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P.E. PROJECT KITS

Full kits include pcb’s, hardware, cases (unless
stated otherwise), IC sockets, wire, nuts & bolts.
Article reprints extra 70p each.

SPECTRUM SPEECH SYNTH. AND 8 BIT VO
PORT Jan 86 £28.19
HIGH PERFORMANCE STEPPING MOTOR
DRIVER Dec 85 £20.98
EXTRAS: Transformer £5.98, Case £2.95,
BBC lead & plug £1.98, Motor-1035 £14.50
COMMODORE USER PORT EXPANDER Nov
£10.91
MODEL RAILWAY TRACK CONTROL Nov 85
£41.04
‘SQUINT’ ROBOT EYES Nov 85 £8.68
TOUCH CONTROL PSU Oct 85 £28.38

DIGITAL CAPACITANCE
METER

A superb instrument with a five dian 0.5 inch LED dts#wlay
?lvin direct read out of pF nF and uF from 1pF to

Exceptionally easy to use. A crystal timebase eliminates
semn? up procedures.

Ideal for schools, labs, and industry as well as electronics
enthusiasts from beginners 10 experts.

Complete kit — including PCB. case, all components. and
hardware, £35.98. Reprints of article 70p.

MODULATED SYNDRUM Oct 85 £26.58
GENERAL PURPOSE ROBOT INTERFACE,
fully populated board Sept/Oct 85 £74.99
RS232 TO CENTRONICS CONVERTER Sept
85 £44.95
CAR BOOT ALARM Sept 85 £11.72
COMPUTER ENVELOPE SHAPER Aug 85
£22.19

VOLTMETER MEMORY ADAPTOR July 85
£10.98

STYLUS KEYBOARD FOR COM 64 Jun 85
£9.55

SYNTHESISER INTERFACE FOR COM .64
Jun 85 £15.69

AMSTRAD SYNTHESISER INTERFACE May

£25.38
CYLINDER THERMOSTAT May 85 £21.77
BBC POWER CONTROL INTERFACE Apr 85

£20.99
GUITAR ACTIVE TONE CONTROL less case
Sept 83 £11.97
PROGRAM CONDITIONER June 83 £18.67
AUTO TEST SET May 83 £34.62
WIPER DELAY Apr 83 less relay £8.24
BATTERY TESTER Apr 83 £13.25

MAGENTA

EDUCATIONAL SETS

FUN WITH ELECTRONICS

Enjoyable introduction to electronics. Fuli of very
clear full colour pictures and easy to follow text. ideal
for all beginners — children and adutts. Only basic
tools needed. 64 futl colour pages cover all aspects
soldering — fault finding — components (identifi-
cation and how they work).
Also full details of how 1o build 6 projects — burglar
alarm, radio, games. etc. Requires soldering 4
pages clearly show you how.

COMPONENTS SUPPLIED ALLOW ALL
PROJECTS TO BE BUILT AND KEPT.
Supplied less batieries & cases.

FUN WITH ELECTRONICS,
COMPONENT PACK £16.98

BOOK EXTRA £1.75.

Book available separately.

LOGIC TUTOR

A specifically designed test bed for the practical side
of the 8 part educational series ‘Introduction to
Digital Electronics’ Practical Electronics Oct 83 —
May 84. Full kit includes screen printed pcb, power
supp;y, connector strips and turned pin sockets (less
case).

»
REPRINTS EXTRA 70p EACH

ADVENTURES
WITH
ELECTRONICS

An easy to follow book suitable for all ages.
Ideal for beginners. No soldering, uses an S-
Dec Breadboard. Gives clear instructions with
lots of pictures. 16 projects — including three
radios, siren, metronome, organ, intercom, tim-
er, etc. Helps you leam about electronic compo~
nents and how circuits work. Component pack
includes an S-Dec breadboard and all the com-
ponents for the projects.

Adventures with Electronics £3.58. Component
pack £20.98 less battery.

HIGH PERFORMANCE
STEPPING MOTOR DRIVER

As featured in December issue

Kit mcludm? PCB, 1.C. & All Parts £20.98
Transformer 30V 18VA £5.98 extra
Case (houses PCB only) £2.95 extra
Lead & Connector for BBC Computer £1.98
Motor — ID35 £14.50
TEA1012 also available separately £6.88. Data £1.00

TOOLS

Antex X5 soldering iron 25W 240V £7.25, 12V £7.45, 24V
£7.65, 110/115V £7.35.

Antex Model C soldering iron 240V £6.98
Heat sink tweezers

Solder handy size 5

Solder carton

Solder reel size 10

Low cost pliers

Low cost cutters

Bent nose pliers

Mini drill 12V (MD1)

Multimeter Type 1 10000pv

Multimeter Type 2 20,0000pv

Multimeter Type 3 30,0000pv (taut baud)

Multimeter Type 4 10M digital

Desolder pump

Signal injector

Circuit tester

Helping Hands jig & magnifier

Miniature vice (plastic)

BOOKS

A Practical Introduction to Microprocessors. Penfold £2.10
Basic Electronics. Holder & Stoughton £8.98
Beginners Guide to Building Electronic Projects.
Penfold £2.25
BBC Micro. Usborne First Guide to 2.26
DIY Robotics & Sensors Billingsley. BBC £7.95
(gommodore 64 £7.99
Eiementary Electronics. Sladdin £5.98
Experiements with Your Computer (Science) £2.43
Science How to Design & Make Your Own PCBs.
BP12t 15
How to Get Your Electronics Projects Working. BP110
£2.15

£3.20

How to Make Computer Controlled Robots. Potter =
3.19

How to Make Computer Model Controllers. Potter
Inside the Chip. Usborne £2.19
Interfacing to Microprocessors & Microcomputers £6.50
Machine Code for Beginners. Usbome £2.45
Making Music on the BBC Computer. Waugh £6.45
Micro Interfacing Circuits Book 1 £2.45
Microprocessors for Hobbyists. Coles £4.98
Practical Computer Experiments. Parr £1.95
Practical Things to do With a Microcomputer. Usborne
£2.19

Programming for Education on the BBC Computer. Scriver/
Half £6.45
Questions & Answers — Electronics. Hickman £3.45

Understanding the Micro. Usborne £1.85
Usborne Introduction to Electronics £2.45

STEPPER MOTOR

BBC TO ID35 STEPPER MOTOR INTERFACE KIT £13.99
PCB, driver IC, components, connectors and leads includ-
ed. Demonstration software, listings, circuit diagram, pcb
layout and construction details-given. Requires unregulated
12Vdc power supply.

INTERFACE KIT (ref PE) £13.99.

OPTIONAL POWER SUPPLY PARTS £4.67.

D35 STEPPER MOTOR 48 Steps. 12V £14.50.

DC MOTOR SETS

MOTOR — GEARBOX ASSEMBLIES 1.5V-4.5V.
Miniature precision made. Complete with quality electric
motors. Variable reduction ratios. Long 3mm dia output
shafts.

Small unit — type MGS (3-2200rpm)
Large unit — type MGL (2-1150rpm)

£3.49
£3.98

PULLEY WHEELS — metal 3mm bore
10mm dia
20mm dia

30mm

METAL COLLAR with screw — 3mm bore

FLEXIBLE SPRING COUPLING 3mm. L31mm

FLEXIBLE METAL COUPLING 3mm

FISCHERTECHNIK DC MOTOR SETS

SMALL TYPE 187

LARGE TYPE 185

DC MOTOR 1.5V-4.5V BRPM 4,400-8,700

Shaft dia 2mm L 10mm. Body 29x38mm

DC MOTOR TYPE — DC28 £1.98
FLEXIBLE STEEL SPRING DRIVING BELT 47p
12" long. Joins to itself or 2 qr more can be joined where
long lengths are needed.

BBC — DC MOTOR
CONTROLLER

FISCHERTECHNIK MOTOR CONTROL SYSTEM FOR
THE BBC COMPUTER (BUILT) £46.55 (PE)

A high precision DC motor driver and BBC B computer
interface system. Supplied complete with applications soft-

BBC HEART RATE

BBC Heart Rate Monitor—
Ready Built £35.99
Practise relaxation or monitor fitness with this plug in heart
rate monitor. Connects directly to the BBC computer. Pro-
grams give continuous heart rate displays, bar charts,
graphs etc. Supplied with sensor, software & instructions—
ready to plug in and use.

ware ¢

Ready to run control system supplied complete with mains
lead, ribbon cable and user port connector, and terminal
posts and plugs for the motor connection. Also included are
the software cassette of 3 programs and instructions. The
software is easily transferable to disc.

Recommended motor is the Fischertechnik type 185 as
used in the u-£2 motor and gear set.

Motor (185) available separately £9.90.

fischerteciils
We offer a range of the superb Fischertechnik sets. These
cover robotics, electronics, electromechanics, motors and
gears, and basic construction.
Robotics kit build 11 different working models including a
robot arm, graphics board, sorting system etc. Note that not
all the models can be built at the same time. Simple to
assemble. Easily combined with all other Fischertechnik
kits. Top quality. Includes 2 motors, an electromagnet,
lamps, potentiometers, switches etc.
ROBOTICS Kit (554) PE
Construction/base kit (ut1)
Motors and Gears (ut2)
Use ut2 to motorise ut1
Electromechanics (ut3)
Electronics (utd)

BBC — ROBOTICS
INTERFACE

A READY TO USE INTERFACE for the BBC computer and
the Fischertechnik Computing and Robotics Kit (554).
Allows the BBC computer to operate all 11 of the standard
models which can be buiit from the Fischertechnik Robotics
kit.

The interface features forward — reverse and orvoff control
of four DC motors; onoff control output for driving an
electromagnet or simitar device; and eight switch inputs for
reading microswitches or other binary inputs.

Two independent anaiogue input channels are provided for
position sensing.

Supplied complete with connectors and leads the interface
requires a power source of 9-12 volts at 1A.

Detailed programming information is supplied with the inter-
face. A software disc with a comprehensive set of programs
is also included.

FISCHERTECHNIK ROBOTICS — BBC COMPUTER
INTERFACE (BUILT) (PE) £69.95

£64.99
£37.50
£42.70

£73.20
£93.90

CATALOGUE

Brief details of each kit, book contents, and itiustrations and
descriptions of our range of tools and components are all
included.

Robotics and Computing section included.

Our advert shows just a selection of our products.

Up to date price list enclosed. Official orders welcome.
Catalogue & Price List — Send £1 in stamps etc or add £1
to your order.

Price fist only 9x4 SAE.

Catalogue free to schools/colleges requested on official
letterhead.

HOW TO ORDER

MAGENTA ELECTRONICS LTD.
PES5, 135 HUNTER ST,
BURTON-ON-TRENT

STAFFS, DE14 2ST.

MAIL ORDER ONLY.

0283 65435, Mon-Fri 9-5.

ADD 60P P&P TO ALL ORDERS.

PRICES INCLUDE VAT.

SAE ALL ENQUIRIES.

OF¢ICIAL ORDERS WELCOME.

OUR PRICES INCLUDE VAT
Access/Barclaycard (Visa) by f
phone or post. [
24 hr Answerphone for credit card orders.

QVERSEAS: Payment must be sterlin:
IRISH REPUBLIC and BFPO: UK PRICES.
EUROPE: UK PRICES plus 10%.
ELSEWHERE: wnte for quote.

VISA
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This month’s front
cover picture shows a
fibre optic cable cluster,
capable of carrying
1000’s of signals.
Photograph by The
Science Photo Library.
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FIBRE OPTIC AUDIO LINK by R. A. Penfold 10 HARDWARE RESTART by R. Macfarlane 28

Audio transmission system employing fibre optic
light guide

AMSTRAD I/0 by Richard Sargent 20
Allows up to 24 1/0 lines to be controlled from any
user port address

Provides a Spectrum reset facility without loss of
memory contents
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applications
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EDITORIAL 7
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AY-38910 390|LM733 65| e Raao S ED [ ) s00| BT 350 (Z80AS10-2 £9 7431  65|7a286 90|LS73  28[/5234 9994031 1254515 115 -
AY-3-8312  430| LM1871 300 [TOAD0 ' 350|ooak omam  asgjeresy 20 7492  55[74290 85|LS74  28|IS295 1130|4032  65|4516 50
AY-5-1317A 630|LM1889 400 |TCA280A 2203242 s BTN 90 51078 907493 5074293 85|LS75 38115297 850(4033 13014517 275
AY-53500 650|LM2907 395 |TCA340 175 3595 75 | 93s4ap 550 NS00 oo 2 g|7ass  90|74207 16s5|LS76  28|LS298 1004034 1454518 50 @
AY-58100 650 LM3900 as|TCass0  200{9927 155 | 9602 220{799%9 d0|7ally 149|745  e5|7a208 1se|LS78  34|LS2%5 ZX0)4035  70]4519 35 ’
CA3011 130 LM3909 85 | TCA95 180| eny R 200 AMZELS31C 1251, 003 20|78121 130|746 72(74351 175|LS83 65{LS320 21014036 2504520 50
CA3012 175(LM3911 175 [TDA1008 310 0 AM26LSTA 125 |, o) 40|7150 1715|7497 17074365  e8|LS8s 70 LS322 36014037  115(4521 10 , @
CAta  275|LM3914 265 |TDATOI0  220[ %4162 299|aM261533 150|950 30|7ay 1sg|74100 195|7a366  e8[LSES 35 15325 3M|a0as  7sias22 125
CA3018 86|LM3915 265 [TDA1022 4004532 AM7910 £20 74104 68/74357 68|LS90 40 4033 2704526 70| |
TDA1024  110[4816-100ns  100{ Ay.3-1015 300 | 74508 a0|75154 125 15325 150
CA3019 90{LM3916 300 3 74105 68)74368 65[LS91  86[;2358 2004040 454527 6| @
TDA1034  350|4864-15 200| Ay.5.10 300 | 74509 40 (75158 150|74105 40 5
CA3020 210[LM13600 110 5-1013 00 74376. 117[LS92  50|1S377 1290|4041 55 | 4528 45
TDA1054  110|6116-150 150 AY-5-135 388 (74510 40 |75159 140174109 60 f
CA3023 210|LS7220 295 1pAtd30  350|e116L.120 I |AY-1350 e =0 78160 350 74330 100|LS93  45(1S347 1120|4042 454529 80
CA3028A  110|M51513L  230|7DA2002  325|ai17100n . 575| Ao 750);4615 S0 Teie, 3eal74110 35174393 103|LSe5  S8|1S34R  140(4043 45|45 2| @
CAN35  255|M51515L 320 |TDA2003  190|ciera " 99| CD4720 150 | o0 e aoolsal q3a|74425 'eolSs6  solisI2 11Sja044  soldss 120 |
CA3036 270\ Ms1s16L 430 (TDA2004  230|gyey 795/comsoty 275|172 e oolTans lao|7a26  65|LS107  40{LS33  85idods 11014532 65
CA3043  275mp3712 200 006 320 8264L-15 400/ Dpig131 275 |74530 60 74430 89|LS109  45|LS365 220/s0d6  60[a534 aes | | o
CA3045 365 63A03 £10 74522 60 (75183 10574118 100 L5356 200
MB3756 440 |TDA2020 320 DP8303 450 74119 150 LS112 40 4047 50(4536 250
CA3046 65 TDA2030  190] 65C02 850 | DPg304BN 350 74530 50 |75188/9 100 m 3 LS363 140
CA30s9 325 MC1204 230/, 6502 CPU 325 74532 5075322 140|74120 90 LST13 38,0364  150[3048 5014538 700
Chaoos  218|MC1301  110|TDBOZSL - a2G) ses|DS3847 800 |0 ol75325 16374121  48(C2a4  195|LS114 36| 53es 4049 254539 20|l @
CA3080E 65| MC1310P 135 |T-003CE o) 545 DS3691N 350174537 20|73 1ap(74122 50|c245 195(L5122  55|ic3eq  4p|4050 254541 95
CA3081 190| MC1458 35 | 1 084CN 95 6520 0 11017 Sdo 40(75361 150{74123  73C373  220/15123  60|is367 42 4051 504543 65
CA3085 160( MC1469 300 |1 971CP 40 go22A A 1404, 61 40 €374 220[LS124  120([S368 424052 504544 1| | @
CA3086 60 MC1488 70 | TLo72CP 60 A DSgs31 1257 264 b Co22 400|LS125  37(LS373 804053 604549 390 | |
CA3030AQ  250|mMC1ass 70 |Tlovacn 110|222 Vi 340| ps8a32 150174308 a0 C923 s525|LS126  37|LS3za  go[4054 7014553 210
CA3123  165/MC1494 695 [TLOSICP J|6530 RRIOT  £11/pssais120 30075258 ol Co2s s9s|LS132 52[LS375 654055 7014554 180 |
CA3130 85(\vc1as5  300(|TLos2cP 50|32 RIOT - 650 £9364 800 (7,255 20 o 19133  44|LSI77 100[4056  BS[45SS 20
CA3140 40imcra0eL  70|TL0B3CP  75|6345CRTC  899gges £28 74300 o 74 HC (et oI S - I
AL 05| Mctsos  z25TLOBACE 100 6551 ACIA 6501 FD1691 £15 (743112 150 7HCO0  @[LS136 35 |LS378 127 o fioohe afet
CA3162  sa0| MC3302 75 |TLO9ICP 50/ &85 229 Fp17m1 £15(745113 120 uic (15138 a8 |LS350 g}g 2061  £5/|4859 340
CA3189 260| MC3401 =) Uiy D s oe £22 (745114 120 MHCH  55|LS139 48| 3334 457(4062 9954560 110
CA3240E  100| MC3403 SIITAS7A TUEs FD1793 £23 1745124 300 JMHC08  M|LS145  90[ S35 3904063  BO[aser 104
HA1366 75| MC3404 85 11200 1o 68{()}3E 670 ED1;95 ga 745132 90 74HC10 30{LS147  130{1S386 50 {4066 25 | 4562 350
HA1388  235|MC3405 150 |\ass0  120| oo S80I 2B l7anss 50 74HC20  30|LS148  115[Ls3g0 604067 2304566 160 ®
ICL7106  675|MC3423P  80|a78sa0 225 or0 IEOihbacoD Ao (IS o9 MHCZ  ®|LS151 55[LS3s3 484068 20p4568 250
ICL7107 975| MC4016 295 )AA170 80| 68402 345 HDAS1 5 ol n JaHC24  55/LS163  65|LS395 100 4069 204569 17
ICL7611 95| MF10 300 | yan180 18| 6820 150| HDESOL 229 v 170 74HCA2 65| LS154 120{LS3%6 300 (3070 2514572 45
ICL7660  250| MFC6040  75|j1N2003 75| 68B21 220 55745139 7o Lthrerae = I EA S EE TGS T S (2 255
ICLB03BCC 300 ML924 275 | )IN2004 72| 6821 150/ |MB402 380 745140 75 7 [S399 1154072 2014581 125 ~
1CL8217 225| NEB15 278 |ULN2004 781 ok 2oo|iNssosoN 1250745151 140 74HCIA 60 204282 &
ICM7217A  £11| NE629 225|)IN2803 190 6843 aoo| Mc1488 701748153 140 74HC86 S0 254583 00| |
|CM7224 . 785/ NES31 120 0 800| mc1ass 70 |745157 200 HCI0T @0 650|458 0| |
ICM7240 300 NE543 725i| URCSSONER2 23 MC14411 675745158 190 74HCI09 S0 25| as85
\CNiyees B N T70|UpCers, 275 68dssp 750 MC14412 725745162 300 1HCIN & 25 [a599 155 @
ICMY256 10| NESSS 25(URCIOZH 375 684 625 | MC3242 590 745163 300 JAHCIE3 60 20| 40097 s
LA3350 250|NESseDB 48 |UpCl1seH 235|684 650 MC3446 250 745168 300 J4HCIED 35 20|s0008 42
LA4031P  340| NESS58 10|k ey B 120{ MC3447P 315 [745169 300 4HCIE) 80 §0/40100 215
LA4032 295 | NESGO 30{UPCIIEZ 425|652 250 MC3486 225745174 250 74HCI6s 80 60l40101 130
Wion 350 NES6a azo |18 195| easd 625 MC3487 225745175 300 TAHCIES &S 120140102 140
[Ad422 320|NESesa 115 |5n2200 365 | 6aB54 750| MK3886-2M  £7 745181 £11 MHCIT3 %0 25{a0103 412
LC7120 300/ NES68 140 | XR2207 200 68000 £20| MM5280D 695745182 250 T4HCITA 90, 70l40104 120
LC7130 Joo| NES67 130 | P21 57518017 275| MM5303 635(745188 180 70l40108 220 ®
Le137 350! NEST0 370 | XR2216 675 5035 350 MM5307 1275745189 225 10040106 40
LF347 120{ NEB71 370SR2266 380 8050A 425 | MM5387A 865745134 280 LS00 22 260(40107 55
LFa51 70| NESs32 150/ ZN408 80| B0s5A 950 | MM58174 875745195 275 Lsot 22 70(40108 326
LF383 75| NEB534 105 | ZNA14 ,50| so8s 995|RO-3-2513L 700745196 350 LS02 22 75{40109 100 ®
LF355 20| OM335 650 |ZNAZ3E 130| 81595 75|R0-3-2513U 650 745197 300 1503 22 95040110 235
LF356 20| RC4136D S5 [ZNa2de 1301811596 175 | SAA5050 875 745201 250 LS04 22 39 la0114 240
LFasy 100| RC4558 a0 |ZNdzSES  350]a1l 9798 175|SFF96364E 800 (745225 500 Lsos 22 99[a0161 194
LF398 195|SAB320s  azs |SNA2EES 30018123 160|SPO256AL2 475 (745226 500 LSo8 25 99{a0163 75
LMi0 325|SAB3271  aBs [ZN47ES 600 13 475{TCM3101)  £13[745240 375 LSos 22 99)40173 100
M301A 30|3aBazs  295|2N428E 45018150 800(TMS2716-3  725(74S241 375 Ls10 22 10540174 75
LM307 35|Sad0e. 295 |ZNAZES  230]8154 750 TMS4047 100 (745244 475 s 22 105[a0175 75 M
LM308 72| 2a%0 300|2Nd59 . 245815 400|TMS4164-15 200745251 225 1s12 22 850140181 220l A
LM311 22| 3924 39 |ZN1034E 200 3156 400{TM54416-2 336 1745257 225 1S13 30 850 |40192 75
LM318 139 316270 T30 |ZNI0AE 6655202 €25|TMS4500A  £12745258 225 LS1a 50 72540193 90
LM319 180|SN76003 350 G 220{TMS4532-3  35074SA0 70 Lsis 22 750(40194 90
LM324 2ol SNJeo1a 150 | JUST PHONE 8214 395| TMS6011 500 | 745262 £10 L5139 45 80540195 80
M32%2  125|SN7613:  135| YOUR ORDER, |8216 150| TMS9914 895 [745274 00 1s20 22 59040244 195
MIsZ  130| SN78227 i WE DO 8224 £3|TMS9927 £14 1745275 00 Ls21 22 280(40245 195
M3y JoolaNreasy  3gg| THEREST [82%6 £3| TMS9928 £10|745280 007450  25(74195 63|LS22 22 770(40257 198 (4|
LM239 a0|Sh7eass  s25| py R |28 310{ TMS9929 £10745281 007451  30(74196 120[1S24 50 770140373 220 :
LM348 60| SN76489 400 8243 290 ULN2003 751745283 007453 25(74197 851526 22 850 |40374 220 at
=
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SPEAKERS
80, 03W, 2°; 225, 257, s Py ELECTRO.{?T?S 135 x"OLT%goE PEsEn?éajsli‘,ﬁTORs DIL SOCKETS Tmed
0-3(\9/, 2:5" 403; 6402 or 0-125" :||:7D4 ol': sV '7"8\6% asp 7_9\335 50p % plr-gf?lie v“v/riz:: pl;g;li‘lfe SPECTRU M
g 80P _| 711209 Red 100 (474  330b {12V 7812  4sp 7908  Ssp | Bpin  #p 200 18p
Wb onEs ToTas TIL211 Green 14p 1191 Jop | 18V 7815 4sp 7912 55 |1 o i iﬁ: 230) 32 UPG RADE
e o |Powmens (miZzew g QR R lEv me G ome s (len dmogp g
| A1z 10 | (plastic case) | 02 TiLie 708 100mA 1092 Plastic Casing s S e Up'?ra_de your 16K Spectrum to full
BAI0D 10 |TAI00V 20 | Tiass ped ap Twie  70p | gy JE03 Jop M5 Soe 2on 25 csp s | 48Kwith our RAM Upgrade Kit. Very
BY100 15 |1a400v 25 in BPX26  150p | gv 78L82 - Spin  28p 78p 52p i i itti i i
BY126 12 |1A0OV 30 ;{L‘fﬁﬁ.;i{:f Sso BPXG5 320p |13V 71z  30n 7912 op |4Opim 30p 85p 35 Jsimpls to fit. Fitting instructions
BY127 10 |2A/50V 26 | i colour RIG 100p BPW21  280p |15v 7815  30p 7915  50p supplied. ONLY £18
CRO33 198 |2A/200V 40 |Bi colour G/Y 1o0p TIL8 82p 2ZIF SOCKET
| 0as g ey T T solour RGIY e gcery 120 licres 208 sk 250 TRk Son IDC CONNECTORS (Speed block type)
1 oa70 9 |6A00V 83 | pigri 2N5777  50p 28 way 650p
[ 8%? :8 gﬁ//ggx 13-'5» ﬂigiigﬂi %ﬁi& 1323 ‘;i”‘:‘g_od ;gg: 33316/11—,%’5’“ T tM%%%'r‘ ?‘7’2 40 way 800p Cdct?\ ?g:ac'ﬁ f«eer::e'er E:?:IE%ge
n Diode +! A
0A85 10 | 1042200V 215 Eiiiiﬁgf'sﬁﬁkm 3% Smith Rlec. 700B | 7601 2225V to - TaAcass e DIL PLUGS {Headors) 2% ;-l:s' R o b
0A90 8 | 10A/600V 298 | gad Green Yallow 18p 24V 5A 785 RC4194 375 Pins Solder  IDC 10 way 65p 65p 65p 110p
ons1 8 | 254200V 280 | Triangular A & G o LM309K 120 RC41% 160 1 o 71 16 way 75p 750 80p 185p
8% 3 [avie B |mmes UT VIBEASNs ey e et s |6 g e | gdy G G S G
emit p | 3l2dign 495 28 R oo s d
O 21 zewems |m2omi 52 | Scigr 625 SWITCHES @ 300p 3o Pway  Vi5p 13p 135 3208
1N916 5 |Range: 2v7to | Thoa ector) 1008 SLIDE 250V TOGGLE 2A 250V 50 way Tese o o
Ngoo12 8 etector) P 1A DPDT 14 SPST 35 | RIBBON CABLE 4 (4 B 4
39VA00mW |58 oPTO : 60 wa 195p 210p 225 435,
o 8 & each | TIL38 (emil 50p 1A DPDT C/OFF 15 DPDT as {price per foot) / B 2 4 B
‘ s oM oo o 17'||:¢)1£:"(Id;:30i;)nhv 90p nggﬁ:z Y2ADPon/on/on 40 4 pole on off 54 %avs ?gov Colour SPECIAL OFFER
{ IN40067 7 133y 13w DL704 -3 C.An 120p | TiL139 225 B Sop
}xglg? 1; 15p each [ D707 -3 ¢.Cth 120: Siotted similar gug':' Blg;':":gjn SUB-MIN ;g ggz 33:: 2764 — 2 s 10+
INS404 14 | VARICAPS FND357 or 500 100p | 1o RS 186 | R TOGGLE 2 amp % a0p 65p — 250ns 194p 185p
INS406 15 | gpross a0 |Tiass o Com oy Homentary 64 SPTonen ™ fa| B o go8 g:éﬁr—’- zgggs ?ggp ?ggp
5" C.Ctl p on o 60 3 ns
185408 13 [88106 40 |3 Green CAn 1aop L ATUMIBOXES S| DEDIRCTREaR <200 serife/ofi 85 | o 500 125 6264LP — 150ns 3958 3858
15921 9 | TRIACS g;;,;:,‘;dgs‘i;e" 1365 | ax23ax212103 Ry =5t I
AN 34700V 48 | Bargroph NSM3514_300p feRalzEnzo MINIATURE DPDT C/OFF 88 | pie o e Ol o 3y EANSFORMERS
3A/400 56 on Locking DPDT on/onfon 185 -3V, 6-0-6V; 9-0-9V; 12-0-12V; 15-0-15V @100MA ... 1
BA/BOOV 65 (34000 g5 | FERRIC CHLORIDE 5"2%”‘1:” 20 [Pushto make 15p DPDT Biased 145 e R R TP (0 mounting; miniature; Spiit bobbin. o e
gf//lggv gg Cosis I g:g"?‘(/gﬂmgg :lg#:é?k(l\d' 25F'M4* ole Z-rwav) 220 | mALE VA:  2x6V D-25A;  2X9V /0-15A;  2x 12V /G-12A;
’ 150p + 50p p&p XS : {Adjustable Stop Type| Soider §5p 80p 120p 150p |2XISVM2A. ... .. . b 2059
SCR's 8A/BO0V 115 5x4x2 /2" 120 |4 poles2 1o 12 way, 2p/2 10 6 way, 3 pole/ % D o 2 y i 4 £ Sioonne
Thyristors :%A%& gg |EALO ETCH RESIST 2:3:5 :gg Ztodway.dpolg/Z to 3 way " 48p }5\32:? :Il:l)g: :(7)::; fég: :ngg: g‘)I(AISV /&2);\6\/ e a4 s I 0'%;
0:8A-100V 32 en plus spare tip 100p TxEx 3 180 ! y Stardor e D - ¢ -l
sasoov. 38 | 12000V 132 1COPPER CLAD BOARDS | Bxéx3' 210 |ROVARY: Mains 250VAC 4 Amp _ 68p | FEMALE A IXEV DA 2XSV AR 212V I03A:
SMA00V. 80 | 2400V 105 |Fibre  single double | 10x4V4x3" 240 | pip swiTCHES: (SPST) 4 way 65p; Solder  90p 125p 180p 275p | w6y H2SA . . g X0p
SNBO0Y 88 |leamoov 220 |Glass  sided  sided 10X73"" 275 | 6 way 80p; 8 way 88p: 10 way 100p: aagie S15Up 200p 200p 3200 | 1avA: 2xavs /1A3; 2XV AG; 212V A0AS; 2XI15V AAd,
600V 95 |25M400V 185 g,,:?"T }';g: ;gg: }g:g:; 260 | (sPDT) 4 way 190p. o TERs 75" 70" 70" 85" 2XAN A3, 3450 (35p p&p)
800V 295 p 70p " P [2avA:  2x6V N1 XV /1A2; A;
}%mgg& ;g 26A/1000V vimo BOARDS 0-1" 5IP é)a(d 395p | AMPHENOL CONNECTORS 1DC 25 way Pig. 385p, Skt. 450p 20V DA .2 9. ,....Az' . aéféﬁ‘,f pg;')
Bhiaosl i 486 (3lk% 1 46p (Veérs Strip LLT 0C  Solder 50VA: 2XEV A, 2X9V 2A5; 2X12V 2A; 2X15V /1AS;
81106 150 {30AVA00V 525 (21p x 34 95p [PROTO DECs 24 way IEEE plu 465p  460p EDGE CONNECTORS | 220V /1A2; 2X25V /IA; 2X30V A8 ....... 1650 p&p)
4 . 1 156" "
BT116 180 L 800D 125 |22 x § 10p |[Veroblock 480p 24 way IEEE socket 485 480p Beleway 75p S0VA muitirail: +SV/5A, +12V,+ 25V,—5V,— 1V @ 1A 620p
C106D 38 | cOLDERCON 334 x 334 110p |S-Dec 350p | 36 way Centronics plu 395p 390p 12 way  — 160p 65p p&p!
TIC44 24 BiNS 3% x 5 125p |Eurobreadboard 580p | 36 way Centronics socket 480p  450p SIL 2x15 way 165p | W00VA: 2X12V AA; 2X 15V /3A; 2X2V /2A5; 2X25V 12A;
TIC45 29 334 x 17 420p |Bimboard Sz Sockets| 2X18way  175p  160p | 230V /1A5; 2X50V 1A e ..985p (75p p&p)
TICa7 35 |100 45p (4% x 17 590p |Superstrip ASTEC UHF MODULATORS 0.1 2x22 way  200p  170p | (o5 pag charge to be added over & above our nomnal postal charge)
VQ Board 195 1350p 2x23 150p - p&p charg po: ge)
Nesas 13 P20 vgng‘zvmmc [VERO PINS per 100 M e, A | By | pmww o s
per z Wideban P P 2x%28 184 -
VERO TOOLS |pEN + Spool  380p Single Ended  55p 32 way 2X30 way zaSS — pUIPERILEADS
Spot face Spare Spool 750 |pouble Ended  60p ANTEX Soldering Irons 95p 2x36way  300p — IDC FEMALE RECEPTACLE Jumper Leads 36
| pac Bimimsertion_” |Pon 3 spoot + 7 Wire Wrape SE158p |15y 600p C517W 620p e 1 end o m mw w
i o =
sT2 25 |tool 185p | Combs 599y |WVire Wrape D/E255p [ <opyy 620p XS25W 650p 75 by R 500 e 2 ends 220p 3mg 40p w59
BT TELEPHONE CRYSTALS
COMPUTER CORNER e cRysTats | BBC PLUS MICROCOMPUTER
. LJU 1/4A Mini Line Master 100KHz 400
© CENTRONICS (NLQ)Printer...........................£99 LU VA Mini Line Exension 295p | 20kM: 370 | SPECIALOFFERTHISMONTH ... ONLY £365
INCSoyT 455KHz 370 1 We stock the full range of BBC Micro peripherals, Hard-
. LJU 2/6A Line Extension 250p range 3 periphe 7
® EPSONLXS80 Printer NLQ.. Al T ot 2108 e g;g ware & Software like, Disc Drives (Top quality Cumana &
Hu Ty xtension 40p | ooMHz 450 Mitsubishi), Diskettes, Printers, Printer Paper, Interface
al Splitter 550p M
® EPSONFXBOPrinter . £265 | 4 WAY BT plug 65p | 1'5MHz 420 | Cable, Dust Covers, Cassette Recorder & Cassettes, Mon-
""""""""" :;gmi :2: itors, Connectors (Ready made Cables, Plugs & Sockets),
X DISC ALBUMS ) Plotter (Graphic Tablet) EPROM Programmer, Lightpen
©® EPSONFX100P £429 1-8432M 200 4 : p g ghtp:
TR1L U NS Attractively finished in beige | 20MHz 225 | Kit, Joysticks, Sideways ROM Board, EPROM Eraser,
leather-vinyl, these conveniently ;gﬁ}g:ﬂ igg Machinecode ROM, The highly sophisticated Watford's
©® KAGATAXANKPS810Printer ...................... £199 | store up to 20 discs. Each disc | 2ae250M 220 | 16K BEEB DFS, WORDWISE, BEEBCALC, Software (Edu-
can easily be seen through the | 327eM 150 | cational Application & Games), BOOKS, etc. etc. Please
® KAGA/TAXANKP910 Printer £335 | clear view pockets. ggmM 33: send SAE for our descriptive leaflet.
/ONLY £4.25 40MHz 140
) ’ 4032MHz 290
©® BROTHERHR15 Daisywheel Printer............... £315 5V4" Disc Drive 4194304M 150 e
HEAD CLEANING KIT sy g 5%" DISC DRIVES CASED
® Centronics PRINTER CABLE for all the above aoMi. 200 WITH POWER SUPPLY & CABLE
printersto interface with the BBC Micro................ £7 £7.50 50MHz 150
5185MHz 300
_ | s2428M 390 | @ CS100 — TEC Single sided 40 track 100K 5V4”
® KAGA KX1201G Hi-RES, Green Monitor. ~ £90 BBC MICRO SOMHz 140 Single Disc D6, £89
WORD PROCESSING BE R o GO TN T
A . 66636MHz 200
® ZENITH 12" Hi-RES, Green Monitor 40/80 PACKAGE 7-0MHz 150 i
column select switch, value for money. £70 7-168MHz 175 1 qs,,zoo P Epson.Double sided 40 track 200K
ALl Vord e Z’S‘m'" 200 54" Single DiScDrVe ...........cccovveeeeeeaeeannnn, £86
. ) - : 140
® MICROVITEC 14" colour monitor. RGB input. Lead | . . 8-083ng 395 e
nall £179 | ing package.(vwhlch can be | gggomm 175 | @ CS400S — MITSUBISHI Single 400K, Double
heavily modified to your re- | 80MHz 200 sided 40/80 track switchable ... .£99
! . . . ] A 9375MHz 350
® MICROVITEC 1451 Hi-res 14" Monitor incl. | Quirements, maintaining | oMz 170 .
Lead £229 |large discount). We supply | 105MH: 250 @ CDA400 — EPSON Double sided 40 track 400K
everything you need to get }8:;2",\;‘;1 1 5Ya" TWIN Disc Drives............ccoeveeveeeennn... £140
® KAGA Hl 12" Hi-RES, RGB Colour Monitor £255 a BBC Micro running as a 120MHz 175
g Bl 9 | 1252800 BOOl@® CD800S — MITSUBISHI Dual 800K, Double
® KAGA Il 12° ULTRA Hi-RES, RGB Colour Y"of' 'p'gcessm - Please call 1eTasem 17 sided 40/80 track switchable ... £179
. g 1z
Monitor £310 | in for a demonstration. o 260 g -5 i s )
OMHz 200 anual (comprehensive) ..... £7 (NOVAT)
| ® TEX EPROM ERASER. Erases up to 32 ICs in | EXample Package: M 150
16-30 min. £30 | BBC Micro, with DFS Inter- | 1osseMi: 150 | @ DISCINTERFACEKITforBEBC................ £56
face, Wordwise, Twin 400K | 2aomH: 150
, : : 24930MHz 32 ; : .
® Spare ‘UV lamp bulbs £8 EPSON Disc Drives, 12" | 23gemz 325| @ TWIN Disc Drive CASE with Power Supply to
e High-res green monitor, | 25670MH: 325 house yourown Drives.................cocovevo... £38
' Fan fold paper (1000 sheets) £7 | Brother HR15 Daisywheel | Z7-1M = 190 4 . .
iinter = BeeBodle =8 Dl s 8900 N.B. All single drives with power supply with be
XIVANY MORE PRINTERS, MONITORS, INTERFACES, et s’oftwar Disc. 10 | &% 175 supplied in a twin Case for later inclusion of a
AILABLE. CALL IN AT OUR SHOP FOR DEMON- . e on bisc, ooz 400 | second Drive.
STRATION OR WRITE Ir\’J:LE?R OUR DESCRIPTIVE | 3M Discs, 500 sheets of pa- | 1jeomu: 300
LEAFLET. per, 4 way mains trailing | '*®" 225 | (Carriage on disc drives £7 Securicor)
(P&P on some of the above items is extra) Soopl SmERLUaElS g ) » i
Cgll in at our shop for demonstration of any of the f)ablles.fggg FORD ELECTRONICS
above items. Be satisfied before you buy. niy:
‘ Tel. (0923) 40588 Telex. 8956095
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SUPER HY-LIGHT STROBE KIT

Designed for Disco, theatrical uses, etc.

VARIABLE VOLTAGE TRANSFORMERS Superior Quality Precision Made

INPUT 230, 240V a.c. 50/60 OUTPUT 0-260V. NEW POWER RHEO STATS

Approx. 16 joules. Adjustable speed. Price £45 + £2 p&p (Total
inc.pVAT £54.05; Case and reflector price £17 + £2 p&p (total 28%%;2%2",““ Sggg N\ y 3 Heavy duty brush assembly continuously rated.
ir;c, VAT £21.95); Focé!scabp SKAE for further details including Hy- oV RA S e ) 50 ﬁ‘wgr 5”0,2%;00)/300” 150 £4.25 + 30p
Light and Industrial Strobe Kits. 2KVA 10A Max 245'00 : p .23 inc. VAT).
1 1 . 50 WATT 2500 £6.50 + 50p p&p (£8.05 inc. VAT).
ULTRA VIOLET BLACK LIGHT e oy 700 WATT 100/250/500/1k(Y/1 5k(Y/3.5kQ2 £10.26 + 75p p&p (E12.65
FLUORESCENT TUBES OKVA 208 Max. £15. inc. VAT)
i 0KV A £130.00 Y. Black Sitver Skirted Knob calibrated in Nos 1-9, 112in. dia. brass bush.
4ft 40 watt £10.44 (£1200 inc. VAT) 15KVA 75A Max. £285.00 I e 2 o
21 20 vt 14 + 125 pgp((gss's inc. \)/:TT,) ‘@ All V.V.Ts plus carriage and VAT eal for above m‘a'ﬁ“ ;UE;TE e
18in. 15 watt £5.00 + 75p p&p {£6.61 inc. A 2 [
B o A% + 1o ba (o inc. VAT) 3-PHASE VARIABLE VOLTAGE TRANSFORMERS (- Q\ L JINENILONED TRATERS N
12in. 8 watt £360 + 50p p&p (871 inc. VAT) Dual input 200-240V or 380-415V. Star connected Fa abiaNeTiE h. fioid X t 4
Sin 6 watt £200 + 50p p&p (£4.02 inc. VAT) 3KVA, 6KVA, 10KVA, available. Phone for details. g z:iu':gh es;;; Lena?n OWEMHW%’ eﬁnag?g;pgfb
6in. 4 watt £300 + 50p p&p (EAR inc. VAT) Comprehensive range of TRANSFORMERS LT. ISOLATION & AUTO 4 . 4 % o
23‘3V A: Ballast Kit fgrpeilpher 6in, 9in or 12in tubes £5.50 p&p 55p (110-240V). Either cased with American socket and mains lead or \5/%0%1 %)000\"/";3 OhQ"S':gsfs‘a?ptgz((ﬁ:“sg?s ::g} :
{€6.96 inc. VAT). : open frame type available for immediate delivery. Leaflet on request. i — VAT) SAE for leaflet, L
175 WATT SELF-BALLASTED BLACK LIGHT MERCURY BULBS. SPECIAL OFFER: Brand new Safety lsolation Transtormers. =
Available for either B.C. or E.S. fitting, price £11.80 + p&p £1.25 Primary 0-104-110-120V. 0-104-110-120V. Secondary 0-104-110- GEARED MOTORS I
{tota! inc. VAT £15). 120V, 0-104110-120V. 3KVA @ £60.00. 4kVA with 0-110V, 5 rpm 240V AC M. by Carter, £6.06 £1 p&p (EB.11 inc. VAT). NM.S. ) I
400W UV LAMP & BALLAST complete — £53.80 + p&p £3.50 Secondary only @ £80.00 + Cammage and VAT. ‘Phone for further vu;x??z;:))’ :‘ijsnchronous: torque approx. B0Ib/in. £20.00 + £4 p&p {Total inc.
{£69.50 incl. VAT). details. . NM.S. ) !
LAM ty, | & 50 {£31.63 incl. VAT). T Maa TRANSFORMER 240V operation, £9.15 + £2.00 p&p (Total inc. VAT £12.82).
%v;(;JTVEmHZ;:;T:Z S0 (RN u ) 12V D.C. BILGE PUMPS 3 28 rpm Torque 20ib.in. reversible 1/80th h.p. 110V AC. Price: £9.50 + p&p £1.80
v ;. i 400 G.P.H. 15ft. head, 3amp, £8.00 + £1.00 p&p (Totat inc. VAT £12.99).
h;m?lr?r%:?'zgam:s-w&"—D?I;Srsprs:ogvex SD(r:_;E:;\a,rEd (£10.35 inc. VAT). Suitable TRANSFORMER for 230-240V AC operation. Price: £520 + p&p £1.40

amazing power; no load current; only 10 ma. approx. Size: 4 X ;&op?gr%’m r\‘;’ad' 3.5amp, £11.50 + £1.50

i AT).
212 cm. Ex-equipment, tested and guaranteed. ONLY £4.50 + 790 G.P.H. 15ft. head, 9am,

i L.P.H. 2 , p, £15.00. + £1.75
50p p&p (total inc. VAT £5.75). p&p (£19.26 inc. VAT).

{Total inc. VAT £7.59), N.MS.

38.3 rpm GEARED MOTOR. Torque 35ib.in. reversible 115V AC inc. start capacity.
Price: £11.55 + £2.00 p&p (Total inc. VAT £15.58). NMS.

Suitable TRANSFORMER for 230V AC operation. Price: £5.20 + 50p p&p (£6.56 inc. |
VAT).

SOLID STATE RELAY &
Sigle make will switch up to 250V A.C. 10 amps. Recommended EPROM ERASURE KIT 1007 rpm 651b in reversible 115 volt AC price £30.00 p&p £4.50 {Total inc. VAT
o_?erflmg lvollt’age 8-2§V_ D-IC»K ZU(SW'IQH ;{:;k -‘*“J ‘:s‘zim?ft E{f;ic Why waste money? Build your own EPROM ERASU'RE for a fraction of £3968), |
silent, contactiess, opto isolated. Suitable for us 7L L' the price of de- it. Complete kit of parts less case t 0 ;
for switching mains voltage. Mfr. by Teiedyne. Offered at fraction of ing,fé'ﬁ{ ga,,:';?( 25‘;?; Z’:‘gﬂ_%ugz ;al;ast upr;ai(lspair of bi?piz Suitable TRANSFORMER for above £10 p&p £1.50 (£1322 inc. VAT).
'r'w".'(s:n%"cgw?rog "é;f’p p&p (total inc. VAT £3.97). leads, Neon indicator, safety microswitch, on/off switch and 57 rpm 240V 1/22 h.p. continuously rated REVERSIBLE 50ib.in.
Hi circuit. manuf. by Wynstruments. New. Ideal for garage doors, curtains !

Type 1. Heavy duty 10A c/o contacts. Type 2. V3 c/o contacts. Type LESS CASE: Price £13.60 + 75p p&p (Total inc. VAT £16.50). \ ) . . . .
J.Y'éub-minialure /o contacts. All button type. Price £6.90 inc. VAT Waming: Tube used in this circuit is highly dangerous to the eyes. etc. O.NLY £1400 + £200 p&p lincl. VAT £i8.40), inclusive
for 10, any type. Post paid. N.M.S. Unit must be fitted in suitable case. P
VORTEX BLOWER & SUCTION UNIT . 71 rpm Torque 10ib.in. reversible 1/70th h.p. 110V AC motor. Price: £9.50 + £1.80
Powerful multi-stage dy d totally rotor; A.C. CAPACITOR p&p {Total inc. VAT £1289},
1722in. inlet and outlet. 110V AC. £22.00. Switchable transformer for 16 UF 900V. A.C. 50/60 Hz. Ideal power factor correction etc. Suitable TRANSFORMER for 230-240V AC operation. Price: £520 + p&p £1.40
240V AC £8.00 p&p £3.00 - total £37.95 inc. VAT. 9Vax6x4Y4 ins. Wt. 712 Kg. Price £12.00 + £3.00 p&p (Total inc. VAT {Total inc. VAT £759). N.M.S.
VBLA CENTRIFUGAL BLOWER £17.25). NM.S. 24V DC 200 rpm 10ib/in. Mf, by either Parvalux or Cater. Ex-equip. tested. £8.00 +
240V AC powerful 1/50 h.p. .23A motor. £18.00 + £2.00 p&p (Total £1.50 p&p (Total inc. VAT £10.93).
EE VATI %GOX’L ”él'\."oﬁ”m FROM STOCK AT PRICES 7307240V AC SYNCHRONOUS, 2 rpm, 6 rpm, B rev per day. Any type. £4.80 + S0p

NTRI THAT DEFY COMPETITION p&p {Total inc. VAT £6.10}. Other Revs. in stock.
(Sirr:::|"\|lx¥pL‘EBF6F28) 1706. 240V A.C. Aperture 45-40mm £6.50 p&p £1 AC S%M})EDS%%T&RS ﬁg-c*%&"gﬁ'gns CHECK METER

s N o DC TOR:! 1 200-240V A.C. S0amp, killy reconditioned. £7.50 + £1.75 p&p (Total inc. VAT
12/24V DC CENTRIFUGAL BLOWER v MICROSWITCHES STROBE KITS £1054). DRSS -
0.4A producing 30 cu.ft. £1.50 + £1.00 p&p — RELAYS FLASHTUBES
sotal inc. VAT £9.78. N.M.S. REED SWITCHES CONTACTORS SANGAMO WESTON TIME SWITCH
METER 90mm dia. &/300V A.C. M/C rect. £5.00 SOLENOIDS A.C. or D.C. SYNCHRONOUS Type S251 200250 A.C. 2 on/2 off every 24 hours, 20 amps contacts with override
p&p £1 inc. VAT £6.90. O LS PROGRAMME TIMERS MOTORS switch. Dimaeter 4"x3". Price £9.50 + £1.50 p&p (€12.65 inc. VAT & p&p). Also
COOLING or EXTRA R available with solar dia R&T. Other types available from stock.
Quiet smooth running. Size aYaxaYax112. W‘a"ﬂQEE/mgSEE "c\)IFVéEUNRogNBLl,J?slSES N.M.S. New Manufacturers’ Surplus
Supplied for 240V a.c. operatlon. Price £5.75 + R&T Reconditioned and tested
£1 p&p {Total inc. VAT £7.75) N.M.S. Goods normally despatched within 7 days.

Ample parking space |

SERVICE TRADING CO== =

Little N treet
Showroom open - 57 BRIDGMAN ROAD, CHISWICK, LDNDDN W4 5BB. Tel: 01-995 1560 ik Jﬁ e
Monday-Friday ACCOUNT CUSTGMERS MIN. ORDER-£10 Tel: 01-437 0576
SOLDERING RESISTORS — CARBON FILM 5% I
« & CIN i 4W 1RO to 10M (E12 Range) 2p each. 15p/10. 75p/100
) GAS R el G G e S
QQ‘ {state which) 6195 2W 10R to 2M2 (E6 Ranga) 8p each. 70p/10. 6.00/100
XS25 W Iron kit! complete
« v» with stee) & plug anacf‘uggn

CS 18W, as above 990

RESISTOR KITS ~ each value individually packed
p
1{4w pack 10 each value E12 — 10R t0 1M 610 pieces 5.75
AW 3.35

Ant pack 5 each value E12 — 10R to 1M 305 pieces

e faw pack 10 each vaiue E12 - 2R2 to 2M2 730 pieces 7,95
Antex 25W iron % /2W pack 5 each value E12 — 2R2 to 2M2 365 pieces 4.75
Antex slements 3 1W pack 5 each value E12 - 2R2 10 1M 363 pieces 15.00
Antex bits 0. 2W pack 5 each vatue E6 — 10R 10 2M2 317 pieces 18.50

Antex stands NI-CAD CHARGER SERVICE AIDS
Soldersucker

Spare nozzles lor Universal Ni-Cad charger. Switch Cleaner
Soldersucker 065 gh_arges PP3, AA. C.D. Circuit Freezer

|

Tice £5.99 Foam Cleanser
Rechargeable Batteries Aero Klene
AA {HP7 85p 10/75p each Plastic Seal
C IHP11) £1.75 10/£1.85 each ~Excel Palish
D {HP2) £2.05 10/£1.95 each  Antistat Spray

P3 £3.80 10/£3.70 each  Aero Duster
Dry Cell Batteries — Button type for  Super 40
Multimeters — set of 3 £1.50  Video Head Cleaner

Fire Extinguisher,

Silicone Grease Aero 1.
‘ Pewr Sihwce atos
it M| N B
ANSIST ngda ;\rﬂ‘op 8.15’:1% 0.74
OHS .7

RRE3REZRAESRS

Ditto 0.06mm 0.76
CHAR

RECORDER
SPECIAL

Brand new 3
channel pen
recorders
complete with
charts. Full spec.
upon request.
Once only price
£40 + £10 p&p
+ VAT.

TELEPHONE SPECIAL SPEC| ALOFFE »

BT App Telephone Plug + 3m
Lea £1.2

d - KIT
BT App Master Socket inc Wiring c ERAM lc
£2

instructions

BT App Secondary Socket £1g: (5 OFF 50 VOLT EACH VALUE 125)

4-way plug 50p each 10/£5.50 8
micoecanepmare 10 £13 50 (NORMALLY £4.75) %
SEND £1.00 FOR YOUR ’86 CATALOGUE [WITH :
INCLUDES 50P VOUCHER, PRE-PAID ENVELOPE, EFQIFEI}\ESIESA?)‘II)ESRS E}g AN
ORDER FORM, SPECIAL OFFERS — JUST CUT P

OUT THIS COUPON & SEND WITH YOUR £1.00 s by
iy ‘ ARCO TRADING (DEPT PE3)
The Maltings
ACATESS! L .« 37s $e b W4 k" T U p: . £ 4 | High Street Vv
............................................................................. } Wem, Shropshire SY4 5EN ISA
| Tel: 0939 32763 Telex: 35565 ACCESS

@

Y

D)
2
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for our FREE CATALOGUE
or ring: 01-567 8910 for
the keenest prices on —

TRANSFORMERS

CTMFCES CONNECTORS ?88538
il REGULATORS PCBs

_ MICROPROCESSORS

SCRs CRYSTALS

SPEAKERS

e SWITCHES

e HEATSINKS RELAYS
4 MULTIMETERS A
NTE NG 2 e 5
woERET i Ky, O
s0 ‘“0\‘ ! o

AND LOTS LOTS MORE
or choose from our
range of over 30 kits . . .

DISCO LIGHTING KITS

DL1000K — This value-for-money 4-
way chaser features bi-directional se-
quence and dimming. 1kW per
channel. £15.95

HOME LIGHTING KITS

These kits contain all necessary
components and full instructions and
are designed to replace standard
wall switch and control up to' 300w of

lighting. DLZ1000K — A lower cost uni-direc-

TDR300K gemote' Control tional version -of the above. Zero
immer £14.95 switching to r e rence. £8.

MK6  Transmiter for above £4.50 i sl R

Optional opto input allowing audio
‘beat’/light response (DLA/1) 70p
DL3000K — 3 channe! sound to light kit
features zero voltage switching, auto-
matic level control and built-in micro-

TD300K  Touchdimmer £7.75 -
TS300K  Touchswitch £7.75

TDEK Extension kit for 2-way
switching for TD300K £2.50

g\

phone. 1kW per channel. £12.95
]
e ROPRO OR
= L Designed
to control [to:m)
mﬁ 4 outputs
- independently
switching

on and off

at preset times over a 7-day cycle.
LED display of time and day, easily
programmed via 20-way keyboard.
ideal for central heating control (in-
cluding different switching times for
weekends). Battery back-up circuit.

DVM/ULTRA SENSITIVE
THERMOMETER KIT

Based on the ICL 7126 and a 3'%
digit liquid crystal display, this kit will
form the basis of a digital multimeter
(only a few additional resistors and

switches are required — details sup- grg:l;fr?]eés szct)t)i(ﬁgs.
plied), or a sensitive digital thermom- CT6000K £39.00

eter (50°C to +150°C) reading 0.1°C.
The kit has a sensitivity of 200mV for
a full-scale leading automatic polarity
and overload indication. Typical bat-

XK114. Relay Kit for
CT6000 includes PCB,
connectors and one relay.

tery life of 2 years (PP3). ~ £15.50 | Will accept up to 4 relays.
3A/240V c/o contacts £3.90
701115 Additional Relays £1.65
ELECTRONICS SEND 9"x6" S.A.E.

OR CALL AT SHOP
13 BOSTON RD MON-FRI 9.5pm

LONDON W7 3SJ SATURDAY 10-4pm

ORDERING INFORMATION:
ALL PRICES EXCLUDE VAT
FREE P&P on orders over £20 (UK or‘;zlg), otherwise add
75p + VAT. Overseas P&P: Europe £2.75. Elsewhere
£6.50. Send cheque/PO/Barclaycard/Access No.
with order. Giro No. 529314002.
LOCAL AUTHORITY AND EXPORT ORDERS WELCOME

GOODS BY RETURN SUBJECT TO AVAILABILITY

DIGITAL ELECTRONICS

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

The SUPERKIT series introduces beginners to practical digital electronics.
SUPERKIT (SUP 1) is the first kit, which contains an instruction manual,
a solderiess breadboard, and components (7 integrated circuits, switch,
resistors, capacitors, LEDs and wire). It teaches boolean logic, gating,
flipflops, shift registers, ripple counters and half adders. SUPERKIT {1
{SUP 1) extends SUPERKIT. It contains an instruction manual and
components (10 integrated circuits, 7-segment display, resistors,
capacitors and wire), and explains how to design and use adders,
subtractors, counters, registers, pattern recognisers and 7-segment
displays.

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

MICROELECTRONICS £6.50

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

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

CAMBRIDGE LEARNING LTD, Unit 20, Rivermill Site,
FREEPOST, St. Ives, Huntingdon, Cambs. PE17 4BR, England
Telephone: 0480 67446.

VAT No. 313026022 Transcash No. 2789159 Reg. No. 1328762
—-— o — — -——— m— — — ——— — e -_—

Please send me (initial letters used):

...... SUP I @ £22.00 v DCL @ £7.00
...... SUP 11 @ £16.00 DCD @ £9.50
...... SUP1+ 1l @£3500 MiC @ £6.50

Full details of all your courses (please tick}

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

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

Name ............

CAMBRIDGE LEARNING LTD

Unit 20, Rivermill Site, FREEPOST, o
St. Ives, Huntingdon, Cambs PE17 4BR
England. G0
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MICRONTA

Quality Test

Equipment

Autoranging. "‘Beep” continuity,
range-hold to override autoranging;
"diode check” function and zero
adjust. Measures to 1000 volts DC,
500 volts AC. Resistance to 2
megohms. Requires 2 "AA" batteries
22-193

=342
Autoranging. Select the function and it
does the rest. Measure to 1000 volts DC in &
ranges, 500 volts in 4 ranges. Accurate from
45-10 kHz. Resistance to 2 megohms in 5
ranges. 47/8 x 213/16 % 1'/8" Requires 2"AA”
batteries. 22-188

Transistor Checker. Makes Go/No-Go
tests on small signal and power types.
Indicates relative current gain:.
2%4 x 4%8 x 13/16. Requires "AA" battery.

22-025

TAKE A LOOK AT TANDY, TODAY

Visit your local store or dealer and see these and many more bargains.

o Know:
OVER 9,000 STORES & DEALERSHIPS WORLDWIDE :

£

25 Ranges, 20,000 Ohms Pet Volt.
Has 4" colour-coded mirrored scale
and detented hinge. Measures to
1200 volts DC, 1200 volts AC, DC to
300 mA. Resistance to 2 rnegohms
dB: —20to +, 5ranges. Accuracy: +
3% DC, £4% AC. 22-211

MICRONTA

ranges DC 10,1
3t x2Vax !

We service what we sell - over 2,600 exclusive

8 Ranges 2,000 OHMs Per Volt. Easy to use. Perfect
beginner's VOM. 2 meter, colour-coded mirrored scale
and “Off* position. Measures to 1000 volts AC/DC in 6

50 mA. Resistance to 100,000 ohms.
/4", Requires "AA" Baftery. 22-212

~ ~~
n As Radio Shack In The U.S.A.

Prices may vary at Dealers
Offers subject to avallabdity

lines!
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Editor Nick Hampshire

Assistant Editor Richard Barron

Editorial Tel: 01-727 7010

Advertisement Manager
Nigel Bellwood

Advertisement Tel: 01-727 7010

Queries and letters concerning

advertisements (o

Practical Electronics Advertisements,

Practical Electronics Magazines Ltd., 16 Garway
Road, London W2.

Letters and Queries
We are unable to offer any advice on the
use or purchase of commercial equipment
or the incorporation or modification of
designs published in PE. Al| letters requir-
ing a reply should be accompanied by a
stamped addressed envelope, or ad-
dressed envelope and international reply
coupons, and each letter should relate to
one published project only.
Components are usually available from
advertisers; where we anticipate difficul-
ties a source will be suggested.

Old Projects

We advise readers to check that all parts
are still available before commencing any
project in a back-dated issue, as we can-
not quarantee the indefinite availability of
components used.

Technical and editorial queries and letters to.
Practical Electronics Editorial,

Practical Electronics Magazines Ltd., 16 Garway
Road, London W2.

SUBSCRIPTIONS
Copies of Practical Electronics are avail-
able by post, inland for £ 14, overseas for
£16 per 12 issues, from: Practical Elec-
tronics, Subscriptions Department, Practi-
cal Electronics Magazines Ltd., 16 Garway
Road, London W2. Cheques, postal orders
and international money orders should
be made payable to Practical Electronics
Magazines Limited.

Phone:
Editorial 01-727 7010

We regret that lengthy technical enquiries
cannot be answered over the telephone.

Practical Electronics March 1986

N NOVEMBER, Practical Electro-

nics celebrated its twenty-first
birthday. in those twenty one
years the magazine has grown into
one of the most widely respected
popular electronics titles. Each
issue is read avidly by tens of
thousands all over the world. For
all these years Practical Electronics
has been under the ownership and
guidance of /PC Magazines Ltd.
Now the magazine has changed
ownership and will from the next
issue be under the guidance of
Practical Electronics Maga-
zines Ltd. The new owners will
continue the tradition of quality and
advancement in the exciting field of
electronic technology.

The editorship of Practical Elec-
tronics is being taken over by my-
self, Nick Hampshire. | have written
many books on computing and
electronics, and have edited and
published several computer maga-
zines. Richard Barron the current
assistant editor is staying with the
magazine and will help to ensure
that the magazine continues to
provide our existing and loya!
readers with the kind of articles
and projects which has made Prac-
tical Electronics the success that it
is today. | shall also be acting as
publisher in association with
Angelo Zgorelec who is well
known to many as the founder of
Personal Computer World Maga-
zine, the first European personal
computer magazine.

| wish to assure all our readers,
subscribers and advertisers, that
Practical Electronics under its new
ownership will continue to provide
the kind of editorial which you both

expect and demand. Expanding the
size of the magazine will give me
space to include new editorial ma-
terial, thereby allowing more ex-
tensive coverage of subjects relat-
ing to leading edge LS| and micro
technologies. To help decide what
you as readers want from the mag-
azine | am including in this issue a
special reader survey. | hope that
as many readers as possible will
complete and return the survey
form (see page 25). This is impor-
tant since it is on the basis of this
research that | will decide on the
editorial contents, and what type
of projects to include in future
issues.

WELCOME CRITICISM

| would welcome any ideas or
criticism from our readers and
advertisers. | would also like to
encourage any readers who have
developed a project which they
think others would like to hear
about to write to me with a short
description as | will constantly be
looking for new authors with good,
original and innovative ideas.

| wish to take the opportunity of
thanking my predecessors as edi-
tors, Mike Kenward, and founding
editor Fred Bennett, for the great
job they have done over the last
twenty one years. | am looking
forward to continuing this tradition
of high standards over the next
twenty one years of Practical Elec-
tronics, and | hope all our loyal
readers will agree.

- . . Nick Hampshire

BACK NUMBERS and BINDERS . . .

Copies of most of our recent
issues are available from: Post
Sales Department (Practical
Electronics), Practical Electron-
ics Magazines Ltd., 16 Garway
Road, London W2, at £1.40
each including Inland/Overseas
p&p. Please state month and
year of issue required.

Binders for PE are available
from the same address as back
numbers at £5.50 each to UK or
overseas addresses, including
postage, packing and VAT.




Items mentioned are available
through normal retail outlets,
unless otherwise specified.
Prices correct at time of going
to press.

EWS &

WHEN T0 START?

At what age should one start to learn about electronics? The
answer—as early as possible! At least, that is the idea in Wirral,
where the Borough’s Education Authority asked Bromborough’s
INTECH (Information Technology Centre) to develop an idea of
Simon Jones, a teacher at Sandbrook Primary School, Wallasey, for
teaching basic electronics to primary and early secondary school

children.

The result is the successful Wirral Elec-
tronics Pack, now being offered to schools
and education authorities throughout
Britain.

The pack is permanently housed in a
carton with a fitted cellular plastic interior
liner—the individual cells containing separ-
ately all the materials necessary for simply
constructing 10 experiments which will
introduce 3rd and 4th year juniors or 1st
year secondary school pupils to the funda-
mental concepts of electronics.

Worksheets are included which instruct
users—both teachers and pupils—how to
set up each experiment correctly to
achieve an end result. Each experiment
demonstrates the nature of electricity and
how it flows in a circuit.

Power is supplied cheaply and safely by
4 ordinary 1-5 volt HP2 or equivalent dry
batteries (not included). Spacers gripped
between the batteries provide tapping
points for 1-5, 3, 4-5 or 6 volts as required.

Project No. 12 gives instruction in build-
ing a multifunction alarm system (intruder
and fire), but children and teachers can
develop their own projects from there
—the Electronics Pack is a springboard
rather than a closed learning system.

This is further borne out by the fact that
Stage I, which will link more advanced
experiments to school computers, is al-
ready being developed. Stage Il will then
make a bridge to the Micro-Electronics for
All course. (See Practical Electronics Jan-
uary and February.)

For further information on the Wirral
Electronics Pack Stage | (£22.25 inc VAT
and p&p) contact Bromborough INTECH
Centre Ltd. (051-334 2771).

OPTICAL HBR

A new world record for optical fibre transmis-
sion set by British Telecom promises to help
contain the cost of expanding the network. A
team of engineers have succeeded in trans-
mitting data over 32 km of singlemode fibre
at a rate of 2-4 Gbit/s, the fastest rate yet
achieved over an installed cable.

Unlike previous laboratory demonstra-
tions this feat was achieved over an existing
cable. It illustrates the feasibility of upgrad-
ing existing optical systems without the need
to replace cables. Considerable sums could
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be saved in the future by providing only new
terminal electronics to expand the capacity
of cables rather than replacing complete
systems.

The data rate achieved, 2,400 million bits
of information per second, represent a 16-
Jold capacity increase over the existing 140
Mbit/s systems. It is equivalent to passing
30,720 separate speech channels, or 32 full-
bandwidth colour television pictures, down
the same single optical fibre.

The key factor in the trial was the use of a
ridge-waveguide distributed feedback (DFB)
laser, developed at British Telecom’s Martle-
sham research laboratories. It gives an abso-
lutely pure single wavelength output at 1-52
microns, which is necessary to avoid the
distortion which would occur with less pure,
multi-wavelength signal sources in this ap-
plication. The wavelength, longer than that
used by current fibre systems (I-3 microns),
was chosen because of the significantly lower
losses (and hence further transmission) at
this frequency.

The record was set on a cable linking
Birmingham with Tamworth.

SATELLITE
TRACKER

Two Satellites, UOSAT 1, launched in 1981
and known as OSCAR 9, and UOSAT 2 or
OSCAR 11, launched in March 1984, are
helping to generate more enthusiasm from
pupils for geometry, maths, science, geo-
graphy and computer systems. But until
recently communicating with OSCAR 9
and OSCAR 11 has not been easy, involving
electronics, computing and satellite track-
ing knowledge.

Now, after 15 months of work, the prob-
lems have been eliminated by Steve Webb
whose track record in the electronics indus-
try includes ten years work with Ferranti
and Marconi on space and defence satellite
systems.

Steve developed a basic receiver for his
children after they got bored playing space
invader games on their home computers
—and they were thrilled to be able to
receive data, news bulletins, and messages
from space. He says his children provided
the inspiration for ASTRID (Automatic
Satellite Telemetry Receiver and Informa-
tion Decoder) which is now about to be
launched world-wide.

The fully automatic system will operate
with any computer that has a suitable serial
interface. Its system was originally devel-
oped with the BBC Micro because of the
good quality educational software readily
available with this computer. However,
ASTRID has now been adapted for the
Sinclair Spectrum and others.

The antenna can be attached to a TV
mast, even a garden fence, providing it can
see as much sky as possible. Some who have
tested the product say it will even work with
the aerial indoors.

ASTRID costs £149 (inc. VAT and p&p),
it is supplied with receiver/decoder, an-
tenna, power supply and leads plus test tape
with display software. For further details
contact, M. M. Microwave Ltd., Kirby-
moorside, York YO6 6DW. (0751 31620).
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IDEA °’86 (Internepcon Development in
Electronics Award) is a new award scheme
initiated by Cahners Exhibitions Ltd.—the
organisers of Internepcon, the UK’s longest
running national electronics show. The
impetus behind IDEA °86 is to not only
encourage the tradition of British innovation,
but also provide the professional support
necessary to manufacture and successfully
promote and market the design. IDEA was
officially launched in January this year.

The entrants will be taken from three main
areas—individuals with an idea who are
prepared to go into full time business, stu-
dents in the final year of an elelctronics
degree or other suitable technical qualifica-
tion and small independent companies em-
ploying less than 10 staff.

IDEA ’86 has, therefore, been conceived to
encourage and help develop those ideas on
new products which might otherwise be lost
to industry.

The awards will be a bi-annual event—pro-
viding an ongoing impetus for new enterprise
in the UK electronics industry, and continu-
ously supporting those innovations through
to the marketplace.

Entry deatails and further information can
be obtained from Lucinda Hopkins/Chris
Corfield, Infopress Limited on 01-353 2320.

DOPS! SORRY

In the January news item ‘CD With a
Difference’ we wrongly stated that the
CARIN navigation system was presently
available, we also published an approxi-
mate cost price.

Unfortunately we have since been in-
formed that our source of information was
inaccurate. Philips have demonstrated a
prototype installation in Eindhoven and
fully expect to be manufacturing a product
sometime in the future. However, the time
scale on this will be measured in years
rather than months and therefore no infor-
mation can be given on launch dates or
prices.—Apologies to all concerned.

IDEA’'8G Calibration Service

Advance House of Instruments has recently
appointed the Bedfordshire-based Beds. In-
dustrial Calibration Centre on an exclusive
basis to provide a back-up service for in and
out of warranty repairs on the Advance
House of Instruments’ ranges of electronic
test and measuring instruments.

Beds. Industrial Calibration Centre under-
takes repair, servicing, and calibration of a
wide range of instruments and also provides
an emergency repair facility and a 7-day
turnround as standard for calibration. Preci-
sion measurements are performed in a mod-
ern, clean, temperature-controlled room and
are traceable to the National Physical Labora-
tory via the British Calibration Service. Re-
paired and calibrated equipment is soak
tested and given a final test prior to being
wrapped and delivered. All equipment re-

pairs and calibration is supported by full
documentation in the form of fault reports.
Calibration certificates are available at a
nominal cost. Information from Advance
House of Instruments, Raynham Road,
Bishop’s Stortford, Herts CM23 5PF.
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Very often in our field we need to take a
close look at our work, it is not always easy to
illuminate the area at the same time. The
Spirig Pocket Inspection Microscopes will,
however, solve both these problems at the
same time. Arguably these aids are being
marketed as pocket size, they are certainly
portable and would be a handy addition to
the hobbyist toolkit.

Two types are available—the Spirig 30
(30x magnification) and the Spirig 100
(100x magnification). Their prices are

POINTS
ARISING...

BURGLAR ALARM

Feb ‘86

The 12V bulb used to indicate an alarm
condition should be connected to termi-
nals 13 and 14 and not terminals 3 and 4
as stated in paragraph 1, page 31 of the
Burglar Alarm project. Terminal 3 is con-
nected directly to the mains as shown in
Fig. 5.

£22.42 and £32.77 respectively (inc. VAT
and p&p). From Cobonic Ltd., 32 Ludlow
Road, Guildford, Surrey GU2 SNW. (0483
505260).

Briefly...

It looks likely that Amstrad will launch a
combined TV/Video-recorder later this year.
According to reports, the machine could be
the first of its kind, having the capability of
receiving TV broadcasts in full. So far
similar combinations have only incorporated
monitors, they are used for business presen-
tations etc.

Whilst on the subject of Amstrad ma-
chines, it has been brought to our attention
that ‘Locoscript’ discs for the 8256 have an
inherent bug (page number insertion fails to
operate). Replacements available free of
charge.

Goumdown ... &

Please check dates before setting out;, as we cannot guarantee
the accuracy of the information presented below. Note: some

Atari Computer Show Mar. 7-9. Novotel, Hammersmith. O
Electro-Optics/Laser International Mar. 18-20. Metropole, Brigh-

Robotics and Automated Systems Mar. 25/26. Imperial College. P
CAD ’86 Apr. 8-10. Metropole, Brighton. L

exhibitions may be trade only. If you are organising any electrical/

electronics, radio or scientific event, big or small, we shall be glad to
include it here. Address details to Brian Butler.

Sound Eighty Six Feb. 18-20. Novotel, Hammersmith. F
Electrex '86 Feb. 24-28. NEC, Birmingham. G
Scottish Electronics Technology Show Feb. 25-27. Exbn. Centre,

Glasgow. B

Business Telecom ’86 Mar. 4-6. Barbican Centre. I
Instrumentation 86 Mar. 5/6. Cresh Hotel, Bristol. J

Internepcon Production Show Apr. 8—10. NEC, Birmingham. B
British Electronics Week Apr. 29-May 1. Olympia. N

B Cahners. ® 01-891 5051

F ASCE Ltd. & 06286 67633

G Electrex Ltd. & 0483 222888

I Online & 01-868 4466

J Trident Int. Ex. Ltd. & 0822 4671

L Butterworth Scientific Ltd."& 0483 31261

O Database & 061-456 8383
P Imperial College & 01-589 5111

—
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Fbre Optic
Audio Link

R.A.Penfold

Guided light audio transmission system
—experimenting with fibre optics

ATHOUGH there has been a great deal written about fibre-optics
in the technical press over the years, and this technology is
now beginning to have a real impact in the communications
industry, fibre-optic constructional projects seem to have been all
but nonexistent so far. While it has to be admitted that the

capabilities of fibre-optic cable are far in excess of anything most

LED
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amateur users are likely to require (when did you last want to send
twenty-five TV signals over a single cable), simple data links can
also be provided, and can be surprisingly inexpensive. The cable
itself has fallen in price over the years, and is now just a little more
expensive than ordinary electric cable.

This article describes a simple fibre-optic audio link which does
not require any special or difficult to obtain electronic compon-
ents. A frequency modulation system is used to give good
linearity and a signal to noise ratio of better than 60dB. A high
brightness l.e.d. is used as the modulated-light source and an
ordinary phototransistor acts as the light receiver. The prototype
has only been tried over a range of 20m, and this should be
adequate for most purposes. This range is achieved with ease
though, and the system should be capable of operating over a
substantially greater range without the need for any modifica-
tions. Whether or not the system has any real advantages over an
ordinary electric-cable link is debatable, but at the very least it
represents an interesting project for schools and experimenters.

Fig. 1. Transmitter block diagram

essary to have clear air between the emitter and the detector.
Whether the cable is laid out in a straight line or bent into a
complex shape, the degree of attenuation it provides remains
much the same.

There are two basic types of modulation that can be applied to

‘this application, AM (amplitude modulation} and FM (frequency

modulation}. With amplitude modulation the transmitting l.e.d. is
at about half brightness under quiescent conditions, and its
brightness is varied in sympathy with the audio input voltage.
Positive input voltages give a proportional increase in brightness,
while negative voltages give a proportional decrease in bright-
ness. The photodetector is connected in a potential divider circuit
which is in turn connected across a voltage source. The varying
light level is thus converted to varying resistance through the
detector element, and to a varying voltage by the potential divider
circuit.

LPF ¥ BUFFER LPF —— B

7
e PHASE
PHOTOTRANSISTOR —= AMPLIFIER AMPLIFIER COMPARATOR
/
vCo
Fig. 2. Receiver block diagram

SYSTEM OPERATION

The type of cable needed for a link of this type is a single
polymer filament of about Tmm in diameter and covered with
plastic sleeving to protect the core. The latter gives the cable an
appearance which is very much the same as ordinary single core
insulated electric cable, but the fibre-optic cable is generally a little
less flexible though. Light fed in at one end of the cable tends to
travel down the filament, reflecting from one wall to the other,
eventually emerging at the other end. The difficulty when
producing fibre-optic cable is to keep the losses down to a low
level, and a typical (inexpensive) modern cable has an attenuation
of about 1dB per metre. In other words, the light level reduces by
a factor of ten for every 20m of cable.

This may not seem to be very good in comparison to an
ordinary coaxial cable, and only represents about one tenth of the
range for a given level of attenuation, but it is adequate for many
purposes. If used to link an |.e.d. to a photodetector, the range ob-
tained via the cable is vastly more than can be obtained by simply
directing the light direct from the l.e.d. to the detector. Of course,
the other advantage of using a fibre-optic cable is that it is not nec-

10

Although an AM system has the advantage of being extremely
simple, it-has a major drawback in that any non-linearity anywhere
in the system produces distortion on the audio output signal. In
practice quite significant levels of distortion would almost certain-
ly result, and it is better to use an FM system where non-linearity
in the l.e.d., l.e.d. driver, and photodetector do not affect the
audio output quality. This equipment uses a simple FM set-up, and
the block diagrams for the transmitter and receiver are shown in
Fig. 1 and Fig. 2 respectively.

The transmitter is slightly the more simple of the two devices,
and really consists of little more than a VCO (voltage controlled
oscillator}. The output frequency of the VCO is dependent on the
control voltage, and this voitage is modulated by the audio input
signal. The receiver must convert the variations in frequency back
into an audio signal using some form of frequency to voltage
converter. The l.e.d. is simply being switched on and off, and it is
the switching frequency rather than the l.e.d. brightness that is
proportional to the amplitude of the audio input signal. Therefore
the l.e.d. and photodetector cannot introduce distortion into the
system. An FM system is not distortionless though, and the VCO
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must have good linearity, as must the frequency to voltage
converter at the receiver, if a good quality audio output is to be ob-
tained. In practice good VCO and detector linearity are easily
achieved.

TRANSMITTER AND RECEIVER
Returning to Fig. 1, the transmitter is more than just a VCO, and

quency, and provided the VCO has good linearity, it provides the
required linear frequency to voltage conversion. A phase locked
loop may seem to be an unnecessarily complex way of doing
things, but using a suitable PLL integrated circuit this type of
detector can actually be very simple and inexpensive. PLL
detectors give excellent results, and an acceptable signal to noise
ratio from weak and noise infested input signals.
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Fig. 3. Transmitter circuit diagram

one of the additional stages is a buffer stage at the output which
provides a reasonably high drive current to the l.e.d. A buffer
stage at the input gives the circuit a fairly high input impedance
and provides a low output impedance to drive a lowpass filter
circtit. This stage ensures that the excessive modualtion frequen-
cies are not allowed to reach the VCO. A bias voltage for the
control input of the VCO is supplied by the buffer stage via the
lowpass filter.

A phototransistor is used as the light detector, and this
provides good sensitivity at the fairly high carrier frequency of
around 100kHz. Another point in favour of phototransistors is
that they are readily available with a built-in lens that gives a faitly
narrow viewing angle. This is important in this application as it
helps to ensure that the light from the end of the cable is efficiently
coupled to the semiconductor detector element. The output from
the detector circuit is quite low at typically only a few mV RMS or
less. A two stage high gain amplifier is used to boost and clip the
signal to give virtually squarewave output to drive the frequency
to voltage converter circuit.

PHASE LOCKED LOOP

A phase locked loop provides the frequency to voltage
conversion. The phase comparator, lowpass filter, and VCO make
up the phase locked loop. The relative phase and frequency of the
input signal and the VCO are checked by the phase comparator,
which provides a series of output pulses. These pulses are
integrated by the lowpass filter to produce a reasonably smooth
control voltage for the VCO. If the VCO is at a lower frequency
than the input signal or even if it is just slightly lagging the input
signal in phase, the output from the lowpass filter goes to a high
voltage and boosts the operating frequency of the VCO. Similarly,
if the VCO is at a higher frequency than the input frequency, or
leading it in phase, the output of the lowpass filter goes to a low
voltage. This reduces the VCO's operating frequency.

There is a negative feedback action here which results in the
VCO locking on to the same frequency as the input signal, and
also keeping in phase with it. This assumes that the input
frequency is within the locking range of the circuit. For proper
demodulation the carrier frequency of the transmitter must be
roughly matched to the centre frequency of the VCO in the PLL,
and the deviation at the transmitter must not take the carrier
outside the ‘locking range of the PLL. Severe distortion usually
results if lock is lost on signal peaks.

Of coures, in this application it is not the output of the VCO that
is of value, but the control voltage from the lowpass filter. This
rises and falls in sympathy with fluctuations in the input fre-
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The demodulated audio output is fed via a buffer stage to a
second lowpass filter. This filter ensures that there is no
significant carrier breakthrough at the output, and as it is an active
type it also provides-the unit with a low output impedance.

TRANSMITTER CIRCUIT

Fig. 3 shows the circuit diagram for the transmitter. The circuit
is designed around IC3 which is a CMOS 4046BE phase locked
loop, but in this circuit only the VCO section of the device is
utilized. C6, R6, and VR1 are the timing components, and VR1 is
adjusted to match the centre frequency of the transmitter VCO to
that of the PLL decoder in the receiver circuif. The carrier
frequency of the prototype is just over 100kHz, and the peak
deviation can be quite high at up to about 30kHz or so.

TR1 operates as an emitter follower buffer stage at the output
of the VCO, and this drives the le.d., D1 at a current of
approximately 40mA. The output waveform of IC1 is a
squarewave signal, and D1 is therefore switched off for about
50% of the time. This gives an average l.e.d. current of about
20mA. Originally a higher L.e.d. current was used, together with
an ordinary 5mm red l.e.d., but this gave poor results with a
mediocre signal to noise ratio. In fact it was difficult to align the
optics accurately enough to get the system to operate at all. Filing
down the lens on the l.e.d. gave a much improved signal to noise
ratio, but optical alignment remained critical. in the final unit a high
brightness red l.e.d. is used, and the specified device (a CQvbs1J)
was found to give excellent results. Even using an average |.e.d.
current of only around 20mA a good signal to noise ratio is
provided, and optical alignment is far from critical. An infra-red
l.e.d. might give improved results since most phototransistors
have a response which peaks in the infra-red part of the spectrum.
However, not all fibre-optic cables will transmit efficiently in the
infra-red part of the spectrum, and the cable used in the prototype
proved to be very inefficient with an infra-red source. A high
brightness red l.e.d. probalby represents the safest option:.

IC1 is the input buffer stage and it gives the unit an input
impedance of nominally 50k. The lowpass filter is based on IC2
which also operates as a unity voltage gain buffer stage. The filter
is a conventional third order {18dB per octave) type which gives
the system a bandwidth of about 15kHz. This is marginally less
than the full audio range, but is sufficient to provide a very
respectable audio quality {comparable to FM radio).

RECEIVER CIRCUIT
The circuit diagram of the receiver appears in Fig. 4. TR2 is the
phototransistor, and although a BPX25 is specified for this

R




S NG— 5V
S2
ON/QFF
e ch R19 ==L
mpa 1000 7
10k ouY
470p C16  sKk2 \
16 b 7 |2 ] l___")
R8 10p 1
IC5
™ 4LO4BBE
L ﬂS "
R17
10k
=vE
|

component, similar devices such as the TIL81, and BPY62 seem
to work equally well. The collector to emitter resistance of TR2 is
connected with R9 to form a potential divider across the supply
lines. The pulses of light cause the collector to emitter resistance
of TR2 to fall slightly, and this generates small negative pulses at
the collector of TR2. R8 provides TR2 with a small quiescent bias
current which aids its sensitivity and high frequency performance.

TR3 is connected as a high gain common emitter amplifier, and
it provides the first stage of amplification. iC4 is connected as an
inverting amplifier with a voltge gain of 20dB, and this provides
the second stage of amplification. The clipped signal at the output
of IC4 is compatible with the input of IC5, which is another
4046BE CMOS phase locked loop. In this case it is used as the
phase locked loop detector. The link across pins 3 and 4 connects
the output of the VCO to the input of the phase detectors (only
one of which is used here). R19 and C12 form the lowpass filter
between the phase comparator’s output and the control input of
the VCO, while C11 and R17 are the VCO's timing components.
R18 s the load resistor for the built-in source follower buffer stage
of IC5, and it is from here that the demodulated audio signal is
taken.

IC6 is used as the basis of the lowpass filter at the output of the
unit, and this is essentially the same as the filter at the input of the
transmitter. The circuit will handle signal voltages of up to about
1V RMS or so with distortion of under 1%. Although one might
expect there to be exactly unity voltage gain through the system,
there is in fact a loss of a few dB. This is due t6 the buffer stage in
IC5 having a voltage gain of somewhat less than unity.

Fig. 4. Receiver circuit diagram

CONSTRUCTION

Printed circuit designs for the transmitter and receiver are
shown in Fig. 5 and Fig. 6 respectively. Both boards are pretty
straightforward to construct, but bear in mind that IC3 to IC6 are
all MOS devices, and that they consequently require the normal
antistatic handling precautions.

D1 and TR1 are mounted horizontally on their respective
boards. The boards are then mounted on the base panels of the
cases with D1 and TR1 positioned behind holes drilled in the front
panels. Cases of about 150mm by 100mm by 50mm are suitable
incidentally. There is no fibre-optic equivalent of a 3-5mm jack
plug and socket available, and so something has to improvised.
Fig. 7 shows the arrangement used in the protqtype equipment.
The front panel holes are fitted with small grommets having an
inside diameter of about 5mm. Some sleeving is then used to link
each grommet to its opto device, so that when the end of the
cable is pushed into the grommet it is guided to the opto device.
Heat-shrink sleeving is ideal, as the opto devices have a wider
diameter than the cable, and by shrinking the sleeving the cable
will be made a tighter and more reliable fit. The sleeving must be
fitted and shrunk prior to mounting each opto device. It can be
shrunk by holding it over the flame from a match, and rotating the
sleeving so as to heat it evenly over its entire surface. Be very
careful not to overheat the sleeving or the component, or your
fingers for that matter. This system seems to work very well in
practice, making the fibre-optic cable as easy to use as an
ordinary audio cable fitted with jacks. If you prefer not to use heat-
shrink sleeving, results seem to be perfectly acceptable using
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Fig. 6. Receiver p.c.b. layout
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COMPONENTS . . .

TRANSMITTER
Resistors

R1,R2 100k (2 off)

R3-R5 2k7 (3 off)

R6 4k7

R7 100

All W carbon

VR1 10k sub-min hor preset
Capacitors

Cc1 470u 10V radial elect

C2 470n carbonate

C3 15n carbonate

C4 22n carbonate

C5 1n carbonate

C6 470p ceramic plate
Semiconductors

IC1,1C2 741C (2 off)

IC3 4048BE

T8 BC441

D1 CQV51J 5mm High brightness

red l.e.d.

Miscellaneous

S Rotary on/off switch

SK1 3-5mm jack socket.

Case 1562 x 102 x 5 1mm; printed circuit board PE 025
16 pin d.il. i.c. holder; 8 pin d.i.l. i.c. holder (2 off);
battery and connector; control knob; heatshrink sleev-
ing; grommet; fixings, etc.

Fig. 7. Fibre optic
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ordinary PVC sleeving having an inside diameter of about 5mm.

The current consumption figures for the transmitter and
receiver units are about 28mA and 10mA respectively. This
permits economic battery operation, but in both cases it is
advisable to use a fairly high capacity type, such as a PP9 or six
HP7 size cells in a plastic battery holder. Connection to the latter is
via an ordinary PP3 style battery clip.

Fibre-optic cable is often supplied with rather rough cut ends
which do not aid good light transmission. Much more efficient
light transmission can usually be obtained by cutting off a smali
piece from each end of the cable using a sharp modelling knife,
making the cuts as cleanly as possible and at a right angle to the
cable. Provided a good clean cut is made there should be no need
to polish the ends of the cable in order to obtain good resuits. A
very important point to note is the the fibre-optic cable will
fracture and cease to provide good light transmission if it is bent
into tight curves. The minimum recommended radius for most
single filament cables is about 20mm.

Photos below illustrating both p.c.b.s

RECEIVER
‘Resistors
R8 1™
R9 3k9
R10 1M8
R11,R18 4k7 (2 off)
R12 470
R13,R17,R19 10k (3 off)
R14,R15 15k (2 off)
R16 100k
R20-R22 2k7 (3 off)
All W carbon
Capacitors
c7.C17 100 10V radial elect (2 off)
cs 10n polyester
c9 100n polyester
c10 2u2 63V radial elect
cn 470p ceramic plate
Ci12 10n carbonate
c13 15n carbonate
c14 22n carbonate
C15 1n carbonate
C16 10u 25V radial elect:
Semiconductors
IC4,1C6 CA3140E (2 off)
IC5 4046BE
TR2 BPX25 or similar
TR3 BC547
Miscellaneous
S2 Rotary on/off switch
'SK2 3:5mm jack socket

Single core fibre optic cable; case about 152 x 102 x
51mm:; printed circuit board PE 026; 16 pin d.i.l. i.c.
holder; 8 pin d.il. i.c. holder (2 off); battery and
connector; heatshrink sleeving; grommet; control knob,
fixings, etc.
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ADJUSTMENT AND USE

For good results the system must be used with a fairly high
input level of around 250mV to 1V RMS. For use with a low level
source such as a microphone a suitable preamplifier must be
added ahead of the transmitter. Only one adjustment has to be
made to the completed system, and this is to set VR1 for
optimum large signal handling ability. If an oscilloscope and audio
signal generator are available these can be used to aid the correct
adjustment of VR1, using the standard procedure. If suitable test
gear is not available it does not really matter, and VR1 can be
given any setting that gives good results with no obvious
distortion on the output signal. The PLL detector has a wide lock
range and the setting of VR1 is not particularly critical.
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If stereo operation is required, the most simple way of achieving
this (and the only way with'the present design) is to use a separate
transmitter and receiver circuit for each channel, with a twin fibre-
optic cable providing the link. Similarly, a twin cable plus two sets
of circuits could be used to provide a two-way link. The signal to
noise ratio should be quite good unless a very long connecting
cable is used. If necessary though, a higher transmitter output
power can be used to give an even lower noise level, and this
merely entails reducing the value of R7 to about 47Q. Of course,
this gives the transmitter a higher current consumption.




o ]

Jmaduoumw

MICHAEL TOOLEY sa

HIS MONTH sees the final part of this introduction to micro

systems series. In it we will be taking a look at some of the peri-
pheral chips available to suppport the 6502 CPU which was
introduced last month. We will then move on to conclude the series
by briefly reviewing the capabilities of the Z80 family.

6502 PERIPHERALS

The 6502 CPU has its own family of peripheral support chips,
and Table 6.1 lists a selection of the more popular of these devices.
In addition, however, 6502-based systems are also able to make
immediate use of the peripheral chips provided for the 6800 family.
This is due to the common bus structures used in these two micros.
As a practical example of this capacity for “mix-and-match”, we
find that although the BBC Micro is designed around a 6502A CPU,
and uses two 6522 VIAs from the 6502 support family, it
supplements these with a 6845 CRTC and a 6850 ACIA from the
6800 family.

Many of the 6502’s peripheral chips are very similar to the 63800
family devices, e.g. the 6545 CRTC is pin-compatible with the
6845. Others are more accurately best considered as broad
equivalents to 6800 family devices, but usually with additional
facilities. For example, the 6522 VIA is generally equivalent to the
6821 PIA, but it has the added features of two programmable
interval timers and a shift register.

Before we move on to discuss the Z80 family, we will take a brief
look at the 6502’s VIA. This device is of particular interest because
it introduces the type of programmable timing facilities which are
frequently required in designing a micro system. In other micro
families, these facilities are frequently provided separately in a
programmable timer chip, e.g. the 8255 Programmable Interval
Timer (PIT) in the 8080 family. With the 6522 we see the
combination of parallel /O and programmable timers. As system
designers know, this can save a considerable amount of extra wiring
if the number of 40-pin packages can be reduced by even one.

Table 6.1. 6502 peripheral devices

6520 Parallel {/O
6522 Versatile Interface Adaptor:
Parallel 1/O + Timers (VIA)
6530 ROM + RAM + Timer + 1/O
6532 RAM + Timer + Parallel 1/O
6541 Keyboard/Display Controlier
6545 CRT Controller
6551 Asynchronous Communications Adaptor (ACIA)
6522 VIA

As we have already mentioned, the 6522 versatile interface
adaptor (VIA) is in many respects best described as a super-6821. It
features two 8-bit bidirectionial I/O ports, two 16-bit programma-
ble timer/counters, a series-to-parallel and parallel-to-series shift
register, as well as providing input data latching on the peripheral
ports.

The pin connections for the VIA are shown in Fig. 6.1, with the
corresponding internal block diagram shown in Fig. 6.2. As can be
seen from these two diagrams, the 6522 has many more internal
registers than the 6821. The 6522°s sixteen registers (compared to
the six to be found in the 6821) are individually-addressable via the
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four register select lines, RSO to RS3, in accordance with the scheme
shown in Table 6.2. Many of the additional register addresses are
provided in support of the additional functions provided by the
VIA when compared with a PIA. One immediate and simplifying
consequence of the increased number of register addresses used,
however, is that the data direction and data /O registers are not re-
quired to share the same register address, as was the case with the
6821. This makes simple I/O programming much easier, since it is
possible to identify the effect of I/O instructions without referring
back to any previous setting of bits in other registers.

Space unfortunately does not allow us to examine the operation
of all of the 6522’s registers in any detail. We will confine ourselves,
therefore, to looking briefly at some of the additional features not
previously encountered in peripheral devices. For further informa-
tion, it is necessary (as indeed it usually is) to refer to the
manufacturer’s data sheet.

VIA TIMERS & SHIFTER

Interval Timers: There are two interval timers provided in the
6522 VIA, and these are referred to as T1 and T2. Since there are
some significant differences in their capabilities and modes of
operation, we will look at each of the timers in turn.

Timer 1 (T1): Interval timer T1 consits of two 8-bit latches
(TIL-L and T1L-H), and a 16-bit counter (T1C-L + TIC-H). The
latches are used to store the data which is to be loaded into the
counter. When loading values into the counter, the CPU cannot
write directly into the least significant byte of the counter. Instead,
it must load the low order latch (T1L-L), and the contents of this
latch are then automatically transferred into the low order half of
the counter (T1C-L) when the CPU writes to the high order half of
the counter (T1C-H). This allows both halves of the counter to be
loaded simultaneously using only a single instruction, thereby
avoiding possible timing errors caused by skew effects. After
loading has occurred, the counter is decremented at the 0, clock
rate. When the 16-bit count reaches zero, the T1 interrupt flag (bit 6
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Fig. 6.2. 6522 block diagram

in register 13) is set. If T1 timer interrupts are enabled (see later),
the TRQ user CPU interrupt line is also asserted low.

The subsequent operation once the counter has reached zero
depends on the setting of bits 6 and 7 in the auxiliary control
register (ACR—register 11). The significance of these bits is shown
in Fig. 6.3. If bit 6 is set to a 0, no further interrupts will occur until
the counter has been reloaded. The counter will, however, continue
to decrement to allow the CPU to determine the time since the
interrupt occurred. This is known as the “‘one-shot” timer operating
mode. If bit 6 is set to a 1, the contents of the two latches (T1L-L
and T1L-H) will bé re-loaded automatically into the counter when
the count reaches zero, and the whole process will then repeat. The
timer is here operating in “free-run” mode.

In addition to generating interrupts, the timer can also be
configured to drive the PB7 peripheral line. This behaviour is

enabled when bit 7 in the ACR is set to a 1, and disabled when bit 7
is set to a 0. In one-shot mode, PB7 goes low when the counter is
loaded, and returns high when the count reaches zero. Thus, the
timer can be used to generate a programmable pulse width;
operation in this mode is illustrated in Fig. 6.4. In free-run mode,
the state of PB7 is inverted every time the timer expires. In the
simple case, this allows the production of a square wave output
whose pulse width is not affected by the time taken to service the in-
terrupt. In sophisticated applications, the latch settings may be
altered after each interrupt (which will not affect the count
currently running, but will determine the next setting), allowing
complex waveforms to be synthesised using this mode of timer
operation.

Timer 2 (T2): The second timer operates either as an interval
timer (in the one-shot mode only), or as a counter for counting

Table 6.2. 6522 peripheral registers

Register RS Coding Register _ Description
Number RS3 RS2 RS1 RSO Desig. Write Read
0 0 (0} (0} 0 ORB/IRB Output Register "'B”* input Register "'B"
0 0 0 1 ORA/IRA Output Register A"’ Input Register ""A"’
2 0 0 1 0 DDRB Data Direction Register "'B"”
3 0 0 1 1 DDRA Data Direction Register A
4 0 1 0 o= I racy T1 Low-Order Latches |  T1Low-Order Counter
5 0 1 0 1 T1C-H T1 High-Order Counter
6 (0} 1 1 0 T1L-L T1 Low-Order Latches
7 0 1 1 1 T1L-H T 1 High-Order Latches
8 1 0 0 0 T2C-L T2 Low-Order Latches T2 Low-Order Counter
© 1 0 0 1 T2C-H T2 High-Order Counter
10 1 (0] 1 0 SR Shift Register
11 1 0 1 1 ACR Aucxiliary Control Register
12 1 1 0 0 PCR Peripheral Control Register
13 1 1 0 1 IFR Interrupt Fiag Register
14 1 1 i 0 IER Interrupt Enabie Register
15 1 1 1 1 ORA/IRA Same as Reg 1 Except No “"Handshake™’
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negative pulses on peripheral pin PB6. Selection of the mode of
operation of T2 is controlled by bit 5 of the ACR, as shown in Fig.
6.3. The timer comprises a write-only low-order latch (T2L-L), a
read-only low-order counter (T2C-L), both sharing the same register
address, and a read/write high-order counter (T2C-H). The two
counter registers act as a 16-bit counter which counts down at the @,
clock rate.

Each interrupt flag also has associated with it an interrupt enable
bit in the interupt enable register (register 14). This allows the CPU
to decide in advance, for each possible source of interrupt in the
VIA, whether this should be allowed to give rise to a user interrupt
or not. This can save the CPU a lot of time in its own interrupt han-
dling routines, and generally increases the flexibility of the system
by devolving work from the CPU to the peripheral device.
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Fig. 6.4. One-shot timer operation

In the one-shot mode, T2 starts to count down when the CPU
loads the high-order part of the counter, i.e. in the same manner as
the operation of T1 in this mode. When a zero count is reached, the
VIA generates an interrupt and sets the flag in the interrupt flag
register (in this case it is bit 5 in register 13).

In the pulse counting mode, however, T2 serves primarily to
count a predetermined number of the negative-going pulses on PB6
input and then generate an interrupt. This is accomplished by first
loading a number into T2. Writing to T2C-H will clear the interrupt
flag of any previous interrupt. The write operation will also cause
the counter to decrement each time a pulse is applied to PB6. In or-
der to be recognised, however, the pulse must be low on the leading
edge of the @, clock. When the count reaches zero, an interrupt will
be generated, but the counter will continue to count. The pulse
counting sequence is summarised in Fig. 6.5.

Timer Interrupts: In both T1 and T2, the corresponding interrupt
flags in register 13 are usually reset in one of two ways. The flag is
cleared either by reading from the low-order half of the counter, or
by writing to the high-order half of the counter. In each case, further
timer interrupts will not be generated until the corresponding flag
has been cleared. The interrupt flags may also be cleared directly by
writing a | to the appropriate bit in register 13.

WRITE T2C-H OPERATION l l

PB6 INPUT

iRQ OUTPUT = - ]
N IN—!lN-Z § l 0 l-x

Fig. 6.5. Pulse counting mode

To assist the CPU in determining the source of an interrupt in a
micro system, the 6522 provides an easily tested flag (bit 7) in
register 13 which indicates whether an interrupt exists within the
VIA. If not, then the CPU can rapidly pass on to another device,
without having to look in detail at the individual flags.

Shift Register: The shift register (SR) allows serial data transfers
to be performed into and out of CB2, i.e. serial-to-parallel and
parallel-to-serial conversion between CB1 and the SR, respectively.
The shifter has eight different modes of operation (including a
‘disabled’ mode), and the current mode of operation is selected by
the setting of bits 2 to 4 in the auxiliary control register
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(ACR—register 11). The values set in these bits allow selection of
the shift direction (in/out), and control of the clock source (T2, 0,,
or an external clock at CBI). All data shift operations are under
control of an internal modulo-8 counter.

Space does not allow us to examine all of the shift register modes
in any detail, so we will limit ourselves to looking at just one of the
seven possible active modes; mode 000 is the eighth mode which
disables shifter operation. Mode 001 (i.e. bits 4 and 3 of ACR set to
0, and bit 2 to 1), shifts data into the shift register under control of
T2. Fig. 6.6 summarises the sequence to be described. During the
operation, shift pulses are generated on the CBI pin for use in the
external circuitry. The time between these CBI pulses is deter-
mined by the system’s @, clock period, and by the user-defined
contents of the low order T2 latch (T2L-L).

If the SR interrupt flag in register 13 is already set, the shifting op-
eration starts on the next read or write of the shift register
(SR—register 10). Otherwise, the first shift will occur the next time
that T2 expires after the SR read or write (hence explaining the
dependence of performance on the value of the system’s 0, clock
period). The first data bit is then shifted into the low-order bit of the
SR. The first bit is subsequently shifted into the next higher bit of
the SR every time there is a negative-going clock edge (from T2).
The external circuitry should be arranged so that the shifter’s input
data changes before the positive-going edge of the CBI clock. The
data is then shifted into the SR during the 0, clock cycle following
the positive-going edge of the CB1 clock. After eight CB1 pulses, the
SR interrupt flag will be set, an interrupt will occur (if enabled), and
shifting will cease. Thus the overall effect is to convert the serial
data at CB2 into a parallel byte in SR.

All this can but give a flavour of the power of the 6522. The VIA
must be a candidate for ‘the’ peripheral device in a small micro
system where there is only room for one such device. Now we turn
our attention to the Z80.

280

The Z80 was designed by a group of one-time Intel employees
who left and founded Zilog. The first product of this enterprise was
and is one of the undisputed successes of its time. In addition to its
definite technical advantages over the other micros of the time, it
also gave the necessary impetus to one of the original ‘standards’ for
small business computers by becoming the target CPU for CP/M. In
truth CP/M was originally developed for the 8080A, but with the
advent of the Z80 (a super-8080A, which does everything and more
that an 8080A will do, including run 8080A code), subsequent
CP/M developments tended to be directed more and more towards
this powerful machine. It is interesting to consider in passing how
many other of the processors which were introduced in 1977 are
still being used in new machines in 1986. A brief look at the design
of the ever-expanding Amstrad range soon shows that there is still
plenty of mileage left in this device.

So far so good, but what is it that made the Z80 such a popular
micro with system builders? One of the answers must undoubtedly
be the amount of software support which is available for the Z80. In
many ways this is an answer to the original criticism that the Z80
designers paid too high a price for retaining compatibility with the
then very popular 8080A . With the benefit of 20-20 hindsight, the
strong following which the Z80 gained from providing this 8080A
compatibility, also gave it the vital headstart it needed in the
second-generation 8-bit architecture race.

The Z80 runs from a single +5V supply, and uses only a single
chip to provide all of the functions necessary for the CPU. The pin
functions and assignments for the Z80-CPU are shown in Fig. 6.7.
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The Z80 features minicomputer-style I/O and vectored interrupts.
It has a large instruction set of 158 instructions, including the 78 in-
structions of the 8080A as a subset. These instructions provide
extensive facilities for string, bit, byte and word operations. Block
searches and block transfers, together with indexed and relative
addressing result in very powerful data handling capabilities.

Duplicate sets of both general-purpose and flag registers are
provided, easing the design and operation of control software
thorugh rapid context switching. The programming model of the
Z80 is shown in Fig. 6.8. There are essentially three groups of
registers in the Z80. The first consist of duplicate sets of 8-bit
registers; a principal set and an alternative set (indicated by the ’
suffix). Both sets of registers have an accumulator, a flags register
and six general-purpose registers. Transfer of data between these
duplicate sets of registers is accomplished by means of “Exchange”
instructions. The result is faster response to interrupts and easy,
efficient implementation of such versatile techniques as back-
ground/foreground processing. The second set of registers have
assigned functions: Interrupt Register (I), Refresh Register (R),
Index Registers (IX and IY), Stack Pointer (SP), and the Program
Counter (PC). The third group consists of two interrupt status flip-
flops and two flip-flops to identify the current interrupt status
mode. It is perhaps worth a brief look at some of the registers which
may not be familiar from looking at other micros.
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Fig. 6.7. 280 pin functions and assignments

Memory Refresh: This register provides a user-transparent
dynamic memory refresh capability. The lower 7 bits are automati-
cally incremented, and all 8 are placed on the address bus during
each instruction fetch cycle refresh time (i.e. when the RFSH signal
output is low). This can be used as a refresh address to the system’s
dynamic memories, thereby simplifying system design.

Interrupt Register: This register holds the upper 8 bits of the
memory address to be used in forming the 16-bit address to point to
the table of addresses for the interrupt service routines. This register
is used in servicing interrypts in mode 2, where the lower 8 bits of
the address are provided by the interrupting peripheral device.
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Fig. 6.8. Z80 programming model

Interrupt Mode: These flip-flops reflect the current interrupt
mode, which may be 0, 1, or 2. Mode 0 is the 8080 mode, whereby
the interrupting peripheral places an instruction on the bus. This is
normally a restart instruction which will initiate a call to the
selected one of eight restart locations in page zero of memory. Mode
1 is very similiar to the NMI mode, but it jumps to the code
contained at location 0038 for its service routine (whereas an NMI
uses location 0066). This mode is intended for non-Z80/8080
systems. Mode 2 is the flexible vectored mode described above,
particularly intended to use the Z80 family and compatible
peripheral devices most effectively.

Z80 PERIPHERALS

There are five major support peripherals whicH were designed
specifically for the Z80. Instead of numbering these separately, it is
common practise with the Z80 family to describe each device in
terms of the family name, followed by the functional acronym
(CPU, PIO, etc). Each device does, in fact, also have a conventional
(different) part number, e.g. the standard Zilog Z80 CPU is the
78400, or the Z8300 if from the low power family. The popular
peripheral chips in the Z80 family are described briefly below.

Z80-PIO: The PIO (Parallel Input/Output) operates in both byte:

I/O transfer mode (with handshaking), and in bit mode (without
handshaking). The PIO may be configured to interface with
standard peripheral devices such as printers and keyboards. Typical
part number: Z8420.

Z80-CTC: The CTC (Counter/Timer Circuit) features four
programmable 8-bit counter/timers, each of which has an 8-bit
prescaler. Each of the four channels may be configured to operate in
either counter or timer mode. Typical part number: Z8430.

Z80-DMA: The DMA (Direct Memory Access) controller pro-
vides dual-port data transfer operations, and also has the ability to
terminate data transfer as a result of pattern match in the
transferred data. Typical part number: Z8410.

Z80-SI0: The SIO (Serial Input/Output) controller provides two
channels. It is capable of operating in a variety of modes for both
synchronous and asynchronus communications. Typical part num-
ber: Z8440.

Z80-DART: The DART (Dual Asynchronous Receiver/Trans-
mitter) provides low cost asynchronous serial communication. It
has two channels and a full modem control interface. Typical part
number: Z8470.

CONCLUSION

This brings us to the end of our short series on the basics of micro
systems. We hope that it has given enough of an insight into the
workings of these fascinating machines to allow some sense to be
made of the huge volumes of application data now available on the
subject. As mentioned originally, a series such as this can hope to do
little more than provide a general introduction to the subject. From
here on the best course will depend very much how you wish to
make use of of the basic technology.

The cost of providing a particular level of capability, counter to
the natural law in most other spheres of endeavour, is likely to
¢ontinue to fall for quite some time to come. The applications for
micro system technology are generaily limited only by the ingenuity
of you, the designers, whilst the capabilities of the basic compon-
ents are constantly being improved. The future for this technology
therefore seems assured.

Photo illustrating the BBC Micro which employs a 6502 CPU
as the main processor, but may use a Z80 as a second
processor

TO COME: Next month in PE we will be outlining details of some
constructional projects which will employ both the 6502 and Z80
microprocessors.
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THE LEADING EDGE

RELIGION IN SPACE

Writing for a monthly magazine is al-
ways a gamble. There is a good chance
that anything written will be out of date
before it appears in print. Predictions are
particularly dangerous. They can be
proved right or wrong while the writer's
words are stilt at the printers.

By the time this appears in print, British
Telecom should have staged what it claims
will be the world’s biggest satellite hook-
up. {t's not for a pop concert; it's not for a
boxing match. It's for a round-the-world
religious event which was scheduted to be
held at the end of 1985.

In November British Telecom announced
that it was charging religious organisation
Campus Crusade for Christ “‘just under £1
million’* for what CCC called the “world's
first inter-continental satellite congress’”.
What the world needs most, said a CCC
spokesman, is an explosion of love.

So the event, scheduled for 93 public
sites through 52 countries at the end of
December, was christened Explo 85. The
idea came to 53 year old American Bailey
Marks while shaving in Germany. He says
God told him to use satellites. No kidding.
That's what CCC's press release says.

London firm Satellite Express was
booked to handle the ground stations. BT
International booked saven satellites to
ring the globe. The plan was for high
profile religious notables, like Billy Graham,
to preach in front of TV cameras which
beam sound and vision signals back to
London via the Telecom Tower in Maple
Street.

These would then be edited at Lime-
house studios in London’s docklands and
the highlights bounced back for display
around the world. The signals pass
through BT's earth stations at Goonhilly
and Madley.

BT had its fingers firmly crossed that
nothing would go wrong with the satellite
links. Although the land lines and micro-
wave links between the earth stations and
tower have back-ups, there is often no
reserve channel if a satellite link goes
down. Communication satellites are now
so fully booked that some signals are
carried by spare channels, leaving no spare
spares for back up.

CABLE NEWS

You may be wondering how American
TV station Cable News Network is reaching
Britain. Normally the US and Europe don’t
share cable programmes from a single
satellite, because the beams aren’t wide
enough.

In this case it is all done with one
satellite, but in a special way.

The signal for Ted Turner's all-news
station CNN is beamed up from Atlanta,
Georgia, in the 6 Gigahertz C-band to the
spare channel on the Atlantic Ocean /nte/-
sat VA-F11 communications satellite. This
sits at 27-5 degrees West over the Equa-
tor. On board the satellite the signal is
changed in frequency to Ku-band, at 11
Gigahertz. It is then ‘‘cross strapped’’ to
another transponder on the same satellite.
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This beams it down to earth in the direc-
tion of Europe.

Cross-strapping is an expensive exer-
cise, because, in satellite jargon, it *‘sterili-
ses’’ two half channels. Normally signals
go up in the C-band and are sent back
down in the C-band; or they go up in the
Ku-band and come back down in the Ku-
band. Cross-strapping means that only the
C-band up link is used with only the Ku-
band down link. The C-band down link and
Ku-band up link are wasted.

There is a great deal of talk in Britain
about satellite reception now that the
Government has agreed to license home
dishes and promised to make planning
permission easier. What peopie in the
business gloss over, is that some signals
are beamed down from /ntelsat V and
others from the Eutelsat /-F1 satellite. This
sits at 13 degrees East and carries British
pop programme Music Box, the general
entertainment programme Sky Channel
and French, italian, German and Dutch film
and entertainment channels. /ntefsat V at
27-5°W carries CNN as well as Premiere,
the Thorn-EMI fiim channel, the general
entertainment channel Mirrorvision,
Screen Sport and the Children’s Channel.

All these programmes are, of course,
intended primarily to serve cable stations,
so the signals are low powered. The
satellite transponders are running at 20W
or less instead of the 200 or more watts
needed for DBS, at 12 Gigahertz.

What this means in practice is that the
dishes must be large, usually 1-6 metres in
diameter. It aiso means that a viewer must
either choose between programmes from
Intelsat or Eutelsat; or they must have two
equally large dishes, each pointed on one
satellite; or they need a motor drive which
moves the dish from the direction of one
satellite to the other. A system to receive
from both satellites will cost the best part
of £2,000.

Note well, incidentally, the govern-
ment’s talk about relaxing the rules for
planning permission on satellite dishes is
confused. One government department,
the Department of the Environment, hasn't
been talking to the others, the Home Office
and Department of Trade and Industry.
The Dok is allowing dishes of 90cm dia-
meter, or less. The DTl and Home Office
are allowing people to receive cable sta-
tion satellite signals.

They are doing this because Britain’s
plans for DBS have gone phut. But 90cm
dishes are what you need for DBS. The low
power communications satellites which
distribute the cable programmes need
larger dishes that the DoE allows.

WRONG BLEND

It isn't only the government which is in a
muddle over satellites. | fear Robert Max-
well of the Mirror Group could come
seriously unstuck with his plans to broad-
cast a new TV channel direct into British
homes from a French satellite. His office
admits he has not yet even considered the
technical problems. They didn’t under-
stand my questions, let alone offer any
answers.

France and West Germany plan to go
ahead this summer {1986) with the ladnch
of two 200W DBS sateltites, 7V-SAT for
West Germany and TDF-1 for France. Like
the DBS satellites planned for Britain, but
now, sadly shelved, these will transmit
enough power for reception by 90cm
dishes.

Maxwell isn‘t buying a satellite. He is
renting a channel from the French govern-
ment for £6 million a year. The plan, says
his spokesman at the Mirror Group, is to
broadcast English language programmes
to an audience of 280 million people
across the whole. of Europe.

First problem for Maxwell is that he is
relying on the ability of satellite receivers
to produce clear pictures from inadequate
signals. The French satellite has a footprint
which covers France. Other countries wili
only receive mainly overspill signals, at
lower power.

Maxwell's office says he intends people
to buy their own dishes. Alternatively they
can use dishes which they have already
bought to receive cable signals from the
communications satellites Fute/sat and
Intelsat.

But Maxwell's office also says he will
broadcast in English language only and
teave it to foreign countries to dub on their
own languages. This is, of course, impos-
sible. How can people with %heir aerials
dub on different language sound.

Then there is the question of dish align-
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