out-
put. This must be added to h.

270 x R,
10k + 600 + 0.52 ¥ 8-
4

A

26

so the voltage gain becomes —

270 x 15k

10k6 + 0.52 x 15k

This is a very favourable condition, since | have also
assumed an output impedance which is very high in
relation to R4. If, however, the transistors were driven
from a similar stage, where the output impedance is
R4//Z,. (40k//15k = 10k9), and it was loaded by the
inputimpedance of a similar transistor, (Z,,= 1 0k), the
gain would come down to —

-270 x 10k9//10k

20k9 + 0.52 x 5k2
= 60
which is a much more typical figure.

—>Vee
Ein a1 R2
{Rg = 15k E
g = 15k) ouT -
R1 Eino—]
k0
(2, = 600R)
ov R1
R3> C2Z
O—
Fig. 3 A transistor Fig. 4 A high gain
arranged as an emitter transistor stage.
follower.

Another useful calculation to be able to make is that
to discover the input and output impedances of the
impedance converting emitter follower circuit of Fig. 3.
This is,

Z,=(+hy) xR1,
and

Zow= RJ/(1+he) // R1.

For a transistor such as the BC559, driven from a
15k source, the outputimpedance willbe 52 ohmsand
the effective input impedance will be 271k.

The lesson which can be drawn from this is that, for
high stage gains, low source impedances and high out-
put impedances are imperative. However, there are
snags. The first of these concerns the effect of output
stray capacitance in Earallel with the load.

Let us assume, in the case of the circuit shown in Fig,
4, that we we have contrived a constant current source
as the collector load and this has an effective dynamic
impedance of 200k at a collector current of 0.5mA.
Using the circuit parameters of Fig. 2, this will give us a
gain of 471 at lowish audio frequencies, and if we are
driving an emitter follower or similar high impedance
load we should not diminish this too much.

However, suppose we have a stray capacitance of
100pF in parallel with the output circuit. The output
impedance will then decrease with frequency until, at
about 7kHz, the stage gain will have fallen to half its
low frequency value.

An aspect of this capacitance load effect which is
familiar, and worrying, to audio amplifier designers is
the combined effect of a constant current source load
and stray capacitance when the amplifier is asked to

ETI JUNE 19885



;om/l_/l_/L

Fig. 5 Slew rate limiting caused by stray capacitance on
a constant current source load.

handle a waveform having a rapidly rising voltage tran-
sient. | have shown this in Fig 5.

With the circuit shown, the amplifier stage may
behave quite well on negative-going transients when
the transistor, Q1, can pump current into the load, but
ona positive-goin% waveform, the rate of charge of the
capacitor is strictly limited by the constant-current
source to 0.5mA, which gives a geautifull linear charg-
ing rate to the capacitance. This is Iovery in the time
base generator of an oscilloscope, but audibly very
nasty in an audio amplifier. It gives rise to the defect
known as ‘slew rate limiting’, which is one of the all-
E%o-lf.requent causes of displeasure in less than high
idelity.

Another related problem inherent in the transistor
is that of the Miller effect, due to the capacitance bet-
ween the base and collector. Since the stage inverts
the phase of the signal, at least on non-inductive loads,
the side of the internal capacitor electrically connec-
ted to the output will rise in potential as the input side
falls. If the gain of the stage is M, this has the effect of
making the capacitor look like M+1 times its static
value, as shown in Fig. 6.

"VCC

Eout =-Mg,, Eg

Ein Me11Cge

ov T — 0V

Fig. 6 Miller effect, whereby inherent capacitance
between base and collector is magnified in value.

Supposing, therefore, that the stage gain is 150x,
and the base-collector capacitance is 5pF, the actual
capacitance seen at the transistor end of the source
resistor is 5 x 150pF = 750pF, which will have a con-
siderable effect on the HF response of the circuit.

Other Parameters

Noise figure This is expressed in decibels, and is a
measure of the extent to which the transistor input
noise (output noise divided by stage gain) is worse
than that which would have been due just to the input
resistance on its own. All resistors generate noise, the
higher the resistance value and the higher the tempera-
ture the worse this will be. The formula is —

\/4xKxTx 6f x R

V,=

where K is Boltzmann'’s constant (1.38x10-23), T is the
absolute temperature (°K,) and 6f is the bandwidth.
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A typical graph showing the way the noise figure of a
transistor varies with collector current and source
resistance is shown in Fig. 7. Since the noise will
increase at high input resistance values anyway, the
best transistor to use if one wants the lowest noise is
the one which will give a low noise figure at the lowest
useable input resistance.

NF = 10dB
LOWSET OVERALL

NOISE OUTPUT
AT Z;p = 100R, Ig = 300uA

T
10uA 100uA mA 10mA

Fig. 7 The noise performance of a BC559 as a function
of input resistance and collector current.

Happily, improvements in device manufacture
have led to better characteristics, so, if you have a
choice, use a device with a high 2N or BC number,
rather than a low one. A BC549 is likely to be a better
device, at the same cost, than a BC109, since these are
both of the same type, only differing in date of design.
Surprisingly, PNP small signal devices are better than
NPN in this respect because the current flow in the
base region — which is of N type — is due to electrons
rather than holes.

Transition frequency As the operating frequency
increases, so the current gain of a transistor will dec-
rease. NPN devices are normally better than PNP ones
in this respect, and since the problem is due to
electron/hole mobility in the base and collector
re%ions, devices with thin, highly doped base and
collector layers, which will inevitably have a relatively
low breakdown voltage, will be best in this applica-
tion.

The parameter f; can be thought of as the frequency
at whicﬁ the current gain will have fallen to unity.

Breakdown voltage This can be due to several
mechanisms, and is usually destructive unless the
current which can flow is limited by some external
resistance to a value which does not cause the local
thtlermal dissipation of the device to exceed a safe
value.

One of the mechanisms is punch through, which
occurs when the depletion layer in the base region
resulting from the applied collector voltage extends, as
V. is increased, until it reaches the emitter region.
When this happens, the base effectively loses its iden-
tity and there is no longer a PN junction to prevent
current flow. If the collector region is heavily doped to
allow high current flow, the number of minority carriers
diffusing into the base will be greater and the deple-
tion layer wider for any given applied voltage, leading
to a lower punch thiough potential.

A second mechanism is the Zener effect. In a highly
doped material, a reverse bias will cause the valence
band (containing minority carriers) to overlap the con-
duction band in the semiconductor junction (contain-
ing majority carriers, ie, electrons) and current will
flow. A small-signal transistor can be used as a cheap
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Table 1 junction transistor performance calculations using h parameters.

zener diode of about 5-6V if it is connected with its
emitter reverse biased in relation to its base. This is

because the emitter is usually a very heavily doped .

region. Normally, if the current is held to a sensible
level, no damage will occur. The collector should be
connected to the base in this application, to keep it
from joining in as shown in Fig, 8.

A third mechanism, avalanche breakdown, occurs
in lightly doped high voltage transistors if too high a
voltage is applied. In this, carriers entering the deple-
tion region ‘are accelerated by the applied potential
and, if their velocity is high enough, collisions within
the material will generate ion-pairs and further carriers.
The result is much like an avalanche, and usually just
about as welcome. An exception to this is in avalanche
diodes where this mechanism is used to beneficial
effect.

In transistors, avalanche effects are greatly influen-
ced by the external base-emitter circuit resistance, and
this is the reason why, in general, high voltage and
power transistors require conditions of use in which
the base circuit resistance is low.

Power Transistors

In principle, one can do all the calculations for
power transistors that one can for small signal ones,
except that the manufacturers are a lot less forthcom-
ing about the input and output h values. This is
because power devices are mainly only used in
applications where, as emitter followers or drivers of
low impedance loads, the stage gain is a lot less impor-
tant than the ability of the device to feed current into
the load or withstand the voltage swings involved
without breakdown.

The parameters one is likely to find published in
respect of power transistors, in addition to the ones
which are obvious like total power dissipation and safe
operatinE area (which we looked at previously), are
those which relate to its operational voltages and
switching times.

Of these, the ones which are likely to be of interest,
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say, to an audio amplifier designer, are the collector

and base saturation voltages. These will be specified at

certain base and collector voltages, and relate to the

sort of voltage drop which is going to occur across the

gevice when large quantities of current are delivered
it.

Y A further quality which would be of interest is the
variation of current gain with collector current. Ideally,
for lower distortion, this curve should be as flat as
possible. Also, if one is seeking a high power output,
the ‘thermal resistance’ of the transistor is important.
This is usually specified in °C/watt,and infers a perfect
stone-cold heat sink, so in practice, the thermal resis-
tance of the heat sink will have to be added to this to

VsuppLY

Fig. 8 A small signal
transistor connected

as a zener diode.
VoyTtis-6v

SMALL SIGNAL
NPN TRANSISTOR

o

arrive, perhaps, at a figure like 2.5°C/watt. The max-
imum junction temperature which is tolerable will
depend on how long you intend the device to last. If
you are worried about this, aim to keep your junction
temperatures below 150°C, under the worst likely con-
ditions. If one had a total heat-sink + transistor thermal
resistance of 2.5°C/W, and the ambient temperature
was 30°C, this would mean a maximum dissipation of
(150-30)/2.5W, or 48 watts.

Vo SUS., is the collector voltage at which the transis-
tor will pass a continuous collector current, even when
there is no base drive current at all. The manufacturers
qguote minimum values for this. In practice it means
‘keep well below this voltage — unless you are only
operating under pulsed voltage conditions’.

The normal maximum operating voltages (usually
under relatively low current conditions) are defined as
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Vo Which is the maximum voltage permitted bet-
ween collector and base with the emitter open cir-
cuited; V.., , which is the collector/emitter maximum
voltage with the base open circuit, and V., which is
the permitted maximum collector voltage with some
specified value of resistance between emitter and
base (see avalanche breakdown above).

Veo is the reverse biased emitter/base zener
voltaie, and is usually about 5V for power devices.

Where the power transistor is being used for fast
switching applications, the various switching times
become important. These are the delay time (td),
which is the time which elapses after the application of
a voltage to the base before any collector current
begins to flow; the rise time; the fall time; and the
storage times associated with the rise and fall of collec-
tor current, and which relate to the length of time it
takes for the relatively slow moving holes in the base
region to be eliminated.

This is particularly important when the current
through the transistor is being turned off. It will not
reach a zero value until the stored charge is dissipated,
and this is dependent both on the external base-
emitter circuitresistance and upon the emitter voltage.
If the emitter is reverse biased to some value lower

—- +20V
10t§

+——Equr

+10V

out

=
GAIN ~ 100x

22n

Eino—|

/ Q1
2N5457

ov ov

Fig. 9 A practical small
signal amplifier stage
using a FET.

Fig. 10 A stable RF
amplifier stage using
cascode connected FETs.

than the zener breakdown level, the stored charge will
be removed more rapidly and this may be a critical fac-
tor in switching inductive loads.

Because of the larger junction areas all of the
capacitance values for power transistors are much
larger than for small signal devices, with values in the
range 100-1000pF being common,

Junction Field Effect Transistors

Because these are voltage operated devices with a
virtually infinite impedance gate electrode, gain calcu-
lations are much simpler, at least at low frequencies. As
with junction transistors, HF calculations, usually with
deliberate or unintentional inductance in the input
and outﬁut circuits, area highly complex business, best
left to the specialists in this field.

The parameters which are likely to be specified are
Y,,, the forward transfer conductance, or forward trans-
admittance, which is similar to the G, or mutual con-
ductance, figure for a thermionic valve, and is usually
expressed in mA/V; and the Y, or output admittance,
of which the reciprocal is similar to tﬂe anade resis-
tance of a valve,

Typical values of these parameters, for a 2N5457
FET, are 4-7mA/V at OV negative gate bias, and 2uS, or
500k. A 2N5459, which has a gate cut-off voltage of
about-5V instead of 1.5-2V for the 2N5457 and a zero
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gate-bias drain current of 10-15mA instead of 2-5mA,
will have a higher zero gate bias Y, probably in the
range 6-10mA/V. The output impedance is, however,
very similar. Junction FETs do have very high drain
resistance values, which is why they make such good
constant-current sgurces.

The formula for calculating voltage gain is a simple
one:-

Yo X Ry

Av=_ T —
1+Y05X RL

For the common source configuration shown in Fig. 9,

and with the component values shown, this
becomes:-
5 x 10-3 x 10k
Av= — —-—SsSsSsss.
10k
1+ @ —
500k

giving a value for stage gain of 49 at zero gate bias.
However, as the negative gate bias is increased the
mutual conductance falls, giving proportionately lower
stage gains. Once again, | have assumed an infinite
impedance load. A load of 10k would halve these stage
gain values,

The input capacitance, Ci, is typically 3-6pF, dec-
reasing as the gate becomes more negative. The
reverse transfer capacitance (or, more familiarly, the
drain-gate capacitance) is typically 1-3pF, becoming
less as the drain voltage is increased, and as the gate is
made more negative. This is a bit high for stable work-
ing as an RF amplifier, but two similar FETs can be con-
nected in cascode as shown in Fig. 10, to make a very
stable RF amplifier.

The input noise figure for FETs will be expressed as
nV per /Hz, and since this is independent of thé
source resistance value, the FET will have the least
effect in worsening the input noise when the input cir-
cuit resistance is very hi%h.

For example, the published figure for a 2N5457 at
25°C is 10nV/ y/Hz, which for a 20kHz bandwidth is
1.4uV. However, for the same bandwidth, the noise
developed across a 1M resistoris 18uV, giving an effec-
tive FET noise figure of 0.6dB when used in this circuit.
The break-even 6dB noise figure occurs for an input
resistance of about 7k.

One of the areas in which junction FETs (and
MOSFETs) score heavily in comparison with bipolar
transistors is in terms of linearity, with a typical FET
amplifier stage offering THD (Total Harmonic Distor-
tion) figures in the absence of negative feedback some
10x lower than for asimilarbipolar gain stage. Say, 0.5%
THD instead of 5% THD for 5V RMS output. This arises
because the FET has a very linear input voltage/output
current relationship, especially at near zero gate bias
voltages. This compares with bipolar devices which are
only linear at very small input signal levels.

Small Signal MOSFETs

The characteristics of these are very similar so far as
gain calculations are concerned to those of junction
FETs, and the same formulae apply. However, the typi-
cal values of drain resistance are more similar to those
of a junction transistor than to the junction FET.

Next month | propose to take a look at diodes, in all
their various forms. ETI
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Centronics Printer Buffer

Microcomputers are pretty fast devices, far too fast for
even the most speedy of printers to match. The result is
that your micro often has to sitidle while it waits for the
Brinter to catch up. The solution is to build our printer

uffer, a handy store which holds the data destined for
the printerwhile your micro carries on running. For word-
processing, listing programs or printing out screen
displays, you will find this a most useful piece of equip-
ment next to your computer and printer.

Noise About Noise

A lot has been written recently about the effects of
various types of components on the quality of sound an
audiosystemdelivers. Notalittle ofithas been writtenin
ETL In this provocative article, amplifier designer and
manufacturer Neil Munro argues that we should be
worrying less about our components and more about
our power supplies.

EPROM Emulator

It's not that long since we last described an EPROM
emulator, but you can never have too much of a good
thing and this design is sufficiently different to be of
interest. It is intended to complement the 6802 Evalua-
tion Board featured in the May issue but should work
with almost any system,

Second Processor For The
Acorn Electron

This valuable accessory has been shown to increase the
speed of an Electron to that of a BBC B and its memory
capacity to more than twice that of the Beeb. In the
second and final part of this project we describe the
software necessary to achieve this remarkable
improvement.

The Real Components

John Linsley Hood's in-depth series continues with a
Look at some semiconductor devices. The topic is
diodes and the article will include a look at such exotic
items as tunnel diodes and diacs.

Universal EPROM Programmer

Inthe third and final part of this series, Mike Bedford and
Gordon Bennett describe the software and present a
complete listing of the programmer source code.

Plus All The Usual Features. ..

Tech Tips, Scratch Pad, Read/Write, Open Channel,
News Digest, Trains of Thought, book and equipment
reviews, etc, etc. Everything, in fact, that you'd expect
from the UK’s leading electronics magazine.

THE JULY ISSUE WILL BE ON SALE
FROM JUNE 7TH. GET IT OR REGRET IT!

Allofthe articles mentioned are at an advanced stage of preparation. However, circumstances
beyond our control may prevent us including them.
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ELECTRON
SECOND

PROCESSOR

Speed-up your Electrons and watch your memory expand with a
6502 second processor, designed by John Wike with Electron

owners in mind.

his article describes the addi-
T tion of a second processor

board to an Acorn electron,
making 30K bytes of RAM
available to BASIC (60k to
machine code), and giving an
increase in processing speed of up
to three times.

The hardware will be described
this month and the software next
month, together with a complete
assembly listing,

What about the others?

Although the term ‘second pro-
cessor is usually associated with
Acorn and their‘Tube’ system,
multiprocessor designs are found
in several microcomputers in the
business and scientific markets.
Even the Sinclair QL contains two
microprocessors, one to handle
inr)u output and the other to do
all the computing. So, although the
circuit shown here is designed
specifically for the Acorn
machines, the concept is generally
applicable.

[tis relatively straightforward to
design a circuit board with a pro-
cessor and some RAM on it, and to
interface it with an existing com-
puter system. The real problem is
the software, machine code of
course, to handle the new
hardware,

As the host machine probably
has the screen RAM within its
memory map, it must be assumed
that it will retain the input/output
handling functions. This means
that the language (usually BASIC)
will operate in the second
processor.

It is necessary to know how to
intercept the input/output
routines (PRINT, INPUT, SAVE,
LOAD, etc.) so that the data will
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be transferred to or from the
second processor's memory
instead of the host’s. Routines can
then be written to reside in each
processor's memory and allow
them to communicate with each
other transparently, so that the
user will not be aware of any dif-
ference in operation from the
basic machine.

All this sounds involved, but
given a machine that is well sup-
ported by reference material and
ROM listings, or your own skill at
disassembly, it is by no means
impossible. So if you are interes-
ted have a go!

2P or not 2P?

The owner of an Acorn
machine does not need to worry
about the foregoing because this
article will cover all the ground. He
or she will however have to decide
whether it is worthwhile adding a
second processor to the system.
There are several advantages to
balance against the effort
involved:

Speed

The benchmark system has
gained widespread acceptance as
a qualitative assessment of the
processing speed of a computer.

February 1985 edition of Comput-
ing Today. Each test consists of
1000 iterations of specific instruc-
tions, the times for which are given
in Table 1. Also included for
interest are the timings for the
BBC computer, taken from the
Computing Today article. In Mode
6 the unexpanded Eelectron is
approximately 50% slower than
the BBC, and in Mode 0 it is 250%
slower! With the E2P board fitted
it is approximately the same as the
BBC in all modes.

Memory

The display memory in the
Electron can consume between 8K
of RAM in Mode 6 and 20K of
RAM in Modes 0, 1 and 2. Add to
this the 3.5K used as operating
system workspace, up to 1.5K for
user-defined characters and an
extra 3.75K if the Plus 3 disc drive
is fitted, and out of a total of 32K
there might only be 3.25K avail-
able for programs. The E2P board
contains 64K RAM, 30K of which
can be used from BASIC whatever
the configuration. Machine code
programs can use a massive 60K.

Processor

The first requirement of the
design was that the hardware and
software should react with the

For a full discussion of bench- Electron operating system in the
marks the reader is referred to the same way as the official ‘Tube’.
Benchmark Mode 6 Mode 0 E2P (BBC)
1 0.93 2.11 0.68 0.8
2 4.01 9.35 2.99 3.1
3 11.54 26.97 8.43 8.3
4 12.27 28.86 8.95 8.7
: 5 12.85 30.15 9.37 9.1
6 19.51 45.72 14.35 13.7
7 30.09 69.88 22.24 21.3
Table 1 Benchmark timings for the Electron with and without E2P.
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This is a ULA with eight bi-
directional registers, addressed at
FCEOQ h to FCE7 h, of which seven
are used by the support software
and only one, at FCES h, is
accessed directly by the operating
system for data transfer during, for
example, LOAD and SAVE. So the
circuit must detect accesses at
FCE5 h and interrupt the second
processor to allow it to pass the
required data. The other registers
can be at any convenient address,
since they have their own support
software,

The only storage device on the
board is the RAM. The top 256
bytes of that are accessible to the
Electron, so that several locations
can be used as the bi-directional
registers. Also, as this is the area
where the 6502 goes at Reset, the
Electron can control its reset and
transfer sufficient code there
beforehand to allow it to “boot
up’. After that the rest of its
operating system can be sent via
the data byte at FCES5 h,

When deciding where in the
Electron memory map to locate

this 256 byte block, it was remem-
bered that sideways ROMs are
given the opportunity to initialise
themselves at BREAK and to
declare themselves during the
*HELP command. The block is
therefore.addressed as a sideways
ROM and the first eleven or so
bytes are taken up with the neces-
sary data for it to Ee recognised by
the operating system. They also
contain a jump instruction so that
the ‘ROM'’ software can be in the
main program in the Electron
RAM.

In order to refresh the dynamic
RAM the processor is interrupted
every Tms and a specific routine
scans 128 bytes in 64 us. On
alternate interrupts it scans
another 128 bytes to include all
the rows in the RAM. This results
in a time overhead of 6% which is
considered acceptable by the
author. Because the refresh is soft-
ware controlled there is no facility
for a hard reset of the processor.
Instead, the ‘sideways ROM’
routine issues an initialisation
request on BREAK.

PROJECT

Interfacing

The board is designed to slot
into one of the cartridge sockets
on the Plus One interface unit,
which provides some of the
address decoding. For those peo-
ple without a Plus One, a circuit is
shown allowing connection to the
basic Electron.,

Current consumption of the
board is about half an amp, which
the author's machine was able to
cope with. If a lot of other devices
are drawing power, it may over-
load the supply. A link (LKI) is pro-
vided to disconnect the 5 volt line
from the edge connector and an
alternative supﬁly can then be
connected to the board.

Construction

Construction of this project is
straightforward but you are recom-
mended to use a fine tipped
soldering iron, and to check the
board closely to see that no stray
bits of swarf or solder are shorting
tracks.

As this is a double sided PCB
and is not plated through, the first

The author’s prototype second processor board (some changes have been made in the final version). '
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POWER ON

A2
AS

RESET
e |
RST 1RO

AQ-A 7)

AO-A15 7]

thing is to insert all the links and
solder them on both sides of the
board. Take special care not to
miss the ones underneath ICs as
these will be impossible to fit
afterwards.

Next fit all the ICs except the
RAMs and the processor, soldering

°°'°7< DO D7 | 6502
/aw W |
= AW
2MHz 90
16MH2 NM)
[ 64K RAM J
Fig. 1 Block diagram of the second processor board.
Fig. 2 PCB

overlay for the
second processor.

THROUGH BOARD LINKS MUST BE MADE
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COMPONENT INSERTION
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Fig. 3 Circuit diagram of the second processor
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their leads on the bottom, top or
both, as necessary.

Next fit the resistors, capaci-
tors and diode. Some of these
components need to be soldered
on both sides of the board.

Now fit the sockets for the
RAMs and processor. Use insulat-

PROJECT : Second Processor

ing tape to protect the throu h-
board links before inserting t
sockets

JOU intend to power the
board from the Electron’s 5 volt
line fit the link LK1. Otherwise,
connect the external supply wires
to points A (0 volt) and B (5 volts).

Finally, insert the RAMs and
processor into their sockets.

If you do not have the Plus One
unit you will now have to con-
struct the interface circuit. This
could be done on Veroboard and
then connected, along with the
second processor board, to the
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o m.su
1€2.3 - 7415257
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IC5 = 74LS167
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L J 1C19 = 6502A
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Fig. 4 Plus One cartridge socket edge connector.
board.
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HOW IT WORKS

PARTS LIST

The second processor is reset at switch on by
latch 1C8a with C4 and R12. Diode D1
ensures that C4 will be discharged quickly at
switch off.

IC8 is a quad S-R latch with Set overriding
Reset. Sections ¢ and d are used to provide
extra AND functions.

Decoding of the host processor address
bus is performed by 1C17, 1C8d and ICIf.
When either the sideways ROM or FCE5 h are
accessed, the output of 1IC17a will go low.
This signal enables the data bus buffer, IC18.
ltalsodisablesthe second processor address
multiplexers 1C2 and IC3, after being inver-
ted by I1C1a, and it operates the control line
multiplexer_C5. IC5 determines which pro-
cessor’'s R/W and clock signals will be applied
to the RAM — when Pin 1, select, is low the
second processor clock and R/W times are
effectively disabled.

The second processor 2MHz clock is
generated by 1C4 dividing down the master
16MHz oscillator. Further division takes
place in 1C4 and 1C6 to give the Tms NMI
singal. Note that as the processor only
responds to negative edges there is no need
to provide short pulses.

The output of IC17a is combined with the
host processor clock in 1C8¢, which triggers
the 1545 IRQ monostable 1C8b. The monost-
able isinhibited during ROM selection by the
input at pin 11 so that it will only operate dur-
ing an access at FCE5h. The monostable out-
put is also fed to 1C8a to clear the second
processor reset.

The output of IC8c goes via ICIb to set the
second processor clock in phase with the
host's during host access. Because the clocks
are in phase, the control multiplexer 1C5 can
be guaranteed to switch when they are
both low.

Tri-state buffer IC7 with resistors R3-R10
performs the address multiplexing function
for host processor addresses. It is enabled
during the firstpart of ahost access to give the
row addresses for the RAM’s. then it is dis-
abled and the resistors provide the column
addresses. Ifitisa ROM address, |C8d output
will be high and page FF h will be accessed.
For address FCE5 h, IC8d willbe low and page
FE h will be accessed.

The RAS signal to the RAMs is provided by
I1Clc and the CAS signal by ICId and ICle from
the delay circuit R2-C3.

]
INTERFACE

RESISTOR

R13 470R

CAPACITOR

C15 220p

SEMICONDUCTORS

1C20 741830
1IC21 741827
1C22 741520
1C23 7418139
1C24 741874

MISCELLANEOUS

Veroboard, 22-way double sided socket
to fit E2P edge connector, 25-way dou-
ble sided socket to fit Electron edge
l connector.

Electron with a short length of rib-
bon cable and a 25 pin double-
sided edge connector.

Setting up

Before switching on, check the
board very carefully for shorted
tracks and the orientation of ICs,
diodes and electrolytic and tan-
talum capacitors. To ensure that
the Electron will will not be
damaged check every contact on
the edge connector with a meter
for shorts to either the 0 volt or 5
volt supply lines.

Connect the board and switch
on. You should get the start-up
screen as usual. If not, then switch
off and check again for shorts.

If you can get hold of a double-
beam ostilloscope, connect a
probe to pin 9 of IC8 and enter
and run the following program:

10 A%=1&FCE5:GCOTO10
You should see on the ‘scope a
negative going pulse 15 ms wide.
If it is a different width adjust the
values of R11 and/or C5 to get it
as close as possible.

Now conect one input of the
scope to ICl pin 1 and the other
input to ICl pin 6. The negative
going edge of the signal on pin 6
should occur between 120 and
150 ns after theJ)ositive going
edge at pin 1. Adjust R2 and/or C3

assembly code is available on tape
from the author. Alternatively, if
you send a Plus Three disc it can
be stored on that together with

the machine code as a!BOOT file
so that pressing shift-break will
automatically boot in the second
processor. See Buylines for details.

A0 !
als 2]
A13 0——U

a120- 20 M2 1
an < 1c23a

P S—Y 3 [
vorelZ Ao rsh
FC .|

& fw

3

on

RWC
3 .

A30— T

A10——H ic21a

D R¥e==ser, _

06 1 —

\ 8
D5 C )—4': Ic2%
D4 Or—emey v/

o] a|nf-

LB |
1C22b o~rd L T— -]
A

8p ¢

1041C22a

IC20 = 74LS30
IC21 = 74L827
1C22 = 741820
IC23 = 74L8139
1C24 = 74L574

IC24: THE SIDEWAYS ROM

SELECT LATCH IS ADDRESSED
AT FEx5 WITH D4-D7 LOW

A!S—{” 1C23b .___.10 ROMSEL

= J Aui]l

1IC24a

IT

Fig. 4 Suggested interface circuit to link basic Electron and the second processor.

z
as necesary. 2 22% BHegged FiZzrzazcsd
Before trying the system in ear- - e S L
nest you will have to switch off L8 O O O R 8 oo™
i 3 2338838888 Q2222282 2%
then on again in order to hard P2t Y e g
~ BOTTOM

reset the second processor.

The necessary software will be
included in next month'’s article,
but in the meantime a copy of the
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PROJECT : Second Processor

PARTS LIST

MAIN BOARD

RESISTORS (all 1/4 watt)
R1,2,3,4,5,6,7,8, 470R

9,10
R11 390R
R12 4k7
CAPACITORS
(all ceramics unless stated)
ci 470p
Cc2 33p
c4 100y electrolytic
(6] 47n
C6,7,8 47u 10V tantalum
€9,10,11,12,13,14 100n
SEMICONDUCTORS
11 741514
1C2,3 7415257
1C4,6 7415393
IC5 7418157
IC7,18 7415245
1C8 7415279
1C9,10,11,12,13  4164-15/4864P-2
14,15,16
117 741521
IC19 6502A (2Mh2z) r BUYLINES
D1 1N4148 [
All the components are available readily is £3.50, and on your disc £2.00, inclusive of
MISCELLANEOUS from advertisers in ETI. The PCB and software  postage. if you send a disc please state
40 pin DIL socket, 8x16 pin DIL sockets, are available from the author, john wike, at9, whether you wish to have the !BOOT file put
wire for links. Lon-y-Garwa, Caerphilly, Mid-Glamorgan. onit.

The price of the PCB is £12, software on tape ETI

ATTENTION ALL
RITERS...

... or just those of you who sometimes think “I
could do better than that!”

We want to hear from you!

The magazine you hold in your hand is part of ASP’s electronics group of titles. These include ETI, Ham Radio Today,
Digital and Micro Electronics, and our new magazine, Electronics. All these magazines are looking for new authors, so
if you've designed something for yourself that you think may be of interest to others, or if you've a subject you'd like to
write a feature article on, then drop us a line with an outline of what you have in mind.

We particularly need:

* Projects for the Commodore Vic 20 and 64, the Amstrad, the BBC A and B, and the Electron computers;
* Simple projects that do something useful, perhaps in a novel or instructive way;

* Radio projects (not necessarily for radio amateurs);

¢ Features on amateur satellite radio.

If you're interested in writing for us, send an outline of your proposed article to: Dave Bradshaw, Group Editor (Electronics),
Argus Specialist Publications, 1 Golden Square, London W1R 3AB.

Please note that while we take ever care, we cannot be held responsible for the loss of unsolicited manuscripts. We advise all authors to keep a
photocopy or carbon copy of any article they send us.




LOW COST AUDIO
MIXER

This modular mixer from John Linsley Hood is not super-fi,
but it is cheap, portable and so versatile you can use any
source, except the kitchen sink.

was designed and built for

the use of the local ‘Talking
Newspaper for the Blind’, and
the circuitry shown was speci-
fically tailored for their needs —
which were, basically, for a control
console containing the necessary
electronics, and fader pots, so that
the operator could mix in various
voices with programme material
from other sources — disc, radio or
tape — to produce a final stereo
tape cassette. This would then be
duplicated for distribution to
subscribers.

The general layout is versatile
enough for the actual inputs to be
modified for other types of input. |
will show some of the other input
circuits which may be slotted in, in
place of, or in addition to, the
existing layouts.

One general requirement for all
such mixer consoles is the provi-
sion of a reasonably quality stereo
headphone monitor facility, allow-
ing the control engineer to hear
just what he or she is putting on to
the tape. The unit has been
designed to be operable from a
battery DC supply. It could be
used as a fully portable ‘studio’ in
conjunction with a suitable battery
operated cassette recorder.

T he instrument described here

C11  Rpao

10— W

C12 Rp3y

20 WAV

c13 R

C14  p33

s AR

C16 Ras
5

MIXER
INPUTS

NOTE: FOR COMPONENT VALUES
REFER TO MAIN CIRUIT DIAGRAM.

Fig. 1 The central circuit of a
virtual earth mixer.
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No VU metering system has
been provided since it is assumed
that the recorder used will have
this facility.

Basic Layout

The circuitry is organised
around the virtual earth mixer lay-
out shown in Fig. 1, which can be
hooked up easi%y around an IC op
amp and allows as many inputs as
one wishes to be combined
together into a common signal
(although only five are shown in
the diagrams).

This is a very powerful tech-
nique for mixing inputs, and has
the great benefit that there is no
leakage back from one input into
another, since the inverting input
of ICl in this layout really does
look like an earth point to the in-
coming signals. This also implies
that the input impedance of the
circuit is determined by the values
chosen for each input resistor,
R30,R31. . ..

The overall gain of the stage is
determined, for any one input
channel, by the ratio of R40:Rin
(Rin being the input resistor). If
R40 is variable (as shown in Fig. 1
but not in the main circuit
diagram), the gain of all the input
channels may be reduced or
increased simultaneously.

The various inputs to this mixer
stage are obtained from input
stages of the types described
below.

Line Input Stage

In the simplest case, where a
signal is obtained from a radio or
tape recorder having a line output
socket — which will give
300-700mV output at a lowish
impedance — all that is required is
a simple slider pot connected as
shown in Fig. 2. On the other
hand, if it is known that the unit
may be used with signal sources

IXER
INRUT

NOTE: FOR COMPONENT VALUES
REFER TO MAIN CIRCUIT DIAGRAM

Fig. 2 A mono line input arrangement.

having outputs conforming to the
DIN standard — in which the
output is arranged to provide TmV
for each 1K of load impedancy —
the alternative arrangement of Fig.
3 can be used.

caoil
47«T

Fig. 3 DIN input stage.

This is quite a versatile system,
and can be used with any input
source where a flat frequency
response is all that is needed, and
where the input signal level will
not exceed more than about 0.5V
RMS.

Microphone Input Stage

This uses an identical circuit
layout to that of Fig. 3, but with the
values of R55 and R56 changed to
R11 and R16 in Fig. 4 to give a
higher gain, since the expected
outputsignal level from the mic
may be only 2-3mV. The input
impedance is also made switch-
able between 100K and 4K7 (R1
and SW1 in Fig. 4) to suit either
crystal or dynamic (moving coil)
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PROJECT : Audio Mixer

microphones. Electret mics with a

built-in FET buffer output could be

used equally well with either.

10
MIXER
INPUT

sw{
[
‘7uT

NOTE: FOR COMPONENT VALUES b
REFER TO MAIN CIACUIT DIAGRAM

Fig. 4 Mic input stage

INPUT
ot nsz
o ficraa>iZl

Y 1
VIS o
A H o 10
C34 MIXER

RS9 8k2 9nt 2
i) INPUT

NOTE:
caz €33 IC13 = %TLO72
! *22n/f27n

Fig. 5 Optional RIAA input stage.

» ~VCC
I A{8]

>
=]

O/P(R}e———@ @
O/P (L) et

Fig. 6 PCB overlay for RIAA stage.

€35
MIC IN  220n
-~

e
R64.
1001
R83 T0O
47 MIXER
INPUT
MI/

mn
Fig. 7 Optional treble-lift mic input.

Fig. 9 PCB overlay for optional tone control stage (stereo).
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Completed prototype mixer ’
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NOTE: )

1IC16,70 = TLOT2

IC6 = TLO72 or LF3B3
1C10 = 7816
IC11= 7918
g = BDBI7 or BD239

D3 458 = 1N40C2

DOTTED BOX IS RIGHT HAND CHANNEL
OF HEADPHONE AMPLIFIER

IT IS WDENTICAL TO THE LH

CHANNEL SHOWN ABOVE IT

SW7 = 4WAY 3-POLE SWITCH
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C18 ALL 2200 Lol
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Fig. 10 Circuit diagram of the complete prototype mixer and Fig. 11 (opposite) overlays for the mixer and PSU boards.
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e PROJ ECT : Audio Mixer

Gramophone PU Inputs MAINS

15V +15v ov
This facility was not required ] 1 T
for the altual unit which was built,

but there is no difficulty in modify- l
ing the op amp input stage to pro-

vide the required gain and fre-
quency response characteristics. ® ®
The circuit for this is shown in Fig. c
5. Since | am not aiming at the
‘ultimate-fi’ in this unit, | feel that a -
conventional series feedback lay- 5 !
out, as used in 99.9% of domestic

hi-fi amplifiers, will be quite

adequate.

The op amp output resistors in a
the DIN, mic and RIAA stages
(R57, R21 and R62, respectively),
are included to prevent changes in
the loading off the op amp, due to
the setting of the output gain con-
trols, whicgh would alt%r tr%e fre- 14 POSNE) " @
quency response characteris-

tically of the gain stage. +
Headphone Output Stage l __.I

This is fairly conventional, and e
a%ain uses an op amp as the gain I
b

ock, to which some muscle /—/ s
power is added by the transistors
Q1 and Q2. These are biased into = =
class A by the diode/resistor net- 3
work R46-R50, D1 and Dz.é\ small
capacitor, C26, is connecte 10 svn{ 2
across the op amp to ensure HF R '!E’} 3
stability. Several pairs of head- ‘
phones can, if necessary, be con-
nected in parallel, across the
output, provided that the isolating
resistors (R53) are taken separa- 10 swz{ ‘(
tely to each output jack. This will y
ensure that there are no problems el i
if phones of dissimilar type of 0 v o i
impedance are used. (See Fig. 10). G

Cc25 c24

1]
Zzy
[347]
624

©

LLY

152 = TO PHONES (RH)

FA%]
{H

84

ELY

Mains Power Supply mw,{ 1 .

Although the mixer unit can be
used quite satisfactorily on a pair
of 9V batteries, batteries are
expensive and it is probable that it 2
will be powered from the mains on
most occasions. A very simple dual 10 swa{
power supply, with a couple of
voltage regulator ICs, was used on .z i S i

i {LH)
the prototype, as shown in Fig. 10. | = 70 AVES

MIC 2

FiY
6!

- TO RV9b
| = LINE OUT
H

Complete System RH)

The whole unit is shown in e SWS{ <t PRI
Fig. 10 and fitted into a shallow MIC 4 12
sloping fronted box, 19” long, as T )
shown in the photograph. 3 b-LINE 0T

Since the specification to TORV? I > T0 RV
\which this unit was built called for onvaell &1 >0 swo
a stereo line input, as well as a pair
of mono line inputs, a ganged 10K TORV2
slider pot was used for RV1, while 10 RV 16 f——8CCH

single slider units were employed I

SLY
oLy

e b +VCC
e - -V CC

ov

for RV7 and RV8. The four main
mic inputs are controlled indivi-
dually by the slider pots RV3 to
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RV6, with a master fader, RV10,
controlling their overall level so
that it can be faded down if, for
example, a voice-over commen-
tary is to be superimposed from
the master mic.

A dual-gang slider pot, RV9, is
used to control the volume level of
the headphone outputs. Finally, an
overriding stereo/mono control is
provided by SW6, which simply
parallels the two L and R outputs.
In general, however, the unit is
used in the stereo mode, with a
stereo signal from the line input,
over which the (mono) mic input

PROJECT : Audio Mixer

voices appear on ‘centre stage’.

No tone control facilities were
required for the unit described in
its initial emobidment (shown in
the photograph), but subse-
quently a microphone input treble
lift facility was added, to give
greater clarity to some of the
commentators’ voices. This was
done as shown in Fig. 7. The unit
can completely replace the mic
input shown in Fig, 4.

A more formal bass/treble-lift/
cut tone control stage could be
added, at pin 1 of ICs 7 and 8 in
Fig. 10. The tone control circuit is

INPUT
FROM
PIN 1

RV|M4

NOTE:
IC16 = TLO72

FURTHER L AND R INPUTS
° CAN BE TAKEN TO POINTS

shown in Fig, 8.

Full stereo system

It is very easy to organise this

layout to provide more stereo in-
ut channels than the one stereo
ine input on the prototype.

This is done by taking each pair
of inputs, say those from IC2 and
IC3 (Fig. 10) and routing them to a
pair of master fader stages, 1C16a
and IC16b, as shown in Fig. 12,
and from there to ICs 7 and 8, as
before.

The prototype unit was designed
round TLO7 1s or their higher
specification equivalents, LF351.
To enable the addition of extra
facilities with relative ease, we
have designed the board using
TLO72s (or LF353s) exclusively.
Pads for the unused halves of the
og amps can be found on the main
PCB.

BUYLINES

. R76 X AND Y VIA EXACTLY
'FNRPgJ 880R SIMILAR NETWORKS TO
Ll cu prg THOSE SHOWN. .
€3 oy " 4700 %y ces There should beno problems with any of
10k LOG — 8% iz 1o the components. Slider pots are widely
o WA —orin 2 available, but rotaries would suit. Wire-
ic8 wounds should be available from Wat-
ford, Maplin, Electrovalue or any regular
-V, ETI advertiser. Watford and Rapid also
cc A :
g advertise 3 pole 4 way switches. 19
T cases are available from Newrad or
L. . . through our classifieds. The PCBs are
Fig. 12 Single stereo mic input arrangement using two mono input stages. available from the ETI PCB Service
PARTS LIST
SEMICONDUCTORS R69,72 10k
MAI N BOARD 1C1-6,8,9 TLO72/LF353 R77,78,81,82 27k
1C10 7815 RV11,12,13 10k log sliders
IC11 7915 RV13 1kO slider
RESISTORS (all ¥s watt unless stated) Q1 BD537/8D239 RV15,16 100k sliders
R1,2,3,4,5 ak7 Q2 BD538/BD240 RV18 47k ganged slider
R6,7,8,9,10,16,17 100k D1,2 IN4148
18,29,20 D3,4,5,6 IN4002
R11,12,13,14,15, 680R CAPACITORS
21,22,23,24,25,42, MISCELLANEOUS €29,35,45,46 220n
44,45 $W1,2,3,4,5,6 SPST switches C30,36 47416V
R26,27,28,29,30 27k Sw7 3 pole,4 way switch C31,43,44 electrolytic
31,32,33,34,35,36, 5 . . 470n
37383940 41 andardjack sockets (13 formainboard 32
Ra3z 3k3 conﬁgurahon); PP9 battery clips (x2); €33.40.42 100p 16V
R46,49,50 10k 20-0-20 20VA transformer, TR1; 19” s R
R47.28, 68R shielded cabinet. C34 49: @2//27m)
R51,52 5R6 W/W (Note:R43-53,C21,26-28,Q1-2,D1-2 c37 150n
R53 10R W/W have corresponding components for the C38 110 ceramic
RV1,9 10k log right-hand headphone amplifier. They are C39,41 4‘7""
ganged sliders marked R143-153,C121, 126-128,
RV2,3,4,5,6,7,8 10k log :‘21 01-102,D101-102 on the overlay SEMICONDUCTORS
single sliders Iagram). 1C12-16 Tl072/lF353
RV10 47k
single slider
CAPACITORS OPTIONAL BOARDS MISCELLANEOUS
C1,2,3,4,5,11,12, sis s Gl ) Standard jack sockets as required.
13,14,15,16,17,18, RESISTORS (all ¥5 watt (Note: R58-62, RV12 and C31-34 have
19,20 47016V R54,64,66 120" corresgonding components on the
C6,7,8,9,10,21 :loeodrggv‘lllc gg ;kg ;eco: c‘:nnnel of the RIAA equaliser
(3 oard. They are numbered R158-162,
C22,23 electrolytic R57,62,67,74,75, 680R RV112and C131-134 on the component
C24,25 2200u 40V {é’g S 47k overlay. Likewise for components R69-
electrolytic 74, RV15-16 and C38-42 whose second
R59,68 390R
C26 10p R61 120k channel equivalents on the tone control
C27,28 22u 16V R63,70 ak7 board are marked R169-174, RV115-
electrolytic R65,71,73 2k2 116 and C138-142). ET'
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UNIVERSAL

EPROM
PROGRAMMER

MKII

PROJECT

Following on from last month'’s article which covered the
theory and described an upgrade modification for existing

rogrammers, Mike Bedfor

and Gordon Bennett describe an

improved EPROM programmer for those building from scratch.

nlike the Mkl board, the

Mkll board has been made

double sided to cope with
the greater component density. In
order to keep down the costs,
plated through holes have not
been used which means that the
first task to be carried out in build-
ing this project is to insert pins into
all the holes marked as such on
the component overlay diagram,
soldering them on both sides of
the board. After having carried out
this through pinning, the
construction is quite straightfor-
ward. One point worth noting is
that component leads are some-
times relied upon to make a con-
nection from one side of the board
to the other. This means that if a
component lead passes through a
hole with pads on both sides of
the board, the lead should be
soldered to them both.

The MKII board will be used in
conjunction with a programming
console housing a 28 pin ZIF (zero
insertion force) socket and 2 LEDs
(see photograph). The 2 LEDs on
the console connect to the main
board via a 3 or 4 core cable con-
nected to SK4, the anodes being
connected to A1 and A3, the
cathode of the green LED to A2
and the cathode of the red one to
A4. The ZIF socket is connected
via a length of ribbon cable and a

ETI JUNE 1985

28-pin DIL header to SK3 on the
main board on a pin to pin basis. It
should be noted that the DIL
socket SK3 is the “wrong way
round” with respect to all the DIL
ICs on the board and accordingly
care should be taken in plugging in
the ribbon cable to the console. A
0.1uF capacitor should be connec-

OOPSs!

| ted between pin 28 and pin 14 on

the ZIF socket.

Construction having been com-
pleted, it now remains to configure
the board to reside at the required
address and to set up the various
Vcc and Vpp voltages. The
addressing is determined by the
links, LK1, which are wired into a

Since the appearance of last month's
article, a problem has come to light
regarding the programming of 27512
EPROM:s.

The problem occurs when using the
fast programming algorithm with the
27512 and results from the necessary
sequence of ration adopted in the
software. The OE line is held high until
dropped to access the EPROM for
reading and the CE line goes low as soon
as the programming voltage is removed
from the EPROM. _

But on the 27512 the OE line is also
the Vpp select line and so, although this
line is set low by the software at the
correct time, the_combined line is still
held high by the OE bit until it is time to
read the EPROM. This is because the
hardware combines these two lines in an
OR gate. The effect is to hold the 27512
in programming mode for an extra 300
micro seconds at a time when, although
the address and data busses should not
be varying, the programmer itself is
changing from program to verifying
mode. Itis quite possible that this would
cause no ill effects, but it is undesirable
and should be corrected.

A software solution would require a

separate procedure for the 27512 in an
already crowded EPROM, but a far
simpler hardware modification is pos-
sible. It consists of the removal of two
diodes and the substitution of a wire link
for one of them. The diodes in question
perform an OR function at the input of
the active pulldown circuit which
operates on pin 22 of the EPROM. They
were put there to prevent high dissi-
pation in the 120R resistor by removing
the possibility of the software turning on
both transistors simultaneously. No
problems have been found using the
existing software package without these
diodes, and their absence has no effect
upon the operation of the programmer
with other EPROMs.

The modification is:
1) locate and remove the diode in the
line from pin 14 of P10 3 (IC7), the OE
line;
2) locate and remove the diode in the
line from pin 12 of P10 2 (IC8), the Vpp
select line;
3) replace this latter diode with a wire
link.
This will prevent the OE line from
influencing the pulldown of the Vpp/OE
line.
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EPROM Programmer Mkl
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______PARTS LIST MKII UNIVERSAL EPROM PROGRAMMER :
Programming Console HARDWARE SPECIFICATION

1 x Instrument case with sloping top )

1 X 20pin DIL Zero Insertion Force Devices supported  : 2758, 2716, 2516, 2732, 2732A, 2532, 68732,

1 x Length of 28-way ribbon cable 2764, 2764 A, 2564, 68764, 27128, 27128A,

1 x 28-pin DIL header 27256, 27512, 27513,2816, 2864

1x 100 uF ceramic capacitor Device selection : Software controlled

: :z:ede:‘ELDm Prot%‘r::’nming : Intelligent or fixed pulse

me s

1xLength of & way cable Vpp voltages : 425V, +21V, +12.5V
DIL header and plugged into the x‘cdciz':tl(t):ges ;t:b:' :r:/co nsole
appropnate1 2'; soctl:let. : he tr)‘gard PCB format : 8” x 4% with indirect connector
?rf:l:rlj(l?rsaﬁbu; I}'t()esp:é:e ‘:;":3 sl,?a t :’nterface : 13;\!/)15 (%5002:\6800, 6809 adaptable)

, : . ower requirements : 900m

Ia/‘g'aerzs'arggtr:;ﬁ :',otmfe:ttahrte%fi g;'r'; Memory space : 12 bytes selectable to any 16 byte boundary
number represented by the block eoupier . within the |/0 area
of links. The examples of link System requirements :RAM — 1K for 2758 to 32K for 27256, 27512*
selection in Fig. 2 should make it and 27513: plus small amount for support
quite clear how to set up any firmware. (*:these EPROMs
required addresses. The Mkl| programmed in 2 segments)
board has been designed with the EPROM — 2K utilities package
voltage setting potentiometers
placed along the edge of the
board so that they may be easily = = ~ - .
adjusted once the board has been PIN T ' . o . ' . 0 ! c
positioned in a card frame. The oo ° I 3- o i 2- T .
voltages may now be monitored o—o _ —o _ o _ o _ o0—o0
on the programming console and o—o o—o g ° Z ° o—o °
adjusted, using the poten- o—0 o—o == - o—o Z o _
tiometers, by writing —° o2 o o—o0 °
values to the pro- o—o ° — = —— © — © ; ; °
grammer registers using the o—o _ o—o o—o _ o—0 _ o—o
system monitor (or a BASIC pro- o—o o—o o0—o o—o o—o °
gram). Table 1 shows the requisite — o—0 s o—0 —
programming voltages, associated R e e o= O
pins, registers, data and LOSLISNZC 110+ 118x 1) = 18 YO+ (18x2) = 32 1O + 118 x 3) = 48 110 + 118 x 4) = 64
potentiometers. Fig. 2 LK1 address link selection for the MkIl board.

46 ETI JUNE 1985



|

— PROJECT : EPROM Programmer MkilI

______PARTS LIST____

RESISTORS (All YW, 5% unless stated)

R1,11,13,17,18,35,

37,43,45 10k
R2,12,14,20,23,44,

46 1k0
R3,15,16,21,24 100k
R7 15k 2%
R8 680R 2%
R9,39 OR22 W/W
R10 S56R, 1W
R41 180R, 1W
R41 180R, 1W
R19,22 240R
R25,29 560R
R26,27 1k2

1 R28,36,38 470R
R30 82R
R31,32,33,34 4k7
R40 12k
R42 2k2
R47 120R ¥W
RV4,8,9 220R vertical
miniature preset

RVS5,6,7 470R vertical

miniature preset

CAPACITORS
C5,7,8,9,10,11,13,
17 100n Ceramic

a 470u 35V axial
electrolytic

C4,C16 4n7 ceramic

C6,C15 100u 16V axial
electrolytic

C12,C14 1u0 35V tantalum

SEMICONDUCTORS

Ic1 7415126
IC2 7415245
IC3 741504
IC5 7415138
1C7,8,9 6821 (or 6520 eto)
IC11,14 78540
1C12,13 LM317MP
Q1,5,7,9,11,13,14,
15,16,17,18,19,

20,21,23,24 BC184L
Q2,6,8,10,12,22 BC214L
D1,2,3,4,5, 0A91

MISCELLANEOUS

L1 34 turns 24 SWG
wire on RM6 pot
core (AL=250)

L2 13 turns 22 SWG
wire on RM6 pot
core (AL=250)

SK3 28 pin DIL
socket

Connector A 4 way 0.1” pitch
right angled molex
connector.

Links Links wired on
24-way 0.3’ width
DIL header
plugged into DIL
socket (use 16-way
+8-way)

PCB; 1 x 32-way A+B DIN Euro connec-

tor, male angled pins.
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Fig. 3 Overlay diagram of the complete Mkl board.

&

@ = THROUGH BOARD CONNECTIONS

NOTE: Component numbering con-
forms to original project. R4, R5, R6,
C1, C2, 1C6, 1C10, Q3 and Q4 have not
been accidentally omitted. The num-

bers refer to components which have
been removed from the original board
in the course of producing the Markil

board. 75 be continued. ETI
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THE HEAT PEN

Geoff Phillips’ project may make your blood boil or leave you
cold — either way you can measure the temperature with this
simple digital voltmeter add-on.

he Heat Pen is a low cost
T temperature probe that

transforms a standard DVM
into a digital thermometer. Just
plug the Heat Pen into any digital
voltmeter, place the tip onto a
surface, and the DVM shows its
temperature directly in °C. Its
range is from-50 to +150°C.

Thermocouples are messy: they
require cold junction compensa-
tion and scale conversion. Stick on
labels have their uses but they are
expensive and can only be used
once. The Heat Pen is an inexpen-
sive solution to your temperature
measurement problems.

Temperatures of power transis-
tors can be measured easily.
Balance your central heating
radiators by measuring inlet and
outlet temperatures. Take your
own temperature by placing the
Heat Pen under your tongue. The
uses are endless.

A semiconductor temperature
sensor is used as the probe tip. It
ives a nominal 1uA per Kelvin.

his is converted to 10mV per
Kelvin. A bandgap voltage reference
is amplified to 2.73V. This is
subtracted from the voltage signal
derived from the probe tip so that
the remaining voltage is equivalent

to 10mV per °C. Low power
semiconductors are used making
the quiescent current drain of the
Heat Pen less than TmA.

Nearly all DVMs are fitted with
4mm input sockets which are
pitched 3%” apart. The Heat Pen’s
PCB, as well as housing the cir- -
cuitry, also has two 4mm plugs fir-

Ic2

PIN VIEW 8069

ek,

O ~ PIN VIEW 9491

NOTE.

IC1 = LM358

1C2 = ADS90MH
ZD1 = 9491 or 8069

RV1 SETS ZERO
RV2 SETS RANGE

Fig. 1 Circuit diagram of the heat pen.

—Qov
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mly fitted at the 3%” pitch. The
PCB, along with a PP3 battery fits
neatly into a smart plastic potting
box. The probe is mounted in a
ball point pen casing and is con-
nected to the PCB via a screened
cable,

Construction

Fit the resistors, capacitor then
IC1 and ZD1 to the PCB. No
special precautions are required.
Remove the plastic casing from
the two 4mm terminals and using
a junior hacksaw, cut 11mm off
the hexagonal sections of the ter-
minals so that approximately
12mm remains. The terminals
already have one hole drilled in
the hexagonal section. Ideally a
second hole should be drilled
8mm from the first. If you have
metric taps, drill these holes for an
M3 tap and then tap out the holes.
Secure the two 4mm terminals to
the PCB with M3x6émm screws. If
you cannot lay your hands on met-
ric taps then the terminal may be
fixed to the PCB by passing short
lengths of heavy gauge copper
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wire through the holes and solder-
ing the wires in place. The wires
are then passed through the holes
in the PCB and soldered in place.

Solder the -ve lead of the PP3
battery clip to the 0V terminal of
the PCB and solder a 2" lead to
the +9V terminal. Solder the core
of the screened lead to the PCB
and the screen to +9V terminal.
The case must now be prepared
for the fitting of the PCB.

First of all it is necessary to
make a cover for the potting box.
This may be made from glass fibre
sheet, paxolin, or plastic sheet,
Use the potting box as a template
and draw around its shape on the
plastic sheet with a scriber, Cut
out the shape with a hacksaw.
After dressing up the cover with a
file, temporarily clamp it to the
Eotting box and drill two M4 clear

oles through the Iu§s of the box
and cover. Drill and file a hole in
the cover for the on/off switch.

The hole will have to be care-
fully positioned so that the switch
does not foul the PP3 battery when
the unit is assembled. Fit the
switch to the cover. Drill two
4.7mm holes in the side of the
potting box (Fig. 2) to allow the
4mm terminals to protrude from
the box and one small hole in the
opposite end of the box for the
screened cable.

Tie a knot in the screened
cable about 25mm away from the
PCB and then pass the cable
through the small hole in the box.
Pass the two 4mm terminals on
the PCB through the two holes in
the box and continue to pull the
screened cable through the hole
until the PCB is positioned at the
bottom of the box.

Pass the screened cable through
the empty ball point pen casing
and solder it carefully to the tem-

HOW IT WORKS___

Fig. 1 shows the circuit diagram of the
Heat Pen. IC2 is a semiconductor tem-
perature sensor which gives a nominal
1uA per Kelvin. This is converted to
10mV1£er Kelvin by R4 in series with
RV2. Thus at 0°C RV2 is adjusted for
2.73V at the output of the buffer amp-
lifier IC1b. ZD1 is a bandgap voltage
reference which gives a nominal 1.225V.
IC1a is a non-inverting amplifier whose
gain is adjusted by RV1 to give 2.73V at
pin 1. Thus the differential voltage bet-
ween the two op-amp outputs is equal to
10mV per "C. The heat pen is plugged
into a DVM set to the 100mV scale and a
readingin’Cis given. (The decimal point
has to %e implied by the user).

ETI JUNE 1985

____PARTSLIST_____

RESISTORS (All 1% metal film)

R1 68k

R2 56k

R3 75k

R4 9k1

RV1 10k horizontal
lin pre-set

RV2 2k horizontal
lin pre-set

CAPACITORS

C1 1u0 16V

axial electrolytic
SEMICONDUCTORS

IC1 LM358N
1C2 AD590)JH
D1 TSC94918) or

ICL8069DCZR or |
any 1.225V
bandgap voltage
reference with
tolerance + 2%
and temperature
coefficient of
100ppm/degC
MISCELLANEOUS
PCB; Potting box type GPL2; 4mm ter-
mmals, PP3 battery clip; small on/off
toggle switch; PP3 battery; ball point
pen casing.

Fig. 2 Case details for the heat pen.

=&)]E_C_T

SCREENED
TO AD590
'I'O PP3 70 993
+VE VE

ot

TO bvm

HOLES MARKED A = 1.1mm
HOLES MARKED X = 3.1mm
ALL REMAINING HOLES = 1Tmm

+éo
CASE 7
[e)
7062
BOTTOM VIEW

Fig. 3 Overlay diagram and pin-out of
the AD590 temperature transducer.

perature sensor AD590}H. Con-
nect the screen to the +ve lead
and the case lead of the sensor.
Connect the core to the -ve lead of
the sensor. Insulate the leads from
each other with sieeving then the
sensor can be positioned at the tip
of the pen casing and secured with
adhesive. Solder the +ve lead of
the PP3 clip and the +ve lead from
the PCB to the two switch ter-
minals. The Heat Pen is now ready
for calibration.

Calibration

A crude but effective way of
calibrating the Heat Pen is in iced
water. |deally the water should be
distilled and free from contami-
nants which may alter the freezing
point temperature. It is important
to ensure that water does not
penetrate the leads of the tem-

erature sensor as it will cause a
eakage current to flow and thus
?ve an erroneous reading, There-

ore place the heat pen probe ina

plastic bag and place in a vessel of
iced water. Switch on the Heat
Pen and with your DVM monitor
the voltage at pin 7 of IC1 with
respect to OV. Adjust RV2 for
2.37V.

Now p §the Heat Pen into
the DVM Adjust RV1 until 0.00V
is obtained. The unit is now calib-
rated to 0°C. Cut out a piece of
foam rubber to fit on top of the
PCB in the box. This is to prevent
the battery casing from short cir-
cuiting the components, and also
to prevent everything from rattling
around inside the box. Fit the bat-
tery on top of the foam rubber and
fit the cover with its switch to the
box and secure with two M4 nuts
and bolts.

__BUYLINES______

A complete kit of raﬂs (excluding the
PP3 battery) is available from: G.P. Elec-
tronic Services, 87 Willowtree Avenue,
Durham, DH1 1DZ. The costis £8.75 inc
VAT and postage for the complete kit or
£1.75 for the PCB only. Note that the
PCB will not be available from our PCB
Service.
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Introducing...

under £2000!

Serpent SCARA assembly robot
On show at Automan NEC 14— 17th May

and at

Training & Development NEC 9—11th July

OSCILLOSCOPES

COSSOR CDU 150. Dual Trace 35MHz
Solld State. Portabie. 8 x 10cmdisplay. With
manual

S.E. LABS SMIIL. Dual Trace 18MHz Solid
State. Portable AC or External DC Opera-
tion. 8 x 10cm display. #¥ith manual...£150
TELEQUIPMENT S54A. Single Trace 10

MHZ. Solld State. With manual .........£110
TELEQUIPMENT D43. Dual Trace 25MHZ.
With manual. £110

TELEQUIPMENT S43. Single Trace 25
MHZ. With manual. £75

EX-MINISTRY CT436. Dual Beam 6MHZ.
Size 10 x 10 x 16ins. With manuai.........£75
NEW PROBES AVAILABLE. Switched x1;
x 10 £11

MULTIMETERS

PHILLIPS DMM2517.4 digit. Auto ranging.
Complete with batteries & leads.
Un-used) £95 AVO TEST SET No, 1
Similar to Avo8 Mk3). Complete with bat-
teries, leads & Carrying Case .£80
AVO Model 7X. Complete with Batteries,
leads & Carrying Case .

AVO Model 73. Pocket Multimeter
{Analogue) 30 ranges. Complete with bat-
teries & leads .£28

UNBELIEVABLE

AVO 8 Mk V. for only. £65
Complete with Batteries & Leads

NEW EQUIPMENT

HAMEG OSCILLOSCOPE 605. Dual Trace
60MHZ Delay Sweep. Component
Tester. ..£5

HAMEG OSCILLOSCOPE 2035 Dual
Trace 20MHZ Component Tester.......£264
BLACK STAR FREQUENCY COUNTERS.

P&P £4
Metedor 100-100MHZ .£99
Meteor 600-600MHZ £128

Meteort 1000-1GHZ. £ 178
BLACK STAR JUPITOR 500 FUNCTION
GENERATOR SIne/Squarel‘l’rIangle
0.1HZ - 500KHZ. p&p £4 £110
HUNG CHANG DMM 6010. 3'4 digit. Hand
held 28 ranges Including 10 AMp AC/DC.
Complete with batteries & Ieadsmp&p
£4 50

MULTIMETER type U4324. 33 Ranges
Complete . £16
with Batteries & Leads P&P £4.

ADVANCE AM/FM SigGentypeSG6337.5
- 230 MHZ £78
AVANCE AM Sig Gen type SG62 150KHZ -

220MHZ or.ere.£35
PHILIPS WOBBULATOR GMB77S.
5-220MHZ & 440-880MHZ. - .£85

LABGEAR COLOUR BAR GENERATOR
Type 6037
£60. PAP £5

LABGEAR CROSSHATCH GENERATOR
CM6004
£15. PAP £2

5%" FLOPPY DISK DRIVES
TANDOM '%4 Height. Brand New

Single Sided Doubie Density. ..£70
Double Sided Double Density .£100
SHUGART type Sa60. Double Slded. Dou-
ble Density. 80 Track. Ex-eq. — /]

P&P all drives £5

NOW ONLY £12
P&P £3

AVOTRANSISTOR TESTER
TT169

Handheld. GO/NOGO for In-situ Testing.
Complete with Batteries, ieads &
Instructions

Thisisa VERY SMALL SAMPLE OF STOCK,

SAE Or Telephone for LISTS

Please check avallabliity betore ordering.
Carriage all units £12

VAT to be added tototal of Goods & Carriage.

MAINS ADAPTOR. New. 240V Input 9v DC
800MA Output, Plugs directly into 13A Soc-
ket. P&P £2 .E5 ea.
DELPAK D15-200 POWER SUPPLY
MODULE. Enclapsulated Ex-eq. 210-250
Input. +/— 15V 200MA Output. P&P £2

£7.50 ea.

AND To be featured as a
constructional project in
Practical Electronics
September issue. =

i: O ybernntzc
A‘R pplications

0264 50093

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

Callers welcome 9am to 5.30pm Monday to Saturday inclusive

Y

Master
Eleclronics -Microprocessors
-Now! The Praclical Way'!

@ Electronics — Microprocessors
— Computer Technology is the
career and hobby of the
future. We can train you at
home in a simple, practical

ROBOTS

For Education,
Training and Industry

NEPTUNE |

g
NEPTUNE It ©

NEPTUNE — for clean
hydraulic power
tap water is the

@ Recognise and handle all
current electronic components

@ Carry out full programme of

and interesting way.

and ‘chips’.

experimental work on electronic computer circuits
including modern digital technology.

@ Build an oscilloscope and master circuit diagram,

@ Testing and servicing radio — T.V. — hi-fi and all types of
electronic/computer/industrial equipment.

NewJob? New Career? NewHobby ?

SEND THIS COUPON NOW

Nt e £

FREE! COLOUR BROCHURE o re.eeHone us 062 667 269

hydraultic fluid!

MENTOR
Kit from
£345

NEPTUNE | 6 axes; 8 bit control system; 2.5Kg
capacity; 1 120mm reach.

NEPTUNE I 7 axes. 1 2 bit control System,
2.5Kg capacity: | 120mm reach

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

Extensive software is supplled free with
each robat.,

Leads availabie for connection to B8C. ZX

Please send your brochure without any obligation 1g OR TELEX 22758 24 MR SERVICEl |[CACC ] MENTOR DC servo desktop robot. 8 bit Spectrum, Appie lie, Commodore &4 and
l NAME | am interested in ] control system; 300gm capacity, 420mm reach VIC 20.
) DRESS [: ELECTRONICS | Robots programmed from keyboard of hand- m:?mummos ate.atso easly Dty
AD|
1 i N :: ::\CDF:gP:N?E'IE':lSJ%RLSICENCE I heid simulator [model robot) Robots also available ready buit
oy - C—JCITY & GUILDS EXAMS ! Please phone for brochure: 0264 50093.
IE - — — ! West Portway Industrial Estate, Andover SP10 3ET.
! Other Subjects |

limmmmm&m&:m P0.Box 7 Teignmouth,Deven TQHO}is]

(]
'a: i""‘"""—' A private and independent company giving prompt.

pplicatiens peisonal service




- SERVICE SHEET

L3R ]

Enquiries

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

® We undertake to do our best to answer en-
quiries relating to difficulties with ETI projects, in
particular non-working projects, difficulties in ob-
taining components, and errors that you think we
may have made. We do not have the resources to
adapt or design projects for readers (other than for
publication), nor can we predict the outcome if our
projects are used beyond their specifications;

® Where a project has apparently been construc-
ted correctly but does not work, we will need ades-
cription of its behaviour and some sensible test
readings and drawings of oscillograms if approp-
riate. With a bit of luck, by taking these measure-
ments you'll discover what's wrong yourself. Please
do not send us any hardware (except as a giftl);

® Other than through our letters page, Read/
Write, we willnot replyto enquiries relatingtoother
types of article in ETI. We may make some excep-
tions where the enquiry is very straightforward or
where it is important to electronics as a whole;

® Wereceive alarge number of letters asking if we
have published projects for particular items of
equipment. Whils* some of these can be answered
simply and quickly, others would seem to demand
the compiling of a long and detailed list of past pro-
jects. To help both you and us, we have made a full
index of past ETI projects and features available
(see under Backnumbers, below) and we trust that,
wherever possible, readers will refer to this before
getting in touch with us.

@ We will not reply to queries that are not accom-
panied by a stamped addressed envelope (or inter-
national reply coupon). We are not able to answer
queries over the telephone. We try to answer
promptly, but we receive so many enquiries that
this cannot be guaranteed.

® Be briefandtothe pointinyourenquiries. Much
as we enjoy reading your opinions on world affairs,
the state of the electronics industry, and so on, it
doesn’t help our already overloaded enquiries ser-
vice to have to plough through several pages to find
exactly what information you want.

Subscriptions

THe prices of ET) subscriptions’are as fottusms

UK: £16.30

Overseas: £18.30 Surface Mail
$24.00 Surface Mail (USA)
£43.30 Air Mail

Send your order and money to: 11 Subscnptions
Department, Infonet Ltd, Times House, 179 The
Marlowes, Hemel Hempstead, Hertfordshire, HP1
1BB (cheques should be made payable to ASP Ltd).
Note that we run special offers on subscriptions
from time to time (though usually only for UK sub-
scriptions, sorry).

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

Backnumbers

Backnumbers of ETI are held for one year only from
the date of issue. The cost of each is the current
cover price of ET! plus 50p, and orders should be
sent to: ETI Backnumbers Department, Infonet Ltd,
Times House, 179 The Marlowes, Hemel Hemp-
stead, Hertfordshire HP1 1BB. Cheques, postal
orders, etc should be made payable toASP Ltd. We
suggest that you telephone first to make sure there
are still stocks of the issue you require: the number
is (0442) 48432, Please allow 28 days for delivery.

We would normally expect to have ample stocks
of each of the last twelve issues, but obviously, we
cannot guarantee this. Where a backnumber pro-
vestobe unavailable, orwhere theissue yourequire
appeared more than a year ago, photocopies of

ETI JUNE 1985

individual articles can be ordered instead. These
cost £1.50 (UK or overseas surface mail), irrespec-
tive of article length, but note that where an arti-
cle appeared in several parts each part will be
charged as one article. Your request should state
clearly the title of the article you require and the
monthandyearin whichitappeared Whereanarti
cle appeared in several parts you should list these
individually. An index listing projects only from
1972 to September 1984 was published in the
October1984 issueand canbe orderedin the same
way as any other photocopy. If you are interested in
features as well as projects you will have toorderan
index covering the period you require only. A full
index for the period from 1972 to March 1977 was
published in the April 1977 issue, an index for April
1977 through to the end of 1978 was published in
the December 1978 issue, the index for 1979 was
published in January 1980, the 1980/81 index in
January 1982, the 1982 index in December 1982,
the 1983 indexin January 1984 and the 1984 index
in January 1985. Photocopies should be ordered
from: ETI Photocopies, Argus Specialist Publica-
tions Ltd, 1 Golden Square, London W1R 3AB.
Cheques, postal orders, etc should be made pay-
able to ASP Ltd.

Write For ETI

We are always looking for new contributors to the
magazine, and we pay a competitive page rate, |f
you have built a project or you would like to write a
featureonatopicthatwouldinterest ETIreaders, let
us have a description of your proposal, and we’'ll get
back to you to say whether or not we're interested
and give you all the boring details. (Don’t forget to
give us your telephone numbenr).

Trouble With Advertisers

So far as we know, all our advertisers work hard to
provide a good service to our readers. However,
problems can occur, and in this event you should:
1. Write to the supplier, stating your complaintand
asking fora reply. Quote any reference numberyou
may have (in the case of unsatisfactory or incom-
plete fulfilment of an order) and give full details of
the order you sent and when you sent it

2. Keep a copy of all correspondence.

3. Checkyour bank statement to see if the cheque
you sent has been cashed.

4. If you don’t receive a satisfactory reply from the
supplierwithin, say, two weeks, write again, sending
your letter recorded delivery, ortelephone, and ask
what they are doing about your complaint.

If you exhaust the above procedure and still do
notobtain asatisfactoryresponsefrom the supplier,
then please drop us a line. We are not able to help
directly, because basically the dispute is between
you and the supplier, but a letter from us can some-
times help to get the matter sorted out. But please,
don't write to us until you have taken all reasonable
steps yourself to sort out the problem,

We are a member of the mail order protection
scheme, and this means that, subjectto certain con-
ditions, if a supplier goes bankrupt or into liquida-
tion between cashing your cheque and supplying
the goods for which you have paid, then it may be
possible for youto obtain compensation. From time
to time, we publish details of the scheme near our
classified ads, and you should look there for
further details.

(010145

Corrections to projects are listed below and normally
appear for several months. Large corrections are
published just once, after whichanote willbeinser-
ted to say that a correction exists and that copies
can be obtained by sending in an SAE.

CMOS Tester (August 1984)

C3 and C2 are reversed on the overlay: C3 isthe
electrolytic and C2 the polyester. R33 is 100K
not1M asgivenin the parts list, and RV1 isa1M
horizontal skeleton preset R1-16 are two, eight-
resistor SIL packages, the component labelled
Cl4 ontheoverlayis SK1,and the connections to
D2 shown in Fig, 3 are reversed. On the circuit
diagram, the eight lines connecting SW9-16 to
the inverters are shown in reverse sequence.
Some of the inverters have been given the
wrong designations; the correct sequence,
reading down from the top, is:- IC1f,1C2a, IC2b,
IC1e,1C1d, IC1¢, IC1b, IC14a, I1C2¢, IC2d, IC2e,
IC3d, 1C34, IC3b, IC3¢, IC2f. Finally, the pin
numbers are missing from ICs3eandf; theinput
of IC3e s pin 11 and its output pin 12, and the
input of IC3f is pin 14 and its output is pin 15.
The PCB is correct in all respects.

AM/FM Radio (November 1984)

In Fig. 2, the oscillator and IF sections should be
shown connected to ground; the PCB is correct. In
Fig 4, C31 should be 10n to give the 75us
deemphasis shownin Fig. 3, but4n7 has beenfound
to give a brighter midrange. R38 in Fig. 5 should, of
course, be 820k rather than 280k and it and the
bottom end of C38, C44 etc should be shown con-
nected to ground. In the construction section on
page 25, four pieces of 8mm plywood are men-
tioned but in fact only three are needed — the
fourth side is the front panel. See also the note in
DecemberNews Digest regardingavailability of the
inductors,

Digital Control Port (November 1984)

The second sentence in the “Testing” section on
page 30 should include the words ‘without any ICs
inplace’Inthesecond paragraph ofthat section, the
check for +5V should be made on pin 3 of IC101,
not IC1. At the bottom of the first column on page
31, the last sentence should finish with B3 = 0,

Video Vandal (November 1984)

In Fig. 8 on page 54, R16 and R17 should be shown
connected to the base of Q4, and C12 and SW2
should be in the D output line rather than the OV
line. It may also be beneficial to add a diode across
R3 with its anode connected to the sliderof RV1. In
Fig 10, R52 and LED2 are shown connected across
the+12Vsupplybutitis bettertoplace them across
the —12V supply so as to even-up the dissipationin
the ICs.

Digital Delay Line (December 1984 - January 1985)
InFig. 6 on page 21 of the Decemberissue, C19 and
C20 are both 100uF. In Fig. 8 on page 62 of the
January issue, C3 should be marked 33p. On the
overlay dlagram (Fig. 9, p.64), R37 is missing and
should be connected between pin 3 of IC9 and the
OV line; R20 is missing and should be located in the
hales immediately to the left of R18; R50 is missing
and should be connected between pins 1 & 2 of
1C14, Some components on the overlay have also
been wrongly numbered:- C20 should be marked
C19and C21 shouldbe marked C20; R12 (between
ICs 5 & 6) should be marked R22; R48 should be
R44, R49 should be R45, R57 should be R46, R51
should be R47, R50 should be R48, and R47 should
be R49. The unmarked capacitor directly above
whatis now C19 is an un-numbered 100n ceramic.
C30 doesnotappearonanydiagramor partslistand
this is correct.

“Sonneti’” Combo (March 1985)

The foil pattern on the overlay diagram has been
shown as though from the copper rather than the
component side, The foil is correctly shown on the
Foil Patterns page from the copper side.

VCDO (March 1985)

RV2 should be 10k (right in parts list, wrong on cir-
cuit diagram).




TECH TIPS

NDTE:
IC1 = 741 or similar

LED1-3 = GREEN LEDS
LED4 = RED LED
D15 = 1N4148

+VE

R2
2k2

RV1
10k

—VE

Budget VU Meter

J. Green
London

The circuituses three ormore green
LEDs and one red LED to int%icate
the level of a varying input signal.
Each LED is connected to a different
point on a chain of diodes and will
only light up when the applied vol-
tage exceeds the combined con-
duction threshold of all the diodes
connectedbetweenits cathodeand
the negative rail.

About 5.2V is needed to light all
the LEDs in the chain, and this is
achieved by using an operational
amplifier arranged to give a gain of
3.5. This is sufficient to light the red
LED from a standard 0dB signal
input. RV1 sets the gain of the
op-amp and is adjusted so that
the red LED just lights up at the
required level.

The circuit works well with a
supplyofx 5V, butif youwishtouse
more LEDs in the chain the supply
voltage will have to be increased
and the value of R3 raised to
increase the gain of the op-amp. An
op-amp with a higher current rating
may also be required.

Cheap Hour
Counter

P. Roch
Luxembourg

It is often useful to be able to
measure the period of time for
which a piece of mains-powered
equipment has been in use, but the
elapsed hour counters sold for this
purpose are quite expensive. This
circuit, which was originally
designed for use with a central heat-
ing burner, uses a redundant cal-
culator as the display and can be
built very cheaply.

The circuit works by taking a
50Hzsignal fromthe piece of equip-
ment being monitored and divides
this to drive the '+’ key of a cal-
culator. The calculator used must
have the facility whereby an
entered number, X, is incremented
by each push of the '+’ key to
become 2X, 3X, 4X, etc. Most cheap
calculators have this function.

The 50Hz signal isobtained from
a small 6V transformer whose
primaryis connectedin parallel with
the mains supply to the equipment
being monitored. The AC signal is
rectitied by D1 and then squared-
off by the Schmitt trigger, IC1a.
The resulting waveform is fed to
the twelve stage ripple counter IC2,
and the divided output then used to
_?Eerate the bilateral switch, I1C3.

e switched output of this IC is
Divider X connected across the‘+'key of the
Output hours mins secs calculator.
Inuse, theappropriate value of X
Ixge Diog93e b Ly for the readout required is keyed
2% %8 0.00142 0.0853 512 into the calculator and the 50Hz
2% %9 0.00284 0.1707 10.24 signal applied totheinput. Values of
%::}? 8-8(1)?‘3’3 sy ‘2;8'32 Xto give displays in hours, minutes
2% %12 0.02276 13653 81.92 and seconds are given in the table
for various divider outputs.
— O v
16 14
121
b :
) 210—o —0
12 - LINK 13 CALCULATDR
Ic2 :: _01—3—0- Ic3 2 vxev b
RESET 57 |
MAINS IN - £ D
FROM EQUIPMENT R4
BEING MONITORED 8 am7 7
$ =g O ov
NOTE
IC1 = 4093
iC2 = 4040
IC3 = 4066
D1 =1N4148
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Sw1 100k 2> 1M0
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6 B s 6 §nn

47k
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e C4

10
IC4
PIN7

cs L
10n =

NOTE:

1C1,2,5 = CMOS 555

IC3 = 4015

IC4 = 4077

X1= PIEZOELECTRIC SOUNDER

Annoying Alarm

P. Cooper
London

This circuit was designed to drive a
computer maniac away from his
machinein time for meals and emits
an annoying pseudo-random sequ-
ence of tones about two minutes

after being switched on. The proto-
typewasarrangedto beswitchedon
by the remova ofaf'ack plug so that
it could not easily be disabled
once activated.

A two minute delay is produced
by monostable IC1, which is trig-
gered by C1 when poweris applied.
IC1's output is inverted to give an
active high enable signal which
allows astables IC2 and IC5 to run
after the delay. IC2 clocks a 4-bit
shift register (IC3) at about 5 Hz

while IC5 generates an audio tone
whose frequendy is modulated by
IC3’s outputs and R1 to R5. The first
and last outputs of the shift register
are Exclusive-NOR’ed and the result
is fed to the data input to produce
the pseudo-random code. The two
terminals of the piezoelectric buz-
zer are driven in antiphase to
increase sound output.

The resulting alarm is very
annoying, as people present during
its development will testify!

Slot Car Brake
Lights

M. Kendall
Fleet,
Hampshire

This circuit may be fitted to most
small slot-type racing cars and
drives two red LEDs mounted atthe
back of the car. The LEDs are auto-
matically illuminated whenever the
slot-car slows down, giving arealistic
imitation of the action of car brake
lights.

The circuit is based around IC1
which is connected as a differen-
tiator. It monitors the voltage being
supplied to the car and turns on Q1
asthisfalls.D2,ZD1,R1and C1 pro-
vide a regulated supply for IC1. D1
removes any negative going spikes
produced by the motor. With a con-
stant voltage across the track the
output of IC1 sits at about 2V DC,
with a large AC content caused by
spikes from the motor. R5 and Ré

ETI JUNE 1985

R2
10k

R1
D2 120R
o—1 > I A,
f LED2
Ic1
+ c2 s PIN7
-![ 202 390k
FROM
TRACK 6
K Ic1
D1
—
+l o i
T 330u ZD1
Ic1
PIN 4
14 L

NOTE:
€1 =741

D12 = 1N40OY

Q1 =BC183 or similar

ZD1 = 6V3 400mW ZENER
LED1.2 = ANY MINIATURE RED LEDS

form a potential divider which holds
Q1 just off under these conditions
and C3 removes most of the AC.
When the voltage across the track
drops and the car slows down, the
output of the IC rises to around 4V
increase sound output.

and Q1 switches on, lighting the
LEDs.

If the LEDs tend to flicker when
driving at constant speed C3 can be
usefullyincreased; sizeis theimpor-
tant consideration here, so use a
tantalum capacitor.

The circuit has been fitted in
Scalextricrally carsand works wellin

practice.
ETI
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particular project.

Note that these are all the boards that are available — if it isn’t listed, we don’t have it.
Our terms are strictly cash with order — we do not accept official orders. However, we can provide a

pro-forma invoice for you to raise a cheque against, but we must stress that the goods will not be
dispatched until after we receive payment.

1981
0O E/8106-8 Waa-Phase.............. 1.76
O £/8106-9 Alien Attack............. 4.00
O E/8107-1 System A-Input (MM/MQ .. 3.05
O E/8107-2 System A — Preamp ... .. 5.95
O E/8107-3 Smart Battery Charger ...2.27
O E/8108-5 Watchdog Home

Security (2 boards) ............. 6.11
O E/8109-1 Mains Audio Link (3 bds). .. 8.45
O E/8109-4 Laboratory PSU ......... 5.21
O E/8110-1 Enlarger Timer........... 3.9
O E/8110-2 Sound Bender........... 3.05
O E/8111-1 Voice Over Unit......... 457
O E&/8111-3 Phone Bell Shifter. ....... 3.40
O §£/8112-4 Component Tester... ... .. 1.71
1982

£/8202-2 Allez Cat Pest Repeller...1.93
£/8202-5 Moving Magnet Stage....4.01

£/8202-6 Moving Coil Stage . ...... 4.01
E/8203-4 Capacitance Meter(2bds) 11.66
E/8205-1DVMeg ......coonvnnn 3.13
E/8206-1 lon Generator (3 bds) ....9.20
£/8206-4 MOSFET Amp Module ... 7.80
E/8206-5 Logiclock.............. 3.52
E/8206-6 Digital PWM ............ 3.84
E/8206-7 Optical Sensor .......... 2.00
E/8206-9 Oscilloscope (4 bds)....13.34
E/8212-2 Servo Interface (2 bds) ... 6.75
E/8212-4 Spectracolumn.......... 5.54
83
£/8301-1 Fuel Gauge. ............. 3.45
£/8301-2 ZXADC................. 2.59
£/8301-3 Programmable PSU...... 3.45
E/8303-1 SoundBoard . .......... 12.83
E/8303-2 Alarm Module........... 3.62
£/8303-3 ZX81 User Graphics ... .. 1.07
£/8303-4 Logic Probe ............. 2.50
£/8304-1 Real Tiv e Clock........... 8.74

E/8304-4 Stage Lighting— Main ... 13.73
£/8304-5 Stage Lighting — Display 3.45

E/8305-1 Compressor/Limiter .. ... 6.19
£/8305-2 Single PSU.............. 3.16
£/8305-3 DualPSU ............... 4.01
£/8305-4.2 NDFLAmp ............ 7.88

£/8305-5 Balance Input Preamp....3.23
E/8305-6 Stage Lighting Autofade.. 6.19
E/8305-7 Stage Lighting - Triac bd . 4.74
£/8306-1 to 3 Pseudo ROM (3bds) .3.62
E/8306-5 Atom Keypad. ........... 5.18
£/8307-1 Flash Sequencer. ........ 2,67
£/8307-2 Trigger UnitMain Board. . . 2.67

0000000000000 OoOoOoOoO0O00% 0000000000000

E/8307-3 Trigger Unit Transmitter 1.66
E/8307-4 Switched Mode PSU. ... 16.10
E/8308-1 Graphic Equalisr,........ 9.10
E/8308-2 Servo Fail-Safe (4 off) ....2.93
E/8308-3 Universal EPROM prog . .. 9.64
E/8309-1 NiCad Charger/Regen ...3.77

£/8309-2 Digger.................. 3.40
E/8309-3 64 KDRAM ............14.08
E/8310-1 Supply Protector .. ...... 2.19
£/8310-2 CarAlarm............... 3.98
E/8310-3 Typewriter Interface ..... 417
E/8311-1 Mini Drum Synth ........ 3.07
E/8311-2 Alarm Extender.......... 3.1
£/8311-3 Multiswitch ............. 3.59
£/8311-4 Multiple Port............ 4.34
E/8311-5 DAC/ADCFilter .......... 3.22
E/8311-6 LightPen ............... 4.60
£/8311-7 Logic Clip............... 2.51
£/8311-8 MC Head (JLLH)......... 3.7
£/8312-1 Lightsaver............... 1.85
£/B312-2 A-to-D Board. ............ 12.83
£/8312-3 Light Chaser (2 bds) ..... 7.54
£/8312-4 ZX Alarm ............... 6.04
84

£/8401-1 Vector Graphics......... 8.27
£/8402-1 Speech Board

(MiniMynah} ................. 10.97
E/8402-2 MP (Modular Preamp) Disc

input (mono) ................... 3.73
E/8402-3 MP Output stage (stereo) 3.73
E/8402-4 MP Relay/PSU........... 3.73

E/8402-5 MP Tone, main (mono) ...3.73
E/8402-6 MP Tone, filter (stereo)...3.73
E/8402-7 MP Balanced output (st) ... 3.73
E/8402-8 MP Headphone amp (st) ...3.73

0000000000000 0000000000 O 00a0000000000CO0O00O0O0O0O0O0O0O0OOO0

E/8402-9 MP Mother board.. ....... 9.01
£/8403-1 Power Meter............ 5.81
£/8403-2 Z80 DRAM. ............. 9.79
£/8403-3 Obedient Die ........... 3.76
£/8404-1 School Timer............ 4.07
£/8405-1 Auto Light Switch. ....... 4.01
£/8405-2 ZXB81 EPROM Prog. ....10.53
£/8405-3 Mains Borne RC .......... 5.07
£/8405-4 Centronics Interface..... 4.09
E/8405-5 Vario................... 6.62
£/8405-6 Midi Drum Synth ........ 359
£/8406-1 Oric EPROMB. ....... 19.58
E/8406-2 Spectrum Joystick ....... 3.30
£/8407-1 Warlock Alarm . ... ...... 8.19
£/8408-1 Joystick Interface. . ...... 3.07
£/8408-2 EPROM Emulator. . ... ... 9.11
E/8408-3 Infrared Transmitter . . ... 3.70

How to order: indicate the boards required by ticking the
boxes and send this page, together with your payment, to:
ETIPCBService, ArgusSpecialist Publications Ltd, 1 Golden
Square, London W1R 3AB. Make cheques payable to ETI

PCB Service. Payment in sterlingonly
please: Prices subject to change

without notice.

Total for boards £,
Add 45p p&p
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Total enclosed -

PLEASE ALLOW] Signed
28 DAYS FOR
DELIVERY Name

ETI PCB SERVICE

In order to ensure that you get the correct board, you must (Luote the reference code when ordering,
The code can also be used to identify the year and month in whic

a particular project appeared: the first
two numbers are the year, the third and fourth are the month and the number after the hyphen indicates the

OooooO00 000ooooo 0 00000O0DO00O0a0000000000000000O0O00D0O0O0O0O00O0

85

E/8408-4 Infrared Receiver........

£/8408-5 CMOS Tester............ 4.60
E/8409-1 EX42 Kybd. Interface ....3.82
E/8409-2 Bansheee Siren.......... 3.19
E/8409-3 Dry Cell Charger......... 2.80
E/8410-1 Echo Unit............... 3.92
£/8410-2 Digital Cassette ......... 9.80

£/8410-3 Disco/Party Strobe ... ... 4.80
E/8411-1 AM/FM Radio (4 bds). .. 13.02
E/8411-2 Control Port-control bd 12.15
E/8411-3 Control Port-1/Obd .. ... 6.33
E/8411-4 Capacitance Meter. ... ... 3.55
E/8411-5 Video Vandal (3 bds) ...12.10
£/8411-6 Temperature Controller. .. 2.88
£/8411-7 Mains Failure Alarm. ..... 2.54
£/8411-8 Knite Light.............. 3.25
£/8411-9 Stage Lighting Interface. .. 3.73
£/8411-10 Perpetual Pendulum....3.14
E/8412-1 Spectrum Centronics ....3.51
£/8412-2 Experimenter sDRAM. .. 14.08
£/8412-3 Active-8: Motherboard . .. 9.37
£/8412-4 Active-8: Protection Unit 3.67

E/8412-5 Active-8: Crossover...... 3.67
£/8412-6 Active-8: LFEQ.......... 3.67
£/8412-7 Active-8: Equaliser. . .....3.67
£/8412-8 Active-8: Delay Unit. .. ... 3.67
E/8501-1 Active Bass Speaker...... 2.79
E/8501-2 DRAM Card Update...... 3.66

E/8501-3 Digital Delay (2 bds) ... 26.00
E/8502-1 Digital Delay Expander. . 10.79
£/8502-2 Data Logger ............ 5.17
E/8503-1 Combo preamplifier. ... .. 4.49
E/8503-2 THD meter mV & osc. bds 7.02
£/8503-3 THD meter mains PSU ... 3.49
E/8503-4 THD meter battery PSU ... 1.36
E/8503-5 ParaGraph Equaliser

IP/MSP & OP/PSU bds. ........... 9.30
E/8503-6 ParaGraph Equaliser

MRS, = sm vz i s ivis & B A8 451
E/8504-1 Framestore Memory ... 11.53
E/8504-2 Framestore ADC/DAC...
E/8504-3 Framestore Control .. .. 16.51

E/8504-4 Buzby Meter............ 4.38
E/8504-5 CCD Delay............. 3.70
E/8505-1 6802 board. ............. 7.87
E/8505-2 EPROM prog. upgrade ... 4.71
E/8505-3 Scoreboard controller,

PSU and opto-isolator bds...... 11.54
E/8505-4 Scoreboard digit driver...4.11
E/8505-5 Stereo Simulator......... 3.55
E/8506-1 Audio mixer mainbd. . ... 5.40
E/8506-2 Audio mixer PSU bd . .... 3.87
E/8506-3 Audio mixer RIAA bd.. ... 2.36
E/8506-4 Audio mixer tone ctrl. . . .. 2,68

E/8506-5 EPROM Prog'MkI. . ... .14.25
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REVIEWS

GATE ARRAYS:
DESIGN AND
APPLICATIONS

Book
John Reed (ed)

Collins Professional and
Technical Publishers

8 Grafton Street
London W1

price: £20

This book is divided into nine
sections, written by different
authors from different com-
panies on {presumably) their
specialities. The first section,
which lays out the background
information and the basic
technology, is written by the
editor.

Cate Arrays are, typically, ICs
with the interconnections bet-
ween different parts not defined.
A customer requiring a specific
logic function can specify the
interconnection pattern to meet
his requirements, and thus can
have a ”semi custom IC” without
having to start from scratch, with
all the cost that entails. Even the
provision of interconnect masks
its not acheap or simple business,
however, sothis technology is not
for prototyping purposes.

Details of the device technol-
ogy are provided, both for bipolar
and MOS arrays. Analogue/linear
arrays are also available (not a lot
of people know that) and both
bipolar and CMOS versions are
discussed. Digital gate arrays are
often known as uncommitted
logic arrays, or ULAs.

Manufacturing a gate array is a
complicated procedure in which
a mis-step can be very costly, and
computeraided design (CAD) isa
big help. About forty pages are
devoted to this important topic.
Followingthis is a short section on
manufacturing, in  which the
author comments ‘whereas full
custom circuits can frequently
take up to a full year to imple-
ment, gate arrays. . .can be pro-
duced in as little as three weeks
from the time a logic diagram is
received.’ This cannot be cheap!

Once the design has been pro-
duced it must be tested. This is
notas easyasit sounds, becauseit
is not possible to place a logic
probeatany convenient pointina
complicated circuit. As the section
covering this aspect points out,
the design must be carried out so
that the functioning of the circuit
can be determined by access to
the pins, and without having to
take the circuit through every
conceivable logic state.

ETI JUNE 1985

After this are three sections on
designing with and applying gate
arrays. One example shown here
is the Acorn Electron, in which
mostlogicnotconnected withthe
microprocessor is carried out by a
gate array. This includes video
handling, sound generation and
the cassette interface.

The book is primarily addres-
sed to engineers and engineering
management who are contem-

plating the use of gate arrays in
their products. It deals with com-
mercial and practical aspects as
wellas the technology, and rightly
sO in my view because many
potential users of gate arrays must
have noideawhere the pitfalls lie.
Given the rate of technological
change, this book cannot give all
the answers, but it pinpoints a lot
oftheimportantconsiderationsin
implementing a design in gate

DESIGNING
MICRO
PROCESSOR-
BASED
CIRCUITRY

Book

S.J. Cahill

Prentice-Hall International
66 Wood Lane End

Hemel Hempstead

Herts HP2 4RG

price: £9.95

Titing a book ‘Designing
Microprocessor-Based Digital Cir-
cuitry is asking for trouble.
Especiallywhen the bookin ques-
tion carries a low price tag and is
only a couple of hundred pages
long. Dangerously so when the
blurb claims that the book ‘strips
away the mystery surrounding
microprocessors’ and that it
requires ‘'no prior knowledge of
digital electronicsand canberead
by anyone with an appreciation of
scientific method.’
Theauthor, S. ). Cahill, works for
the Department of Electronicand
Electrical Engineering at the
University of Ulster — pointedly
described as being situated in’N.
Ireland, UK’. His own preface
gives the lie to the blurb. The
‘objective’ of the book, he writes,
is ‘to strip off the mystery sur-
rounding microprocessors as a
digital device’ ‘No great prior

array form.

The electronics student is also
liable to find this book useful, not
least for the background informa-
tion provided about semi-
conductor  technology and
devices. The home constructor
will find little of relevance here,
but those who are interested for
interest’s stake should give this
informative book a look.

Andrew Armstrong

Received this month:

Microelectronics Systems 1
Checkbook
Microelectronics Systems 2
Checkbook
Microelectronics Systems 3
Checkbook

(R.E. Vears, Butterworths,
London).

O-level and CSE Pass-cards,
Electronics

(P. Clothier BSc, Letts,
London)

LISP — The Language of Artificial
Intelligence
(A.A. Berk, Collins, london)

These books will be reviewed
next month.

Also next month, we will be
reviewing the Microprofessor
MPF 1/88 — an 8088-based
development and training
system from Flight Electronics,
Southampton, and the Touchtech
touch screen add-on for Mic-
rovitec monitors from Mic-
rovitec, Bradford.

knowledge of electronics (is)
assumed,’ writes Cabhill, and ‘any-
one with an appreciation of scien-
tific method will benefit from the
text” The differences may be
small but they are significant. The
lesson we can learn is never to
trust blurb-writers {or, for that
matter, publishers).

That said, the text proper
begins with a somewhat doubtful
proposition.  ‘Electronics is
defined as the art of processing
information by electrical means,’
writes the author. One wants to
ask him, by whom is it so defined
and what does it mean? Cabhill has
fallen into a trap before taking
barely a step.

He has defined the subject of
his study in order to fit the book,
rather than writing a book which
addresses the very real issues of
how best to approach and under-
stand microprocessor - based
systems. This becomes clear as
you move through the book, pro-
ceeding from an introduction to
logic and digital circuits to a look
at microprocesors finishing with
the meat of the work — a project
to build a 6802 controlled green-
house thermometer.

This project forms well over half
the book and ideas behind it are
introduced as early as the first
page of the text proper. My first
question was, why build this par-
ticular project? This is a question
that recurs throughout elec-
tronics and it's a question which
Cahill makes some attempt to
answer with, in my opinion, little

success. My next question con-
cerned Cahill's tendency to gloss
over things that bear too little on
the impending project. The book
presumes a great deal and treats
rather cursorily those aspects of
electronics in general — and digi-
tal electronics in particular —
which don’t come within the
author’s purview.

There can be no doubt that the
task Cabhill has set himself is dif-
ficult. If he doesn’t succeed
gloriously he can be consoled by
the factthat he has made a valiant
attempttotake theground. Thisis
more than most writers on elec-
tronics ever do. Given its limita-
tions, the book is well executed,
readable and, at times, informa-
tive. Naturally, the project itself is
handled with unimpeachable
comprehensiveness. If you work
through the book and construct
the project (as suggested, on
breadboard) there can be no
doubt that you will end up with as
good a working knowledge of
6802 MPU as can be had. This
would be nd small achievement,
and no small return on the cost of
the book. You would also be in a
good position to develop a more
general understanding of digital
systems and microprocessors
than could be guaranteed by any
number of introductory texts. [n
that sense, Cahill's practical
approach works — even if it
doesn’t quite attain his own
or the blurb-writer's goal.

Gary Herman
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TRAINS OF
THOUGHT

Only three years ago if you said
‘transistor’ to the average railway
modeller, he (or, rarely, she)
paled visibly. If you said 'inte-
grated circuit’ he winced. And if
you said ‘computer . .. well, you
didn’t because before you got
that far he would have bolted
from the room in blind panic.

A shame really, because the
average railway modeller has quite
an appreciation of electricity, of
logic and of control. It's just that
he is what he is because he likes
to see things move. He's happy
with switches by the bank, relays
by the ream and rheostats by the
kilowatt. But the the thought of
electrons doing their thing out of
sight inside black plastic cases
where he can't get at them, well,
that's contrary to all his instincts.

That was three yeats ago. Since
then things have changed — and
doubtless there are some who'll
say, ‘Not for the better. Many
railway modellers now are turn-
ingto electronicsto solve some of
their problems.

LEDs are now extensiviey used
as lamps (known, in the jargon, as
aspects} in colour-light signals, an
application for which they are far
better suited than the traditional
‘grain-of-wheat’ bulbs. Train detec-
tion systems to tell the operator
where his trains are — displaying
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the status, as like as not, on a
mimic diagram — are no longer
uncommon. And that's to say
nothing of control systems of
varying degress of sophistica-
ion, some of which generate simu-
lated sound as well as giving the
silkiest ever control of traction
power.

Nor has the ubiquitous mic-
rocomputer left the railway mod-
elling fraternity unscathed.
Besides the miracles of four-bit
processing that gave the world
such command-control systems
as Hornby's Zero-1, noexhibition
railway layout is complete
without a computerised display
to tell the spectators what is
supposed to be happening.

Many modellers have found
their hands forced, if only
because electroni