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VISIT OR PHONE

OPEN 6 DAYS
A WEEK
ALL STOCKS
ON DISPLAY

HENRY'S
w
RUDIO ELECTRONICS -

EQUIPMENT ¢« COMMUNICATIONS e COMPUTERS » COMPONENTS

’—_T

SCOPES

{UK C/P £6.00
or £18.00 Securicor)

HITACHI

2 year warranty
ALL MODELS WITH
2 PROBES (Not V212)
¥212 Dual 20 MHZ 6 CRT
Probes see below

V222 &s 212 plus OC offset. etc

V223F Oual 20MHZ Sweep delay 52
All other models available.

HAMEG

2 years

warranty

HM103 Single track
10MHZ 6 x 7cm
display component
tester £167.00

HM 203 /5 Oual 20MHZ 8 x 10cm
display component tester. etc. elc.
HM 204-2 Dual 20MHZ. sweep
delay, ImV, component tester, etc

Also HMB0S Dual BOMKZ
SCOPE PROBES
. '\(

£299.00

£395.00
£445.00

£264.00
£365.00
£515.00

s=

X1—X10 switched.
£10.00 for all scopes.

CROTECH

3030 Single trace
1SMHZ companent

tester 9'5cm display .
3035 Single trace 15MHKZ 13cm £1 8 00
|5”) display component tester £1 98.00

3132 Oual 20MHZ trig 1o 40MHZ.2mV/div 130mm (57|
display. algebraical add/sub Reg OC 0/P's - SV AQ =

£297.00
1 o

12V. Built-in companent cnmparalov

SCOPEX EEE J

14D15 Oual 15 MHZ 5 tube
TV SYNCH Z M0D £325.00 |

F8 As above plus fitted ————— )

0.2HZ 10 200 KHZ Function Generator £425.00
THANDAR =J=
2 year warranty Yl
SC11DA 10MHZ battery
portable 32 x 26mm displav
with baiteries £165 00

UK post. etc. £1.50(

OPTIONS Carrycase £5.95
AC adaptor/charger £6.95  Nicad pack £11.00

DIGITAL MULTIMETERS

HANO HELD MODELS 3
Controls S=Slide R=Rotary g
PB=Push bution o
All leature AC/0C volts.
0C amps (many with AC
amps) ohms etc. UK C/P 65p) *WITH CARRY CASE
*KD25C 12 range 0.2A OC 2 Meg ohm|S) £24.30
*KD305 14 range 10A OC2 Meg ohm(S) £25.91
K D3I0C 2 range 1A AC/0C 20 Meg ohmiR] £37 13
*METEX 3500 30 range 10A AC/0C 20 Meg
ohm [R) £36.75
* METEX 3510. 30 range 104 AC/0C. 20 meg ohm
plus Hfe tester plus cont. tester (R) £40.45
601028 range 10A AC/0C 20 Meg ohm(PBI £37. 83
% KDSS5C 28 range 10A AC/0C 20 Meg ohm (RI£38.70
* K0615 18 range 10A OC 2 Meg ohm plus Hfe tester
A

(A}

7030 As 6010 but 0.1% basic (P8)

HC 5010 31 range 10A AC/QC Conl buzzer 20 M

ohm (R) .43
+* DM3350 Autorange plusi cont. tester 18 range

10A AC/0C 2 Meg ohm {R] £43.4
* 0 M2358 Mini aulorange plus conl. tester IQ range

10A AC/0C {20A Max] 2 Meg ohm {PB| 60.83
+* 3100 Pen type auto ranging AC/0C v 20 Meg
ohm ¢« buzzer £41.54

SOAR MES540 Manual/Autoranging plus cont buzzer
19 range 10A AC/DC 20 Meg ohm (R) £4154
METRIXHAND/ BENCH PORTABLES (ITT)
{Size 188 x 86 x SOmm Rotary controis)

MX522 3% digh LEQ 21 ranges 10A AC/0C

2 Mag ohm sax|c05%IR1 £67.
MX 562 3, digit LED 29 ranges 10A AC/DC 20
Meg ohm Basic 0.2% Plus continuity tester [R) £95.00
MX563 True AMS 3 digit 30 ranges 10A AC/0C
20 Meg ohm. 20HZ 10 30KHZ 0.1°; basicIR|£155.00
MX575 4V, digit True RMSm 21 ranges 10A AC/0C.

LCD GOUNTERS vk c/p & ns a5y
THANDAR batiery portabie 8 digit LCO counters

Size 255x 150 x 50mm. Complete wilh batteries.
Optional: Carry case £5.95 AC adaptor £6.95
TFO40 10HZ 1o 40MHZ. 1 HZ Res. 49mV sensitivity. £120.00
TF200 10HZ to 200MHZ 1ppm res 10mV sensitivity.

many features. A&B inputs, efc. £165.00
TPB0OO BOOMHZ prescaler (Powered by computer| £45 00

TP1000 1 000MHZ |IGHZ Prescaler with power supply £65.00
PFM200A Pocket 20HZ to 200MHZ LEQ counter 0.1HZ res.

ZalinN

10mV. sensitivity £69.50
NEW TF600 LED 600 MHZ counter £132.50
S22
GENERATORS e
Function and Pulse (UK C/P 65p| AN

THANDAR bench mains portabie. Size 255 x 150 x 50mm
Qptions: Carry case

TG101 0.02KZ 10 200KHZ function. sine. square. Inangle.
Varfable OC oftset. TTL 0/P Ext. sweep mode. Variable 600
ohm 10V pp £105.00
TG102 0.2HZ 10 ZMHZ lunction. Sine. square. triangle.
Variable OC ofiset. TTL O/P. Ext. sweep mode variable 600
ohm0/P. 10V PP £155.00
TG 105 5HZ to SMHZ pulse. TTL and Sync 0/P. Variable

50 ohm Q/P. Free run. gated or trig. modes. £105.00

T500 series in stock.

LCD & LED MULTIMETERS =
(UK C/P 65p)
THANDAR BENCH PORTABLES Size 255 x 150 x
?_Omm Oplion: Carry case £6.84

M355 3%, digit LEQ. 29 ranges. 0.25% basic.
100mV res. 10A AC/0C. 20M ohm ’ £85.00
|AC adaptor option £6.95}
TM 356 3'- digit LCO 29 ranges as TM355. 3000 hour battery
lile (supplied) £95.00

= HC1015 15 range pocket 10K/Volt
1 meg ohm £7.78
HM102BZ" 22 range 20K/ Voll 10A0C
plus cont. Buzzer 10 Meg ohm £12.61
ET1J3000 20 range 30K/V
12A 0C 12 meg ohm £18.26
NHS6R" 22 range 10K /Volt 6Megohm  £11.26
830A° 26 range 30K/ Volt 10AC/0C 10 Meg
ohm

f 360TR" 23 range bench 100K/ Volt, large scale,

10A AV/0C plus Hte tester. 10Megohm  £39.13
AT2100° 3! range de Juxe 100K/ Voit 104 AC/0C.
100 Meg ohm £30.3
AT1020° 18 range de luxe 20K/ Volt plus Hie
tester.5 Meg ohm

ASC11
KEYBOARDS

69805 Compact, 64 key
+ 5 tunction keys. Hall
effect keyboard with
reprogrammable [2716) ASCIl oulput d ecoder
EPROM Steel key frame for good rigidily. Negalive
going strobe. Requires +5 volt «12 vall supplies

| (UK C/P£1.00) £21.70

2070 COMPACT 58 KEY ASC11' KEYBOARD

Contactiess capacliive high relability keys. Full 128
ASCIl codes.Stesl key frame for positive rigidity.
tmS sirobe. single +5 voli supply. Repeal key. conirol
and caps. lock. £28.26 (UK C/PE£1.00|

YN360TR" 19 range 20K/Voli plus Hle lester
1 Meg ohm £13.
KRT5001° Range doubler 35 range total 10K/ Voll
104 OC 20 Meg ohm £19.09
ST303TR" 22 range 20K /Volt plus Hfe tester 12A

0C 1 Meg ohm £18.26
Metrix [ITT) Professional series in stock, ask lor leallet.

[
oL ARG, ;(:ﬁgﬁguf'h,f.'f,'; %I(I:g 20 ranges. 0.1% basic. Range*s:ﬁabuve
ANALOGUE MULTIMETERS | LED COUNTERS s L]
General range (*mirror scalel (UK C/P 65p| {UKC/P 65p| ZlnN

METEOR mains or baitery portabte 8 digit LEO counters
Size 219 x 240 x 98mm. SmV sensilivity 0 1HZ resolution

100 5HZ to 100MHKZ £95.00

600 5HZ to 60OMHKZ A&B inputs £125.00

1000 SHZ to 1000MKZ (1GHZ) A&B inputs  £165.00 &

Options: 6NiCA0S £10.60 RF pickup Asrial  £7.75  (AC adaptor included)
FUNCTION GENERATOR =

(UK C/P 65p) L/

JUPITER S0O Function generator 0.tHZ to S00KHKZ or better
Sine. square. triangte 0/P to + 30 volts. TTL 0/P. OC offset «
15V variable. Ext AM and sweep lacilities 220/240V AC

operated. £110.00 S

COMPUTER POWER SUPPLY
Swilched made. Stabilised. Seif protecling S/C
protected, stc, 220/240V AC + SV 3.3A +12V 244
40%cycle -5V 0.5A -12V (.5A. Suitable Apple
replacement (UK C/P £1.50 £50.00

ITT 2020 CABINET

Professional computer case
with kevboard cutout. 18" x
155" x 4.5" [front slopes)
Ideal tor single hoard -
computers like the Nascom or Gemini Multiboard (3
cards. etc]. Very heavy gauge (.25") plastic with
metal base. Attractive silver grey finish.
(UK C/P £1.78)

£19.95

VARIABLE POWER
SUPPLIES

220/240V AC input (UK C/P £1.00}
PP241 single meter. A/ V switch.
0/30V 1 amp £33.00

PP243 3 amp version £52.13
230N Twin meter 0/30V 1A £97.00
330N 3 amp version £175 .00

2302 Dual B/30V 0/2A twin meter plus fixed 5V 1A
also pulse generator £230.00

COMPONENTS R TOOLS m ACCESSORIES
LARGE RANGE IN STOCK
Tel: 01-723 1008 for smail or large quantities.

DIGITAL CAPACITANCE 5= auDIO AND RF
PIENER />3 GENERATORS
DME013 0.1 pt to 2000 mtd LCO B
ranges 3'% digit. £60.43 (UK C/P 65p) I‘Ul',(oc'g’ £1.00)
CM200 Bench version 47 digit LCO 1 pfto /P
2500 mid 6 range  £89.00 (UK C/P £1.00) R S |
LEADER LAG120A Sband 10HZ to TMHZ to 0.3V
RMS inlo 600 ohm 0.05% gist sine/square £155.00
ACGCLAMPMETER LEADER LAG 125 5 band 10HZ 1o IMHZ10 03V
0/3004 0/600VAC0/1K ohm (\ AMS into 600 ohm sine/square/burst signals 0.03%
Total 9 ranges with carry case and (| it £330.00
lead TRIO AG202A 4 band 20HZ 10 200KHZ 10V AMS
ST300 £30.87 (UK C/P 65p) 0/P 0.5%dist CR 0SC 0/10V pp 0/P £89.00
YF501 Electric insulation tester £71.74 e
RF
TRIO S6402 6 range 100KHZ 1o 30MHZ IF0.1V
DlGlTAl THERM“METER AMS Int/ext mod £72.00
Pocket size LCOthermometers comptete with LEADER LSG17 6 band 100KHZ 10 150% HZ (96 to
battery. Acceptany type K probe 450MH2 to Harmanics) RF 0.1V RMS Int/2xt Mod AF
[UK C/P 65p} 1KHZ 1 volt (1MHZ Xtal optionat£3.00) £115.00
TH301 LED -50 1o -750 C1°C
resolution with thermacouple £59.50
TR DIP METER
LEAFLETS AVAILABLE FOR MDST ITEMS SEND 1.5t0 200MHZ 6 band
LARGE SAE {UK 25p} for latest catawogue. (UK €/P 65p)

SUPPLIERS OF ELECTRONICS FOR EVERY PURPOSE |

301 edgware Road. London, W2
Test Equipment, Audio, Communications 0}

04 edgware Road. London, W2
Computers 01-402 6822 « Equipment 01-724 0323 » Components 01-723 1008

ORDER BY POST OR PHONE

l]p 1o £1000 inslant credit
Availabte Ihrough Lombard Tricity Finance

Official orders welcome.
(Subject to confirmation)

ALL PRICES
EXCLUDE VAT

724 3564

LIV IR OIVRIINE Al mail to Cubegate Ltd, 1st Floor, 406 Edgware Road., London W2 1ED ~

CIRCLE 1 FOR FURTHER INFORMATION




CIRCLE 17 FOR F

TF600

Bench/Portable: large 8 digit L.E D. display; Frequency range 5Hz to
B600MHz: Resolution 01Hz: Senstivity 10mV rms. Timebase accuracy
2ppm: Battery or mains: Complete with mains adaptor.

TF200

Bench/Portable: 8-digit Liquid Crystal Display: Frequency range
10Hz-200MHz: Resolulion better than Tppm: Sensitivity typically 10mv
rms: Timebase accuracy 0.3ppm: Battery ife 200 hours; Frequency
lime average period. totalize & reset; 2 ranges, 5 gate tmes: External
clock facility: Complete with batteries

TF040

Bench/Portable: 8-digit Liquid Crystal Display. Frequency range
10Hz-40MHz: Resolution 1Hz; Sensitivity 40mV rms: Timebase
accuracy 05ppm; Battery life 80 hours. Freguency. totalize and reset
2 gate times: Complete with batteries

PFM200A

Pocket size: 8-digit L.E.D. display. Frequency range 20Hz-200MHz;
Resolution 0.1Hz; Sensitivity typically 10mV rms; Timebase accuracy
2ppm: Battery life 10 hours. Frequency. 2 ranges. 4 gate times
TP600 PRESCALER

Freguency range 40MHz-600MHz; Sensitivity 10mV rms: Powered
direct by TF200 or TFO40 (leads supplied)

TP1000 PRESCALER

Freguency range 100MHz-1000MHz: Sensitivity 25mV rms: Will extend
TF200 and PFM200A capabilty beyond 1GHz.

For further information contact

Thandar Electronics Ltd. London Road. St Ives. Huntingdon. Cambs PE17 4HJ
Telephone (0480) 64646 Telex 32250

%% thandar

ELECTRONICS LIMITED

URTHER DETAILS.

METER PROBLEMS?

137 Standard Ranges in a variety of sizes and stylings available
for 10-14 days' delivery. Other Ranges and special scales can be
made to order.

Full Information from:
HARRIS ELECTRONICS (London)

, Phone: G1-837 7937
138 GRAY'SINN ROAD. W.C1 Telex: 892301

CIRCLE 12 FOR FURTHER DETAILS.

IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING
PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI-
TIES OF COMPONENTS BECOME REDUNDANT. WE ARE
CASH PURCHASERS OF SUCH MATERIALS AND WOULD
APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE.
WE PAY TOP PRICES AND COLLECT.

R.HensonLtd.

21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Tally Ho corner
Telephone 014452713/0749

CIRCLE 56 FOR FURTHER DETAILS.
ELECTRONICS & WIRELESS WORLD FEBRUARY 1985

E.M.S. POWER
SYSTEMS

“‘\\%a

Solve all your Power Problems by contacting
E.M.S.

E.M.S. specialise in systems to eliminate your
power problems.
Products range from 35VA switched square wave

Power Packs to 1KVA fully uninterruptible sine
wave systems.

E.M.S. also manufacture chargers which range up
to 60 amps.

For further details please contact:

E.M.S. Manufacturing Limited
Chairborough Road
High Wycombe
Bucks
Tel: (0494) 448484

CIRCLE 47 FOR FURTHER DETAILS.
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MC1307P 1.00 SN76544N 2.65 | TBA520  1.10 1Da%s2 e | 7808 0.60 D9-120 45,00 M23-112GM 55.00 VB007Dk g
MC1310P 1.50 SN76570N 1.00 | TBAS520Q 1.10 TDA2523 295 7815 0.65 010:210GH 45.00 M23-112GV §5.00 5o
MC1327  0.98 SN76650N 1.15 | TBA530 1.10 : D10°210GH68B 65.00 M23-112GW 85.00 \éggggevw B0
- BD204  0.70 BFR39 023 | RCA16335 0.80 D10-210GH72 65.00 Mz3 Hgf@ 500 v e300
MICONDUCTORS BD222 Q.46 23 | SKESF 145 D10-230GH 35.00 - - 59.00
BRR&0 O 29 0,40 D10-230GM 35.00 M23-112W 55.00 V6048CLA
AORE  ise LESTAL, i BDase a8 | CALTR. }IP%SC 0.42 D10-293GY/90 55.00 M24-120GM 59.00 V6048f 65.00
ACI26 045 | BC174A 009 | BDAZS D40 | @ERS1 025 | ppgel gl D13-27GH 4950 M24120GR 59.00 V6048, 4900
AC127 0.20 BC177 0.15 BC232 0.35 BFRS8 0.30 TIP31E oiss 013.30GH 49.50 M24-120LC £9.00 V6052GH 65.00
A1 gC17s 015 | BDZI D33 | BFR% 150 | oy oaz D13 33GM 4900 M24-120WAR 59100 V6052GR 65.00
AC128K  0.32 BC182  0.10 BD234 035 BFRI1 175 | 16338 095 D13-47GH/26 §6.00 M24-121GH §5.00 V6064BLA 65.00
ACIA w028 EErAly i Eoze Kt BFT42 035 | np3ag 0495 D13 47GH/34 55.00 M24-121LC 59.00 V6064BP31 55.00
AC141K  0.34 BC183  0.10 8D237  0.40 BFT43 035 | yos g4s D13-51GL/26 85.00 M24-121WA 59.00 V6064CLA 55.00
AC142K  0.30 BC183L  ©0.09 | BD238  0.40 BEwsy  0gs | JPa1A 045 SRl psion || MaZ iz g VEORSGH 2500
A BClgalo 00 | B 0ss | Bm 030 TIP42C 047 D13-450GH/01 55.00 M28-12GH 55.00 V6070P31 49.00
ACI76K 031 8C204  0.10 BD246  0.75 gFxas 026 | 1P Ry D ali/ag 26100 M2812LC 55.00 V7016A 65.00
aC187 025 | BC2078 o013 | BD376  0.32 BEX8s 032 7 I DizanGH = Moo o700 V7030 59.00
AC187K  0.28 BC208B  0.13 BD410  0.65 BEXBE  0.30 }ngg g.gg Diajseaai] = MBS 39100 V7031GH 5300
AC188 0.25 BC212 0.09 BD434 0.65 BFX88 0.25 | T:FP’MZ 1% D13 610GH 5900 M28-13GR 49.00 V7031/67A 59.00
AC188K  0.37 1 BC212L 009 | BD437  0.75 BEYs0 021 | [Ptz 178 DIolasH, oS0 M26.13WA 49.00 V7035A 4900 |
ADY42 079 BC212LA 0.09 BD438  0.75 ‘ BFYST  0.21 ! Diae10oN A 28 11GR 55100 V7037GH 45.00
AD143 0.82 BC213 0.09 8D520 0.65 | pgrysy 0.25 nzgggg ggg DI iam Sale M28.132GM 56.00 VB8004GR 65.00
AD14S  0.70 BC213L  0.09 | BD538  0.65 BFvso 077 | TIP3 08 D13 611GM 5900 Wi B VE008GH 65.00
ADE1 039 \ BC214  0.09 BD597  0.95 \ Bivas 175 | ISt 020 DISE0GH o0 2o 2100 VBI04 85.00
AD162  0.39 BC214C 009 | BD701 125 BRI00 028 | L1061 150 D1jpi200H S0 M OTGH 2800 28P1 9.00
ADI61/2 0.0 8C214L 009 | BD702  1.25 BRIOT 049 | 2N2N0C 450 pragsochl 2500 a1 1820R R5700 3P 1350
AL 050 | BC2y78 009 | BL7O7 097 BR103 ~~ 0.55 | 9N2905  0.40 D14-172GH/84 59.00 M31-182GV 53.00 4EPy s0.00
AF114 195 BC238 009 | BDX32  1.50 BRCA443 115 s 040 Dids1720H 5900 S eaw esioo WP 18.50
AF121 060 BC239 012 | BOVS? 165 | grio0a/02085 | aNI9cs  o'ag D14 1racy 25,00 M31-184W 65.00 3H/0BM 55.00
AF124 085 BC261A 012 | BF115  0.35 143 | N304 059 Diagi72Cy i M31.184GH 65.00 5BP1 so0
AF125 035 BC252A 0.15 | BF113 085 ‘ Briie 120 | 2N305s 082 DT B AT sae 500 | 5BHPI 30.00
AF126 032 BC258 025 | BF127 039 BT1® 315 o1z DiasTIcN s300 M leecivR b 2BHPYFF 50,00
AF127 0,65 BC2584 039 | BF154 020 BT120 188 ‘ aN37o3 oAz P . ssi00 Malgiass! e Eiak 000
AF139 o040 | B8C284 030 | BFISE 022 ' BUls  1es | 2N3T04 042 DIagIsIGH/E £5100 WL o oi00 Rer 3000
AF50 060 | BC300 030 | BFRIED 027 | ‘ayjop 189 | W78 047 D14181G0 5500 | M31-190GR 55,00 6EP7/S 39.00
AFI78 195 BC01 030 | BF67 027 | pguja 125 | 2N3706 032 Dia181aM 5300 M31-190LA 55.00 138P1 1350
AF239 042 BC03 026 | BFI73 022 | giips 125 | 2M308 01 D14.181GMS0 5900 M31-190W 59.00 138P4 1750 |
AUT06 450 BC3078 009 | BFI77 038 | Rizs 160 | 2N3733 9.50 : R 23100 owra o0
AUI07  3.50 8C327 010 | BF178 026 BU204 155 | 2N3773 275 D14.182GH 59.00 M31-191GR 59.00 324/1085 69.00
AUMI0 450 BC328 010 | BFi79  0.34 8U205 130 | 2N3792 135 D14.182GM/98 65.00 M31-191GV 55.00 88D/898/89D/89L 15.00
BC107A 011 BC337  0.10 | BF180  0.29 BU20s 139 | 2Naa27 195 pipascy o LIRS Ss1v0) 73 39.00
8C1078 0.1 BC338 009 | BF181 029 BU208A 152 | 2Nadsa 118 Dis;2000E N 83,00 MITiaoW o100 156 39700
8C108 010 BC347A 013 | BF182 023 pofotn yas ‘ 2NS204 042 D14-20064 g5 W, ol LA 25100
BC108A  0.11 BC461 035 BF183  0.29 BU326 120 | 2N5296  0.48 D14-210GH 75.00 M31-210GH 59.00 9442E1 80.00
BC108Ry 02 Bcae 020 | Bris D20 | BUa7 124 | 2NS298 0.0 D14-270GH/50 75.00 M31-220W 5900 '95447GM 75.00
BCI0YM (010 Beez7 020 | BRise 073 | BUsoo 225 | 2NBd36 095 D14-310W 110.00 M31-270GY 65.00 95449GM 75.00
Bioee 01 Bcats 010 l B%e 0N | BuUs6  vmo | 2sams o0 D14-320GH 85.00 M31-271P31 65.00 7709631 78.50
BCigooC 0.12 - - BUSO; 225 . R M31-271GW 65.00
BC114 011 ‘ BC549A 010 | BF19%6 0.1 BUvess 170 | 28Ca% 080 g:g'ggggm%ﬂ £5.00 MaL2IIC) s5'00 ELECTRO-OPTICAL |
BC1i6A 0.5 BCS50 014 ‘ BF197 0.1% MJ3000 1.98 2SC1096 0.80 D14.340KA 45.00 M36-12W 75.00 95025 25.00
B8C117 0.19 BCSS7 0.08 BF198 0.16 MJE340 0,40 28C1106  2.50 D16-1OOGH 66.00 M36-141LA 75.00 95588 25.00 |
BC119  0.24 BC5578 008 | BF1S3 014 MIES20 048 | 25CM72Y 220 - X et Yoo e 10 .
40 D16-100GH/65 69.00
T (e v T | Br%  loe EAER ‘ E i D16-100GH/67 65.00 M36-141W 7500 | Pa231BAM 1900 |
d . goos MPSAS2 b B T L 75.00 |
BC140 031 BD11S 030 | BF245  0.30 l MEeoss 348 | 2561307 150 D16-100GHE7A 75.00 Mae-170.G 2 “WIREWOUND RESISTORS l
By oS BD1I6 080 | Br2ss 028 MRF4504 12.50 | 25C1364  0.50 D16-100GH/79A 75.00 38 101GH 65.00
BC142 021 BD124P  0.59 BF257 028 MRF453 17.50 | 2SC1449  0.80 - M38.103GR 65.00 & Watt SRE-10K  0.20
D16-100GH97 65.00
L | ERED B (K] R MRF454 23.50 | 25C1678 125 D18-130GH 85.00 M38 113GH 65.00
BC147 0.09 BD132 0.42 BF259 0.28 \ MRE455  17.50 2SC1909 145 60GH 69.00 M38-120W §5.00 7 Watt R47-22K  0.20 ‘
BCiim 009 e 0% | B oh MRFa7s 250 | 251945 2.8 D21-106H 65.00 M38-120WA 65.00 | 11 Watt TR5-15K  0.25
BC148A  0.09 BD135  0.30 | BF273 018 MRLATS (230 | 25C1953 095 Dz1-10H oS00 R g3
el 85 1 B 0% | By 0w ‘ oCiew 250 | 2301967 0.80 Do 10D 69.00 M38-121GHR es.00 | 17 Watl TR-15K  0.30
BC149 . BD137 . L g 25C1969  1.95 - B # 500 [ d
BC1S7 012 BDI 030 | s ox | GEEH %5 | 2sCaom i1 DG7: S IRt oN o VALVE AND CRT BASES
BC158  0.09 BD13 032 | BE3S 037 | o092 075 | 25c2000 135 D876 .00 e 6500 1 esp 50 | 8138 o
BC159 00 | BDDM0 030 | BFIEZ 038 | Jeds  ggg | 25C2078 145 e 25.00 M38.140LA 65.00 |B7G 015 | B14A 3.00
Bl 028 | DMl o | mran oz | OO ods | 23C2L 0% | oo asop | Masiaia §500 | B7GSKTD 0.25 | 12PINCAT 095
i - i oc7t 056 i ] | f i
8C1708 015 | BDISS 065 | BFas4 019 e 050 | 25C2166 195 3:373} T M38.142LA 65100, Baﬁ 0.70 gg}/LSLTOR g‘gg |
el 009 BOI6O 5ol fl_B4Z2 g, Ri008B 145 | 25C2314 0.80 jlies ReTo0] M38-340P31 6500 | B8 0.70 :
BC171A 010 BD166  0.55 | BF457 032 Azl W 25C2371 036 DP7. d MR 800 |een 025 | SKew  35.00
BC171B  0.10 BD179 0.2 | BF458  0.36 2SD234  0.50 DP7.6 35.00 BOASKT 040 | UXS 175
R2322  0.58 8 35.00 M38-341P31 85.00
BC172 0.10 BD182 070 | BF459 036 N2 195 DN13.7 i ;
BC1728  0.10 BD20]  0.83 | BF467  0.68 R2323  0.66 } 35K45 095 F15.101LC 49.00 M38-344P3y 65<g° BSG 0.75 | UXT 1.75
BC172C  0.10 BD202  0.65 [ BF595 023 ’;%%%334 f,‘@% 38K88 0.5 £16.101GM 56.00 M40-120W 59.00 |gi0B 0.20 | CANS 0.30
BC1736  0.10 ‘ BD203  0.78 | BF597  0.25 d TTONUNITS
DIODES Tvsos o4 | Weawe 550 | LINEOUTPUT TRANSFORMERS EHTMULTIPLIERS VARICAP TUNERS PUSHBU
BY208-800 0.33 | IN4001 004 [T 6.35 ELC1043/05 MULLARD  B.65 79
e ew | DiEeRiR R G [mEmL 1 o (| GCRERMIIR 1F | mamageow  gn
AA119 008 BY223  0.90 | INAOOA 005 i 896 0321 8.25 WA b
| DECCA 1730 8.95 | PHILIPS GBS50 PHILIPS G8 {550) 6 .49
BAle 018 | Bvasoaoo0d | INaoos o0 |DECCA2730 8.25 | RANK T20A 6.91 U322 8.25 i
o & 7 b I 7.57 3
Bé  on | Banooaz | N oos |SECIMS 1eae | THoRN a0 ° Ea0 POTENTIOMETERS | 20MM QUICK BLOW FUSES |
Bt 0% | Broblmoa | iNass 010 | GRUNDIG 50106010, 2222.5011-601113.45 | THORN 9000 8.00  STANDARD VERTICALPOTS 012 | 100MA 3p each
. 2 g 0 8.20 | UNIVERSAL TRIPLER 5.45 | MIN. VERTICAL POTS 0.2 | 200MA — SAMP 5p each
BA157  0.30 BYX55-6000.30 | IN5402 0.4 825 SANDARD
BAX13 004 | BYX71-600 130 | INs403 o012 | [T CVE30 8.50 RIZONTAL POTS 052 GEF
BAX16  0.08 | BZY95C30 0.35 | IN5406 043 |F - REPLACEMENT HORIZON 12 | 20MM ANTISURGE FUSES
BB1058  0.30 €S48 450 | iN5d07  oqe | PHILIPSGS 8.99 MIN. HORIZONTAL POTS 012
i y : PHILIPS G11 13.39 | ELECTROLYTIC CAPACITORS | CONVERGENCE PRE-SETS  0.30
BrISL Q79 | CS108 84S | INoAO 048 | pypgg 10.95 SUIDERS LOG 048 | 100MA —80OMA 15p each
Bvize 020 | 0Ad7 009 1 TT44 004 | ppyTo0a 12,40 | DECCA 30 (400-400/350V) 2.85 | &\ IDERS LINEAR 048 | 1A—5AMP 12peach
BY127 on 0A90 0.05 TT923 035 [ B oM e g0t g DECCA B0/100 (400/350V)  2.99 L b
BY133 015 ‘ 0A%1 0.06 | ITT2002 0410 O ety o abE ceaG700 . SPARES & AIDS
M S Azed LT | —— THOAN 1996 50 | (200-200-400-350V) 3.56 - 79 PUSH PULLMAING SWITCH ~
avs  oss | haion  soo |ZENER DIODES) TrOmASceo 95 | i h00dooy) o | FRekgEn o 0:82 | (DECCA, GFC, RANK, THORN
53133 035 .'S%é‘? 200 | BZX61 Series 015 | THORN 9800 .40 | PHILIPS G8 (600/300V) 2.25 SOLDA MOP 064 | ETC) l-gg
BY199 040 IN3ER  5.00 | 8ZY8S Series 0.10 | THORN MAIN TRANSFORMER PHILIPS G9 (2200/63V) 119 SWITCHCLEANER 0.79 | PYEIF GAINMODULE 8.99
ol | : eries 819 | 3000/3500 .70 | PHILIPS G11(470/250V) _ 2.35 WD40 1.25 | ANODE CAP (27kV) .
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PHONE P. M. COMPONENTS LTD TELEX

0474 813225 SELECTRON HOUSE, WROT
, HAM ROAD 966371
3LINES MEOPHAM GREEN, MEOPHAM, KENT DAI30OQY PMCOMP

M8161 850 | (0595/10 .85
: i K26 95.0 6ARE 395
A SELECTICN FROM OUR ‘ Melo2 550 | QS108/a5 4.00 ucez 178 | e m Tooo | eaSs 180 | onoot  Je | s M | BR
STOCK OF BRANDED VALVES M8190 459 | Q235150715 695 | Ura2 115 | 3A/108A 9.00 | 6ASE 250 | 6U4 215 | 12K8 110 | 866A
— MBlos  sso | QOS150/30 115 | UFB0 080 | 3A/1098 11.00 | BASIG 450 | giawa 395 | 12SAZGT 100 | 872A
| M8196  5.50 85150/45 7.00 UF8S 1.20 3A/1108 12.00 6ATE 075 | g5 250 125G7 475 873
A4 1850 | EBCBI 150 | gisig  pes | M204  sso | 331209 353 | Ure9 250 | 3A/141K 11.50 | 6ATS 175 | 66 065 | 12SH7 100 | 884
A1834  7.50 | EBC9O i M8223 4. Qs1202 3.95 L44 3A/147J  7.50 | 6AU4 2,00 128K7 f
090 | ELg02 365 50 | Qs1203 415 | o 350 | JlerM 1000 | 6AUS 095 | ojSeA 395 ool 1 3%
A1998 1150 | EBC91 050 | EL821 g5 | MB224 200 | ngi5nc  gge | ULB4 0.85 R 3es | eave 032 | 6JE6C 495 | 12347  0.60 | 931A
A2087 1150 | EBFB0  0.65 | EL822 1295 MB225 350 - uus 3.50 : : 6Ju8 250 | 12SN7GT 185 | 954
AZ14 1495 | EBFES 068 | EMSC  'sss | MEl01 2950 | Q51206 105 yy;  gge | 343 385 | BONBA 20 | eisec s | 1237 150 | 95
A2293 850 | EBFBS 095 | EMa 800 | MENO2 2950 | osios gso | OUR 300 A5 o35 | BAc  09s | &7 415 | 12SQ7GT 150 | 958
W79 3750 | EBres 035 | tMa  oye | MAd 350 | Qe 200 | Lves G0 3R 3% | Ghasa  am0 A v 0 | s
A200 5o | EBLI 250 | Emss  1es | MHLDE 400 | O30 50| vassask 382 3.00 | 6BABA 350 | gng 550 | 1309 320 | 1625
A3042 2400 | EBL21 200 | EM85 395 | ML4 aso | 3521 a%0 25000 | 384 7.00 | 6BCE 100 | ckme ;':3 13DE7 250 | 1626 X
A3 2400 | ECS2 075 | EM87 250 | MS4B 550 20 | yo38a/1K 37 4.50 804, 150 : 13DR7 295 | 2050W  4.50
e oy Kl EMes MO yeo | 091213 500 | 3824 1000 | 6BD6 250 | 6KT8 295 2050 395
AC/THI 400 | ECBO  9.50 890 | Mziwoo1zs00 | 981215 210 295.00 | 36 ) 6BE6 072 | 6L1 250 | DEM7 350 5545 g
i i EN32  13.50 : Q51218 5.00 | v240C/2K 24.00 | gges 150 | 6LIS 315 | 1487 1.00 grog
ACT22 69.75 | EC81 7.9 | EN91 110 | N37 1250 | QU379 3B28 1200 | ggg; i : 17DW4A 295 | 404A  10.95
AHz21 3900 | EC86 100 | ENg2 450 | N8 985 oo 225.00 | 376 150 66 3.00 | 6L1g 395 | 45 927
AH238 3900 | EC88 100 | s i Ons oo | Quo312 495 | vaarc/1K : 6BHE 195 | 66GC  2.95 WER mo;85 [
ae? %300 | Ecso  vi0 | SO M85 oaawa 1se | Qu0s25 178 wsoo | 3Gl ,a00 | GBHE 150 | 6l6GC(GEI3 98 e | wm
b i - 5 -20 29.50 V2464A/2K - BJ6 1.20 1 - 4313C 4.00
AN teon | ECSL SS0 | Ever o s | 9A3 230 | qvosiog X oo | 386 150 | gAKe 400 | aloso  oee | 19AU4GT 250 | 43280 900
ARP34 125 | EC3 150 | cves : OB2WA 125 145.00 | v333  3s0 | 3CN3A 250 | 6BK7A 195 | 6lF6 450 | (933 1100 3612 250
ARP3a 125 ECO3 180 | eves  1s0 | OS2 12 | quazsonasioo | vass  12o0 | 3CS6 095 | GBMS 0S8 | e 250 | Ignd 233 265l 250
ATPa. 280 | EC® 110 | Eveer see | OC3 so | Qydizs asse | visem wess | 32N 230 ) BAMA 188 r 6LQ6 495 | 190 3350 | 5684 195
d ! q f ] VP : i 6 165 : 00 | 5663 1.95
AX50 550 EEE‘%‘;‘) 1200 | Eves o085 | 003 0 | QYa 400 7195 | veis  3oe 306 4.50 l 6BN7 450 | SnjgT ooy | 2042 1050 | 5670 3.25
AZN 4.50 d EYal 5.50 d R10 4.00 i 3D21A 2950 | 6BNS 2.35 ‘ i 20D1 0.70 5672 4.50
ECC33 350 | Ey500 OMSB  3.00 VR75/30 3.00 6P15 150 :
Az3 250 | Eeces 330 | Evswoa 1so | VBR300 | R 1200 | vt Y 305 | 3022 1950 | 6BQ5 075 | ghss  4gg | 20WF6 350 | 5687 450
By o0 | Eose 3% | ev I 150 | VRise/30 Jog | 3E22 4950 | 6BQTA 072 | ghae 4o | 20UT 0.95 | 5692 350
BS450  67.00 | EZ35 0.75 ORPSO 398 R18 250 VR150/30 145 | JEH7 195 | 6BLIGTA 395 00 | 20p1 0.55 5696 2.75
BS810 5500 | ECC81 Soecial 40 275 : R19 250 | yTs2 p 3E47 6BL8 o.es | P28 200 | 20p3 060 | 5704 350
BSg0 200 | Gualty °G%s | Ez&1 275 | ORPI3 1200 | gy 120 250 195 | egia 115 | 997 120 | 20p4 195 | 5718
& Seoe | ECca?  oss | EZ80 075 | 55 250 | mies  ssgo | YUZ9 450 | 3WAGT 250 | gopg oy | 8Q7GT 120 gops e | a5 23
X a EZeC 0t | B 420 3 : V039 150 | 4BS51B 115.00 70 | 6AIG 345 p 0
C3JA 21.00 ECCB2 Philips RG1-125 4.95 5 6BR7 4.95 21LU8 2.5 5726 1.50
Con To5 95 | E2%0 180 | PABGRO 080 | RG12a0M1450 | |yl 450 | 465A 5900 | Jogg  Gyg | 6544 150 | 24B1 3950 | 5727 195
oA 900 | ccogy  gge | Fooes 295 | PCBE 075 | poagsonase | W17 s00 | 4687 950 | SpRS. 213 | 6/ 110 | 2506GT 175 | 5749 250
) FW4/800 2.95 | PCBS 075 | Rasizeon W729 100 | 4-250A 65.00 6SA7GT 135 | 258Q6
€26 7000 | ECCEIBrimar | GoS/K 00  PCI2 350 Qoo | W73 VS0 | 4837 3500 | sowa  Jo | 65C7 150 | 29C) se | o8 29
SIS e Eccsaphni'p':s G180/2M 900 | PCOT 110 | piokas a5 X2 mod] i Jeang T7s | Sowe 150 | 637 138 e 'odo | o83 498
114971 130.00 S | G232 Mullard PCB00 110 | Rga-t00010.00 | XogiX6S 43 | 4BZ6 195 | eewy  1sp | S 198 | 0Cl 1ag | SB4A 325
C1150/1 135.00 | ECcCBa 0,50 | 1 pCcaa o4 | RK:20A 12.00 XCoa ‘-35 4C27 2500 | 6BWB 400 | BSJ7GT 120 | 30F5 0.95 | 5829WA 6.50
Ci534 | 3200 | Eccos oy | G2602D soo | pCEEL 040 | RLIG 1s0 | XS 150 | 4C28 2500 | 6BX6 048 | O5K7 135 | 30T 100 | 635 550
CCA T80 | cocos 080 | Gaoo/iK 1eeo | PECBS 054 | meiis 1200 | XE2S. G2) | acss 195 | 6BX7GT 350 | 6SKIGT 135 | 30Fi2 135 ‘
€G3l 090 | Ecces aa | acie azso | PEEES 070 | Revia  2lso Fwa? 150 | acx2s08LTT. 6826 250 | 6SL7GT 085 | 30F12 o095 | 2678 7.50
&% 900 | EeB o 98 | GG 1m0 | i Roves a0 | XFWS0 150 3750 | 6823 3.98 | BSNZGT 135 | 30FL1a 140 0 350
EViNos T oo cecanl - % GC10/48 1750 sggégg g.;g RPYS2 250 XG2-6400 4CX2508 6C4 110 | 6SQ7 1.35 | 30FL14 1.25 5842 11.00
on request ECC189 o078 | OCIU4E 17.50 | pecgns o RR3-250 15.00 13528 | Emac 6C5 195 | 6557 19 | 30u 0.45 | 5847 10.95
D63 120 | ECcaors 3o | 0C12/@B 1750 | LEEEI® 048 | AR3.1250 35.00 Xove e 4900 | ece 2isoy] |OAGT TS | Jotls  olsp | (879,850
DA41 2250 | ECC803S 350 DS6W  6.00 PCFSS  oes | RSEI3 4500 | Lronts ;-gg 4CX2508 6CBG 1.50 115 | 30117  0.60 | 5886  13.95
DAG2 1780 | Eccens oee | GDT120m 5’00 | FCPS 088 | Agess  saies | XL - rested ex 6C11 250 | © 150 | 30PAMR 100 | 5894  39.50
DASO o 4.50 | ECC2000 1200 | oRy 390 ’ PCFs4  0.85 | Soeoo 5215 | gy N fay OGN 100 | Jops  omy | oo 4%
DA100  125.00 % 5 i 17 5.95 5 9.5 18 2.50 0.60 5963 1.7%
DaFol 070 | Eres e | GNlo soo | BERE %0 | Serss  zmss | 258 | acxos0BM Ba o | S o] S0E1S  jrog | saes  2n2e)
DAFd 065 | tcres 175 | ORI0G 00 | pGg, (40 | SnEl2 3meo | XAIS004 EMAC 7500 | SCA7 30 | BXSGT 10D | S0eLI 250 | g5 18s
oF SR | B G ol | om M) ow R lhe | MU |68 03 HEW IR (B M@ o
DC30 120 | ECF202 1.85 - P k 1K 10.00 ) 7 6CB6 195 : 175 6021 3.65
DEX4-1000 ECP301 o8s | SS120 1200 beroey T Ik 1599 | vso3 oo oy oyl }| BEDEGA ws'so ‘ e 29 S I S22 230
DCX4-5000 ECracs 590 | cmics/siee | porat? 950 | siop ses o ves 695 | GlAGoA 7150 ks M0 | by 1% 1950 | s oo
25.00 | ECraos 1025 | GIEIZSM 800 | pcpans yoo | SC1/800 500 | YBOZ 1200 | 45p6” 700 | 6CL3 395 | 787 250 | 35A5 450 | 6o6)  2.25
DETI6 2850 | Edha® 220 | GTRISOW 100 | pergtt 199 | SCi/1i00 600 | Y0100 7500 4G5y s | 6Cle 325 | 7S6 250 | 35L6GT  2.00 | 6062 450
DETI8 2850 | ECHa 300 | OU20 3500 | oipgg o SC11200 s.00 | YJ1080 26500 | GO0 23 gCiga  plgp | E7 250 | 3B/Wa 070 | 6063  2.00
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NEWS COMMENTARY

Information tax

Any attempt to guess what the
Chancellor will announce in his
Budget is a fairly forlorn pas-
time, but those versed in the
semantics of parliamentary
language are not encouraged
by recent replies on the possib-
ility of VAT being imposed on
periodicals. Far from giving a
direct statement, the Govern-
ment “has no plans at the
moment” to do so and “has not
ruled out” the tax.

In 1855 the last tax on news-
papers and journals was
repealed by Paimerston’s gov-
ernment: since that time each
government coming to power
has setits face againsttaxes on
publications — taxes on knowl-
edge. Indeed, a Tory govern-
ment, on introducing VAT in

1973, declared “On the general
principle of avoiding a tax on

knowledge, we intend that
books, journals, newspapers
and broadcasting shall be at a
zero rate”. High-sounding
words, but it how seems at least
possible that they are about to
be made nonsense.

On a purely practical note,
such a move would almost cer-
tainly reduce the choice ot peri-
odicals open to readers. Many
of the smaller, specialised jour-
nals exist on a tiny. profit mar-
gin, and a 15% increase in their
cover price would probably cut
their circulation below a realis-
tic level.

If VAT is imposed, it will quite
definitely be a ‘tax on knowi-
edge’, will restrict the flow of
information, and is to be
deplored.

(=2

Causality in energy transfer

A contributor to our December
1984 letters is right to criticise
naive ideas of causality n
energy transfer processes. N.C.
Hawkes says it is meaningless
to ask whether the field causes
the current, or vice versa: they
just happen together and “are
related by the physics of the
situation.”

Any engineer who 1s stoutly
confident he knows what is a
cause and what 1s an effect
should read David Hume’s
famous and penetrating study of
causality published as long ago
as 1739 (in A Treatise of
Human Nature). If the engineer
is honest he will certainly end
up much less sure of himself.

Hume rigorously analyses
examples of causality and
comes to the conclusion that
the only certain thing relating
causes and effects 1s their
“constant conjunction” in all
past ohservations: objects or
events “always existing in hike
relations of contiguity and
succession.” This is what the
modern scientist would describe
as observed regularities. We
also nowadays tend to think in
lerms of correlations between
variable quantities, but are
careful to distinguish between
those correlations which are
just statistical and seem to have
no plausible explanation and
those which seem to indicate a
casual relationship.

In fact Hume points out
that we strongly feel in many
instances there must be
something more than just
“constant conjunction”: that
there 1s a “necessary
connexion” hetween causes and
effects. But he concludes that
the “necessity” here exists only
in the human mind (e.g. as in
laws of logic) and that there is
nothing inherent in the objects
or events themselves to account
for it.

Time has not weakened
Hume’s philosophical analysis,
and today there are scientific
theorists who still firmly hold
this empiricist view, that we
can only be sure of the
observed regularities in nature.
The contemporary philosopher
AJ. Aver also agrees with
Hume and says: “In nature one
thing just happens after
another. Cause and effect have
their place only in our
imaginative arrangements and

extensions of these primary
facts.” (In The Central
Questions of Philosophy.)

Of course, one must he
careful to distinguish between
causality in natural phenomena
and causality in man-made
devices. The engineer has no
difficulty in thinking about
causes and effects in the
systems he or other engineers
create because he is like God in
deciding what is what. The
input to a device is implicitly
the cause and the resulting
output implicitly the effect.
Mere definition prevents it from
being the other way round.
And, of course, a definition is
purely a menta} thing.

It would be interesting to
know if there are readers of this

journal who can see a way
round the strongly held view
that the “necessary connexion”
exists only in the human mind.
As a concrete example to work
on, take the simple instance
that for a current to flow in a
circuit there must be some kind
of force present (field or
e.m.f.). Here the concept
behind “must” is necessity. If
one puts it in a different way,
that the current would not flow
if the force were not present,
this entails the same necessity
in its negative form.

It would seem that, to be
truly objective, one cannot go
beyond the observed fact that
the flow of current and the
presence of the force are a
“constant conjunction.”

Philips joins

sub-micron race

Several companies have
announced recently their
research projects into producing
integrated circuits with internal
structures smaller than one
micron, in order to produce i1.cs
that are more complex but also
smaller and cheaper. Philips is
to set up a new centre at
Eindhoven for fundamental and
applied research. Philips, Valvo,
their German subsidiary and
Siemens are to cooperate in the
research with financial backing
from the Dutch and West
German Governments.

A one megabit static ram
will be used by Philips as a
carrier for the new technology,
Siemens are to concentrate on a
4Mbit dynamic ram. These are
to be developed by intensive
use of computers in c.a.d. and
in manufacturing techniques.
The project is expected to have
a knock-on effect in promoting
related developments in other
areas.

Some bottlenecks to the
production of such i.cs have
already been identified; it is not
known whether the local
oxidisation of silicon, used to
isolate elements will work in
conditions of such fine detail;
the structure of the transistor
itself will need to be altered in
order to fit into such a small
space. Electrical magnitudes are
very dependent on the geometry

of the device; as elements get
smaller the electrical field
become proportionally larger
and it is possible for
high-energy electrons to be
formed which endanger the
stability of the circuit. As
conductors get thinner, their
resistance increases
proportionally. It is possible
that the use of metal silicides
may be a solution to this
problem. Yet another problem is
the very hilly nature of the
terrain to be connected. As with
road planning a raised structure
might offer a solution. Efforts
will also be made to find a
method of making the surface
flatter.

At the design stage, computer
facilities need to be able to cope
with something in the order of
50 million geometric details
which are incorporated in the
drawings and in the masks. The
masks need thorough checking
to ensure that they are fault
free. The programmes must
also be capable of checking
whether a long list of layout
rules have been obeyed. The
electrical performance of the
chip is calculated in advance on
a computer with a
circuit-analysis program. It
needs to be fed with a list of all
the elements and
interconnections and with the
layout design. Present c.a.d.
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tools are not sufficient to these
tasks and so there is a need for
advanced programming. Similar
programs are needed for the
automatic testing of the finished
devices. The memory chips are
to be designed with extra cells
which can be connected with
the aid of a laser, if any of the
memory cells are found to be

defective. Similar advances are
needed in all the production

equipment which will need to be

operated in super clean,
dust-free environments. A pilot
plant is to be built in Eindhoven
but production plants will be at
Philips/Valvo and Siemens
factories.

Today’s hacker is
tomorrow’s expert

Breaking into computer data
bases has become the hobby of
those who, we suspect, have
taken the place of the phone
freaks of a few years ago.
‘Hacker' was used tc describe
those who seemed to be
permanently attached to their
video screens, hacking away at
a new program. The word 1s
now used to describe people
who ‘break into’ computers —
when a system has been
entered it is said to have been
‘hacked’. There are also
criminals who break software
programs or find a way into
databases for persoral gain, but
the majority of hackers do it for
the fun of it; because it’s there.
Software manufacturers try
more and more soplisticated
methods to protect their
precious programs and the
hackers use equally clever
methods to break into them. On
the principle that if vou can't
beat them, join them, the

manufacturers are now
employing those same hackers
to devise even more complex
protection devices.

A row has now broken out
between Timefame International
and Prestel. Timefame operate
a bulletin-board system for
business information. Because
of a major security alert at
Prestel, when some important
electronic mailboxes including
that of the Duke of Edinburgh,
had been hacked, there was a
complete revision of the
password codes. Very soon
after, Timefame was hacked
again and suggested that the
only way it could have been
done so rapidly was that some
inside person from Prestel, a
mole, must be divulging the
passwords. Prestel say that they
have evidence that this was not
possible and have taken great
exception to the accusation.
Consequently, they slammed
the door to Timefame and made

their pages no longer available.
We think that both sides are
underestimating the ingenuity of
the fanatical hacker, who will go
to extraordinary lengths to take
on the challenge of a seal to be
broken. While we cannot
condone their activities, we can
admire the skills which they
apply and hope that they will go
on to use them productively. At
a recent hackers’ conference in
California, a prominent
participant was Steve Wozniak,
the co-founder of Apple
Computers, who still enjoys
bending over'a keyboard.

A further issue arises as to
whether Prestel is a publisher
and can exercise editonal
rights, such as denying access
to a major information provider
like Timefame, or is purely a
medium for use by anyone.

Office publishing is a

new concept. With the
development of high-quality
laser printers it is possible to
combine the facilities of a
word processor with those of
a typesetting machine and
provide camera-ready copy of
both text and graphics. Such
a system has been launched
by a German company, PCS
Cadmus. It incorporates a
32-bit computer, 80Mbytes of
Winchester storage. Prices
start at £40,000 which
includes a very
high-resolution display, laser
printer and a mouse. It is
thought to be especially
useful to those users who
produce documentation and
manuals needing regular
up-dating and rapid printing
in smaller batches.

Buzby buzzed!
Whether there really is
a mole in Prestel’s
headquarters we may
never know. But the
network’s security is
plainly less than per-

. fect, as the small
intrusion shown here
demonstrates. The let-
ter z, we're informed,
is not a misprint but

- the visiting card of a

. hacker — though evi-
dently one who bore no
real ill will towards
British Telecom or the
railways.

The incident
occurred in December
soon after Prestel’s
precipitate excommu-

nication of Timefame
International, said to
have been the sys-
tem’s second most
popular information
provider. Timefame
had accused Prestel of
leaking its passwords.
. The page has since
" been corrected.

-
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BUSINESS SYSTEMS LTD

56, MAPLE DRIVE, EAST GRINGTEAD, WEST SUSBSSEX, RH19 3UR

ADVICE

MOTHERBOARD 'B’, 8-slot,
128K £449

14in RGB HI-RES MONITOR (640dots
X 300 lines) ..o £389
12in HI-RES. GREEN MON ... £89
64K RAM EXTEND MODULE ... £59
DS/DD FLOPPY DRIVE (500 KB

MOTHERBOARD 'N’, 8-slot ......£329
MULTIFUNCTION card with 128K
(expandable to 256K) one PLL-port,

one SER-port (2nd option) Clock/ unformatted............. £175
Calendar with backup ................ £259 WINCHESTER DRIVE
MONOCHROME adaptor with CONTROLLER ... £425
printer port ... £239 512K RAM BOARD — comes with

MULTI 170 CARD — one pll, one
serial port, one games port, floppy
drive controller, clock calender with
battery backup..........ccomrnn £299

128K RAM installed fully IBM
compatible ... £299

The PC-16 16-bit computer provides PERFECT COMPATIBILITY with the IBM PC/XT range. The
motherboard can be supplied in two versions for stereoscopic conveneince. The ‘N’ version has
no memory on board and the ‘B’ version with space for 64 to 256K RAM. Addition of the
Memory Expansion Card provides a further 64 to 512KB of RAM. BASIC FEATURES INCLUDE:

* 8088 CPU operating at4.77 MHz

* Provision for 8087 co-processor

* Four DMA channels

* Three TIMER channels on board

* 8 EXPANSION SLOTS
SYSTEM—5 PC16 (B/3) — PRICE £1599 — Main computer employing ‘B’ board with 128K on
board (upgradeable to 256K on board) PLUS Colour/Graphics adaptor providing signal capable
of running monochrome displays on RGB output for full colour. Multi 1/0 card, providing floppy
drive controller for two drives, one parallel port, one serial port, one games port with batter
backed-clock calander. RAM extension card for 512K. Two DS/DD floppy drives. 83-key keyboard.
All complete, built & tested in case with power supply together with Concurrent (multiuser,
multitasking)CP/M,CCP/M manual, Basic manual and computer operations manual —ready to run!

Add 15% VAT to all prices given. Remember, VAT is also applicable on carriage at 15%. Terms (WO. DEALER ENQUIRES WELCOME. FOREIGN enquiries if possible by telex please
However, French & German speaking staff at your disposal. MONEY BACK GUARANTEE. SEND £1.00 for our latest catalogue of over 3000 items, computers, peripherals, consumables, robotics, etc etc

* RUNS MS/PC-DOS & CP/M 86

* READS & WRITES IBM-PC format
* Accepts IBM-PC Peripherals

* Up to 256K RAM ON BOARD

WINCHESTER DRIVE 12MB ....... £815 DRIVES — MEGABYTES FOR

IBM COMPATIBLE KEYBOARD (83 MICROPOUNDS!
Ky ) g et Sy M s ) £89  5i"Half height 500kB40/80 ....... £119
KEYTRONIC 5150 K/BOARD.....£175  5:"Half height1MB40/48........ €125
KEYTRONIC 5151 K/BOARD.....£210  5:"Half height .6 MB40/80 ...... £159
SWITCHING POWER SUPPLY ...£105  5i"Half height2MB40/80........ €199
ADD SERIAL PORTKIT ..o £23 3: Half height500kB ............... £119
FLOPPY DRIVE CONTROLLER . £109 3 Halfheight1MB................ £125
8" Fullsize 1.6 MB.... .. R ... £309
8" Halfsize1.6MB ................. £282
HR521 Half height 12.75 MB Hard Disk
unformatted ...................... £492

All brand new, boxed, with buiit in controller
standard power requirments. Full documentation
and technical details.

X TEL:(0342) 313427e24631/2

TLX 957547, 4K
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DC-AC Inverters
(30W up to kW)
sine wave or square
wave output

AC-DC power units
Frequency

NOW AVAILABLE
WITH 3 VARIABLE

changers OUTPUTS

Emergency

standby
systems )
No-break i

systems
Crystal
controlled
units
Battery
Chargers

Input 200-250V. 50Hz or 100-120V
60Hz to order.

Output 1:0-30V. 25A. D.C.
Output 2:0—-70V. 10A. A.C.
Output 3:0—-250V4A. A.C.

ALL CONTINUOUSLY VARIABLE 0 iﬁ‘\ ,
Other units are also available ) DF MENT

with outputs of: DROMN 4 \
0-60V 12A W
0-120V 6A ES TING
0-240V 3A ND FOR FURTHER DETAILS
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|
» . - .

N RNATIO »
REN
HO 0 DD »

CIRCLE 15 FOR FURTHER DETAILS.

ELECTRONICS &

T T

EDITORIAL FEATURES
1385

PUBLICATION
DATE

ISSUE

DATE FEATURE

Mar.1985 Feb.16th IEEE Instruments

May. 1985 April. 19th Power Supplies

July. 1985 - June.21st VDU's

Sept. 1985 Aug.16th Communication

Receivers

For more details regarding
advertising
Contact Bob Nibbs
01—661 3130

ELECTRONICS & WIRELESS WORLD FEBRUARY 1985



NEWS COMMENTARY

Admiral of the

high-speed network

Research into advar.ced data
communications is being set up
in a three-year, £5M joint
venture, sponsored by the Alvey
Directorate and to te carried
out by the GEC Research
Laboratories. The glan is to
provide instant and direct
communication between
computers, work stations

and other peripherals, regardless
of location and type, for
applications such as
computer-aided design,
software engineering and office
automation.

ADMIRAL (Advanced Mega
Internet Research for Alvey)
will be a joint effort between
GEC/Marconi, BT Research
Laboratories, University
College, London and the
University of London Computer
Centre. A high-speed wide area
network is already being set up
using the BT MegaStream
service, with 2Mbit/s links.
Admiral will use this network to
link together a number of
l.a.ns. UCL has been
recognised as one of the leading
research centres for computer
networks and their protocols.

ULCC has had considerable
experience in in providing
large-scale computer facilities
accessible from all over the
country through
communications networks.
Special attention is to be paid to
the protocol system to enable
high-performance
interconnection between
heterogeneous devices. Aspects
of network management will be
looked into as multiple
administrations need both
automony and coordination.
Another field for attention is
distributed computing, including
the use of remote workstations,
program structuring tools such
as remote procedure calls are
important in this aspect.
Although based around the
BT/Alvey high-speed w.a.n.,
the aim of the research is that
the results should be generally
applicable to any large network.
The first stage will be the
linking together of all the
participant in the research on
five sites UCL, ULCC, BTRL at
Martlesham, Marconi Research
Centre at Baddow and the GEC
RL Hirst Research Centre in

India PM radio

Rajiv Gandhi, who succeeded
his mother as Prime Minister of
India, is a keen radio amateur
and home electronics
enthusiast. He passed the radio
amateurs’ exam over ten years
ago and has the call sign
VU2RG. He built his own h.f.
ssb/cw transceiver and a
two-element cubical quad
antenna. He is instzlling the first
amateur relay staticn in his
country as well as Iooking at
amateur radio computer
networking and digitally coded
squelch systems.

Since being elected to
Parliament in 1981, he has
constantly worked for the
development of electronics and
aviation in his country. There
have been a number of
concessions to the electronics
trade and industry and the
Government of India is easing
the import restrictions on
computers. Rajiv Gandhi is

ham

keen to have computer training
taught in school. As an amateur
he participated in, and
organised, emergency
communications when all civil
communications had failed
during cyclone and flood
emergencies on the west coast
of India. He persuaded the
government to allow the
duty-free importation of
amateur equipment, accessories
and components. This
concession will last until the
end of March.

Mr Gandhi retained the post
of Minister for the Department
of Electronics when he became
Prime Minister. His enthusiasm
has been transmitted to other
members of the family. Mrs
Sonia Gandhi is also a licenced
amateur. His 14-year-old son,
Rahul and his 12-year-old
daughter, Priyanka, are
studying for the radio amateurs’
exams.
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Wembley. As the network
progresses, other types of l.a.n.
and local switched networks are
to be included. Wherever it is
possible without affecting the
performance of the system, OSI
standard protocol will be used.
Devices connected to the
network will include Unix-based
systems, workstations and a
Cray- 1S computer.

In brief

Free software packs are to be
made available by the
Department of Education for
use with children who have
special educational needs,
particularly those with learning
difficulties. The packs are aimed
at 14 to 16-year-olds and as the
programs can be altered to meet
individual needs, they can also
be used with younger children
and with the physically
handicapped. 25 programs in
each pack were developed by
the Scottish Council for
Educational Technology. The
programme focus mainly on life
and social skills such as
managing money, a healthy diet
and achieving independance by,
for example being able to read a
railway timetable and planning a
route. The pack has versions to
run of the Acorn/BBC and RML
computers.

@ Impartial advice and training
on the purchase of computers
and software is available from
the Federation of Microsystem
Centres. They have come to an
agreement with the Computer
Retailers Association to provide
a full service to computer users.
The agreement was
implemented on a pilot basis at
a meeting in Sheffield with
representatives of both parties
and the DTIIT coordinator. The
centres will undertake training
the CRA members may be
unable to handle themselves
and care has been taken to
preserve the impartiality of the
centres.

® The Maritime Rescue
Coordination Centre at
Falmouth, Cornwall has
installed a satellite earth station
so that it can communicate
directly with other rescue
organisations and with ships at
sea. They will be able to pass
on emergency information to the
nearest agency or ship. Two
other coordination centres in
Argentina and Bulgaria are also
equipped to communicate

through the Inmarsat satellite
communication system. Others
are expected to get similar
facilities soon.

Welsh Basic

As a pilot for translating Basic
into a number of different
tongues, Xitan have developed
their XBasic in Welsh. The
version is sytactically the same
as in English but all the
keyboards and messages are in
Welsh. For example the
equivalent of ‘Load’ and
‘Liwyth’ and ‘Run’is ‘Rhedeg’.
One of the main reasons for
choosing Welsh was that the
product could be tested locally
and there was a potential for
high levels of real use in the
Welsh academic community.
XBasic was developed
specifically for scientific and
educational applications and
runs on CP/M and MP/M
systems. It is described as a
semi-compiler and incorporates
syntax checking and error
trapping before a program is run
— sorry, rhedeg.

Pirate
navigation
interference
overcome

Helicopter pilots flying to the
North Sea oil rigs have found it
increasingly difficult to use their
navigational aids to locate the
rigs. This is caused by pirate
radio stations operating at
frequencies in the medium
waveband used by standard
non-directional beacons. Racal
Avionics have solved the
problem by designing (within a
month) a new non-directional
beacon with a much increased
frequency range. The new
beacon conforms to the new
CAA frequency allocation for
such devices and has already
been installed on one rig. The
transmitters are used as landing
site locators or as route markers
and the new design incorporates
power semiconductor circuits
which allow adjustable, reduced
power outputs to be used from
100W stepping down to 20W.
Because of the reduced power
consumption, the beacon can be
operated by solar, gas or wind
generators at remote locations.
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TV network for medical school

Eight lecture theatres are linked
by a tv network covering the six
capitals in the Charing Cross
and Westminster Medical School
Group in West London. The
system is, to use this year’s
current in word, interactive.
This means that any of the
hospitals can put out the
teaching session to all or any of
the others and that students at
the distant sites can ask
questions or make contributions
and may be seen and heard at
all the other sites.

Most of the system is
connected through fibre-optic
cables though one site is joined
up by a microwave link. The
cables are routed through
London underground railway
tunnels, Electricity Board ducts
and disused tramway channels.

Fibre-optic cable was chosen
as the medium for the
transmission of video and audio
signal as this was considered to
offer the best fidelity for the
transmission of, for example,
microscope images and the
audio signals used in aural
diagnosis. In addition to live
images there will be slides,
recorded video and direct
microscope and radiographic
images. A microwave link was
used between Charing Cross
Hospital and St. Mary's
Hospital, Roehampton. This
was the only site south of the
Thames and ducting was not
available.

The main control room and
switching centre 1s at the
Charing Cross Hospital.
Lecturers at the main lecture
theatres of the two principal
hospitals will have electronic
consoles to control the use of
the audio-visual facilities
incorporated into the system.
All proceedings can be recorded
for subsequent editing and
re-use but the real value of the
system, as seen by the teaching
staff, is the ‘real time’ contact
between teacher and student.
The teachers have been given
familiarisation courses by staff
from the Open University, who
are also undertaking the
adjudication of overall
effectiveness of the system.

The list of credits is almost as

long as those in Hollywood
movies. Telefusion were the
main contractors and were
responsible for coordinating the
whole project, as well as
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providing the video equipment
and the main switching/editing
centre. The 22km of fibre-optic
cable was manufactured and
installed by Pirelli General.
Some individual lengths were
over 2km. The London
Transport tramway ducts,
originally used to carry power
and signals to the trams were
found to be in a relatively good
condition although they had not
been used for thirty years or
more. The London Electricity
Board’s ducts presented more
of a problem as they were
frequently interrupted to supply
power to individual propertics
along the route. Considerable
engineering work had to be
undertaken to by-pass these
blockages. Work carried out by
Pirelli and the L.E.B. was
completed on schedule and the
L.E.B. are now considering the
possibility of using their ducts
in other similar projects. The
central 10km section of cable
was laid in the tunnels of the
District Line of London’s
Underground by London
Transport engineers. Multi-core
cables were used, each circuit
capable of carrying two tv
channels and two sound/
signalling channels without any
intermediate amplification.

The microwave link was
installed by Mercury
Communications. Small dish
antennae, mounted on the
roofs of the two hospitals
provided a

=
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direct line-of-sight link
operating at 22 to 23GHz.
Plessey are responsible for the
video transmission system. The
optical signal is transimtted
using a high radiance led
operating nominally at
1300mm, in the near infra-red
region. This was selected in
preference to laser as it oftered
more reliability, eliminated the
need for complex control
circuitry, was easy to modulate
and could operate over a wide
temperature range. To receive,
a p-i-n diode is used in
conjunction with an f.e.t.
amplifier both incorporated into
ani.c. package. F.m. 1s used
and the system conforms to the
CCIR recommended standards
for broadcast quality signals.

Each transmitter consumes only
two watts and the receiver eight
watts.

The sound system comes
from Audix and consists of a
amplifier/conference system for
each site along with all the
associated mixers, microphones
and loudspeakers. At two of the
sites separate smaller
conferencing rooms are fitted
with table-top
microphone/loudspeaker units
to add versatility to the
conference facilities.

The project has been paid for
by the Department of Trade and
Industry and is intended as a
showcase for British advanced
technology. The Government
has made a virtue out of
necessity as the original medical
schools of Charing Cross and
Westminster hospitals were
merged, following education and
health service cuts. The school
1s expected to buy the £940 000
system from the D.T.I.
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Background to
MLS

A reader, with vivid memories
of the bitter struggle in the
1970s that preceded the
selection by the International
Civil Aviation Organization of
the microwave landing system
TRSB, is not altogether
surprised that the Americans
are reluctant to credit the
Australians for their part in its
development (see December
‘Communications
Commentary’). The whole
selection process, he recalls,
was conducted in a manner that
threw great doubt on whether
or not TRSB had any, or at
most marginal, technical
advantages over the rival
microwave Doppler system,
supported by the UK, or even
the West German DLS system.
Study work on these and other
systems was contracted to
American industry but once
they had decided to back TRSB,
what amounted to a “dirty
tricks” campaign was launched.
against Doppler, reminiscent of
the campaign waged 25 years
earlier to back VOR against
Decca.

This reader points out that
international electronics
standardization, not only in the
aviation field, often has less to
do with technical merit than
with short-term commercial
interests. In international
aviation, the record of some of
the large American corporations
has demonstrably included
bribery, corruption and
deliberate misdirection.
International standardization is
frequently a battleground for
vested interests and it is not
always the technically superior
system that wins. Doppler
m.l.s. was installed and tested
successfully at Brussels,
Stansted, Gatwick, Manchester
and in Norway.

Nevertheless, the
introduction of the TRSB (which
started life as Interscan)
microwave landing system will
bring significant advantages.
Existing i.1.s. systems are
capable of handling more than
one aircraft at a time, though
constrained by aircraft
separation of the order of three
miles, and the speed of clearing
the runways. The main
advantages of m.l.s., in the
view of this reader, are: fewer
site restrictions, chaice of
glide-slope angle and choice of

approach path within a +40°
sector. Despite his misgivings
about the way TRSB was
selected, the new system is
capable of giving very
impressive results as he found
during recent flights in the UK.

Jaw, Jaw

Sir Frank Cooper, formerly
Permanent Secretary of the
Ministry of Defence, in the 1984
annual lecture of the Royal
Signals Institution advocated an
approach to the management of
international crises in which
strategic communications would
play a central role.

He believes that
communications technology has
far outstripped the ability of
governments, politicians and
military planners to comprehend
and control crises and prevent
them from escalating into both
nuclear and conventional
warfare.

Instead of the usual
assumption that a first military
aim should be to disrupt both
strategic and tactical
communications of an enemy,
Sir Frank believes that
maintenance of effective
strategic communications
should be given high priority,
including, for example, clear
agreement not to disrupt
satellite communications.

West and East each need to
understand the security policies
of the other, and European
countries should recognise more
fully that the nuclear threat may
not arise from direct
confrontation along the
East-West boundaries.

He dismissed the “controlled
escalation” theories of the
1960s as “nonsense”; even
greater nonsense was that
politicians could sit down and
take finely tuned decisions. His
experience suggested that crises
were times of confusion and
uncertainty.

The dual capability of
weapons such as Cruise that
can carry either nuclear or
non-nuclear warheads makes it
impossible for the remote
sensors and defence radars to
determine the form of an attack
unless some trusted and
pre-arranged procedures and
effective communications exist.

The greatest progress in the
concept of keeping
communications open has been
made in the management of
terrorist and hostage crises,
while “war games” have

ELECTRONICS & WIRELESS WORLD FEBRUARY 1985

increased understanding of
tactical C7I. It is recognised that
electronic communication
systems have a high degree of
vulnerability. Nobody is sure of
the secondary effects of nuclear
weapons, including the nuclear
electromagnetic pulse. The aim
is to make tactical
communications “survivable”,
yet, Sir Frank stressed, tactical
systems are not central to crisis
management.

The vast growth and increase
in speed of communications and
information technology has not
been matched by the ability of
humans to communicate in a
real sense. The social divisions
between East and West are
substantial, with very different
life styles. It was not a question
of making judgements between
these but recognising the
differences in attitudes, and
developing the “hot line”
concepts beyond the stage of
technical agreements. Improved
communications between
European capitals were needed:
the setting up of crisis control
centres; advance notification of
ballistic tests; treaties to protect
strategic communications,
including space
communications; agreement not
to deploy weapons in space.

Political barriers to change
were great. Science and
technology are not answers in
themselves. NATO channels of
real communication are getting
slower. In any reorganisation of
information technology, it was
important to eliminate the need
to have graduate engineers
pressing the buttons, but to
allow the “managers” to “talk”
from their desks via v.d.us.
Since going into industry he had
begun using his own word
processor and office copying
machines. Nobody spends eight
hours a day thinking. The real
crux of any IT system was to
make people do their own thing.

Sir Frank’s lecture underlined
Churchill’s dictum: “Jaw, jaw is
better than war, war,” while in
discussion it was suggested that
C.C.1LS. (Control & Command
Information Systems) might be
redesignated: “Control and
Cooling of Imminent Scares”.

Although Sir Frank did not
refer to the Falkland Campaign
of 1982, the evidence to the
Parliamentary Select Committee
has made clear that Northwood
was bringing this to the boil
while Downing Street was still
committed to negotiation. A
crisis in crisis management that

was jaw, jaw and war, war, not
helped by delayed
communications.

Space sale

The two communications
satellites recovered by the
shuttle on behalf of insurers are
not the only satellites going for
a song. Telesat of Canada is
trying to find a buyer for Anik
C1, a 16-transponder Ku-band
bird, due for launching this
February. With two other
Anik-C birds still singing, and
demand for leased transponders
slowing down, on to the market
goes C1 (a Hughes HS376
design) priced at about
$65-million, which includes cost
of launch and launch insurance.
If no buyers turn up, Telesat
plan to keep C1 as an in-orbit
spare, representing a lot of
capital tied up in a non-revenue
producing spare.

Time-dispersal

Considerable attention has been
paid recently to the use of radio
links within buildings for the
short-distance transmission of
speech and data. Duning the
past two years, British Telecom
Research engineers have
published a number of reports
on their investigations into radio
propagation at 900MHz within
buildings for cordless
telephones. They have also
shown their work on leaky
co-axial cable systems as a
means of distributing
longer-range v.h.f. signals
within a building to provide
higher levels of field strength to
reduce the aenal requirement
on cordless telephones.

American firms have similarly
developed short-range 900MHz
radio-links as an integral part of
computer systems. This,
however, poses the question of
how well or how badly 900MHz
propagation within buildings or
building-complexes behaves at
high digital data rates.

Recent work by Bell
Communications Research at
Holmdel (Electronics Letters,
November 8, 1965, pp.950-1)
at 850MHz shows that multiple
reflections tend to result in
significant time-dispersal of the
signals and hence severe
intersymbol distortion at high
data rates. In many cases the
strongest transmission path
occurred up to almost one
microsecond after the first
arnival. No significant
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It easy to complain
about an advertisement.
Once you know how

One of the ways we keep a check on the advertising that appears in the
press, on posters and in the cinema is by responding to consumers’ complaints.

Any complaint sent to us is considered carefully and, if there’s a case to
answer, a full investigation is made.

If you think you've got good reason to complain about an advertisement,
send off for a copy of our free leaflet.

It will tell you all you need to know to help us process your
complaint as quickly as possible.

The Advertising Standards Authority.
If an advertisement is wrong,we're here to put it right.
ASA Ltd. Dept 1 Brook House, Torrington Place, London WCIE 7HN

This space is donated in the interests of high standards of advertising.
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differences were notad between
vertically and horizontally
polarized signals. The BCR
engineers conclude that the
detailed measurements made at
Holmdel indicate thzt signalling
rates in excess of 400
kilobits/second may not be
feasible for an error probability
of 0.001 or less, and that the
multipath characteristics of
u.h.f. signals within buildings
are a major factor to be
considered in wideband systems
design.

From all over

Engineering “Emmy” awards of
the National Academy of
Television Arts and Sciences,
presented in New York,
included a posthumous “Trustees
Award” to the late Vladimir
Zworykin, inventor of the
iconoscope electronic camera,
and “Emmys” to Stefan
Kudelski for the Swiss firm'’s
development of the portable
C-format video tape recorder
and to Ampex who distribute it;
to Sony for their work on
single-frame recording on
stationary videotape
(BVH2500); RCA for work on
circularly polarized television
aerials; Lexicon for the firm’s
1200 audio time
compressor/expander; and to
Tektronix for continued work on
television test and measuring
standards.

A recent survey of world
colour television standards
listed 59 using PAL, 36 using
SECAM, 32 with NTSC and 3
with both PAL and SECAM. But
one suspects that in terms of
receivers. NTSC would go to
the top of the table.

A planned replacement for
the unhappy Yuri 2 ¢{BS-2A)
Japanese direct broadcasting
satellite, which has
malfunctions on two of its three
100-watt transponders planned
for summer 1985 may be
delayed. The world still awaits
its first operational high-power
DBS service at Ku-band
(12GHz) and the chances of one
arriving in 1985 seem slim.

I have yet to puzzle out the
logic behind a recent job advert
for telecommunications
engineers: “The day of the ‘old
fashioned’ phone and exchange
is over. The communications.
era is with us . . . to discover
the full extent of these
opportunities contact Mr. X on
01-XXX XXX or write.”

Amateur
Radio

Although for h.f. high-power
amplification, either linear or
Class C, thermionic valves
continue to be the most
cost-effective, often with
improved linearity compared
with transistors, it is becoming
possible to put together

50— 100-watt solid-state
amplifiers at relatively low cost,
based on “surplus” transistors
available from component firms.
But a key factor is the use of
devices intended for operation
from 25—30volt, or more,
supplies.

Most amateur transceivers,
h.f. and v.h.f., are intended to
work directly from 12V car
batteries, yet linearity
performance is improved and
very high peak currents reduced
by using high-voltage devices
such as those produced for
airborne equipment used on
28V supplies. Power mosfet
devices are available for use on
150V supplies, but these still
tend to be much more costly
than surplus 30V bipolar
transistors selling at under £5.

I was reminded of this
recently during a 3.5MHz
contact with Art Radcliffe,
GD3FXN, on the Isle of Man
who has an 80-watt all-band,
all-solid state h.f. transceiver
partly, based on a Plessey
design by James Bryant,
G4CLF, but with 30V across the
final amplifier and using power
transistors that he bought for
£3, and with no requirement for
30 ampere supplies!

Modern high-power valves
now being used in amateur
linear amplifiers can cost
several hundred pounds,
although many make do with
ex-equipment or consumer type
devices costing less than £10,
but components for
high-voltage, 1000-2000V,
power units are becoming
scarce and expensive at the
400-watt p.e.p. output level.

The use of tunable or
broad-band solid-state
amplifiers incorporating
protection against mismatched
loads has brought about an
increased requirement for aerial
tuning units. Qutput power now
often begins to be reduced at an
s.w.r. of about 1.8 or more.
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Few resonant aerials present
such a low s.w.r. throughout an
h.f. band without the use of an
a.t.u.

Space packet

The FCC has recently granted
permission, for a limited period,
for a small number of American
amateurs to engage in
“Teleport” operation, acting as
automatic relay stations
between terrestrial amateur
stations transmitting “packet”
data and the amateur satellites.
The Russian amateur satellite
RS6 ceased operation during
October 1984, possibly due to
battery failure. This leaves
three Russian satellites carrying
transponders still active: RS5,
RS7 and RS8 with beacon
transmissions still occasionally
received from early satellites,
where the beacon transmitter is
powered directly from solar
cells. AMSAT-UK has circulated
a questionnaire to members
seeking views on whether an
attempt should be made to set
up another UK satellite project.

R.A.E. decline

The next two dates for the
Radio Amateur’'s Examination
are Monday, March 18 and
Monday, May 13. The
examination can be taken at any
of about 400 centres recognized
by the City & Guilds of London
Institute. Closing date for
applications January 15 and
February 15, or possibly earlier
at some local centres. Figures
issued by CG&I show that the
number of candidates
completing the examination
dropped from the peak figure of
8176 in 1982 to 7542 in 1983
and 5922 in 1984. Percentage of
candidates qualifying for the
RAE certificate dropped to 66.3
in 1984 from 70.5 in 1983 and
67.0 in 1982. The very high
number of candidates in 1982 is
thought to reflect the interest
surrounding the introduction
into the UK of legalized
Citizen’s Band operation, now
largely evaporated.

City & Guilds have installed a
computer system that enables a
multichoice examination paper
to be quickly assembled from a
bank of questions. While this
system should reduce the
possibility of the printing
errors, etc. the occurred a few
years ago, one can hope that

before putting them into the
bank, the questions are
carefully screened and brought
up to date. It would also seem
sensible for candidates to be
given the choice of five rather
than the present four answers,
two of which including the
“correct” one are usually
deliberately ambiguous.

60 additional experimental
50MHz permits have now been
issued to British amateurs, plus
another five to fill gaps in the
ranks of the original 40. Of
these, five are in Scotland, two
in Northern Ireland, one each in
Guernsey and Wales and 56 in
England.

The closing of v.h.f.
television at the beginning of
January has removed the “out of
television hours” restriction.
Norwegian authorities are
issuing 25 experimental 50
MHz permits for use in non-tv
hours. Norway is likely to
discontinue the use of Band 1
for tv in 1985-86.

British amateurs have already
found that 50MHz is particularly
suitable for meteor-scatter
communications.

In brief

Amateur radio operation under
the callsign GB4DIS/MM is
expected during some stages of
current voyage of the RRS
“Discovery” to the Scotia and
Weddell Seas in the Antarctic.
Three amateur operators,
GW4SBB, GW4JAD and
GW3RNP, are joining the ship
at Punta Arenas and are
expected to be active until the
Discovery returns to Brazil next
April, mainly on the 14 and
21MHz bands. The ship is
carrying a geophysical research
team from the University of
Birmingham.

The RSGB’s committee on
electromagnetic compatibility
has been co-operating with the
Consumers’ Association in an
effort to determine vulnerability
to radio-frequency interference
of current television receivers.
Radio-frequency interference to
video cassette recorders and
some of electronic telephones
that incorporate amplifiers and
electronic memory is proving an
unwelcome e.m.c. problem, not
only in the UK.

The Wireless Institute of
Australia, doyen of the national
amateur radio societies,
founded in 1910, reaches its
75th anniversary during 1985.

PAT HAWKER, G3VA

13






=i
Electronic
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SCOPES
PHILIPS
PM3267 100MHz D T

Sweep £1250
PM3256 75MHz
Ruggedised DT
Sweeg £1325
PM3217 S0MHzD T
Sweep £870
PM3206 15MHz DT £275
PM3219 50MHz Stor‘a e
DTSwePéJ 675
PM3302 20MHz Dlgn:al
Storage DT £1395
HAMEG
HM203-520MHz D T £264
HM204-2 20MHz DT

Sweep £365
HMQOB 20MHz Digital

Storage DT £1200
HMEB05 SOMHZ DT

Sweep £515
LOGIC ANALYSERS
THANDAR
TA 2160 20MHz 16 Channel

£3450

DMMS
PHILIPS

PM2518X/01 4 digit Tr‘ug

RMS 165
PM2519/01 4= digit
+ Counter £285
FLUKE
B8060A 4% digit True
£289

RMS
8062A 4% digit True
RMS £231

JF73 3" digit Handheld £68
JF75 3% digit Handheld £83
JF77 3% digit Handheld £104
THURLBY
1905A 52 digit

TuV £325
SIGNAL SOURCES

PHILIPS
PM5712 Pulse Gen.
£895

50MHz
PM5326 AM/FM Generator
125MHz - £1129
PM5134 Function Generator
20MHz £1415
PM5131 Function Generator
2MHz £395
PMS55191 Pattern Gener‘atsog
PM5503 Pattern Generator

£145
THANDAR
TG102 runction Generator
2MHz £155
TG502 Funct/Sweep
Generator 5MHz

POWER SUPPLIES

THURLBY
PL154 0-15V 0-4A Qigital
€145

£495

ELECTRONIC BROKERS
HAVE MOVED TO SPACIOUS
NEW PREMISES AT 140146
CANDEN STREET LONDON N\NA
OPENING UP A NEW ERA
IN THE BISTRIBUTION

OF ELECTRONIC TEST AND
MEASURING INSTRUMENTS
AND THE SUPPLY OF

SECOND USER TEST AND

MEASUREMENT EQUIPMENT

AND DEC COMPUTERS

TELEPHONE 01-267 7010

PL320 0-30V 0-2A Digital

€145
PL310 0-30V 0-1A £118
RECORDERS
PHILIPS
PMB154 X-Y Graphics Plotter
IEEE or RS232 £1025
PMB043 X-Y A4 £€1075

EPROM

PROGRAMMERS

G P ELECTRONICS

P 8030 Programmer £1295

P 9020 Programmer £995

UV 141 Eprom Eraser £78

MISCELLANEQUS

PRODUCTS

PHILIPS _

PMB6303 Digital Automatic
Bridge £695

THURLBY ‘

OM 358 Scope Multiplexer

£169

CM 200 Digital Capacitance
Meter £89

HEWLETT PACKARD

141T Mainframe
(MLP £4353) £2650
1715A opt. 001
Scope. 200MHz
(MLPE3705) £2450
3575A-01 Gain/Phase Meter
(MLP £4334) £2450
3585A Spectrum Analyser
(MLP £20069) £16650
4204A Decade Oscillator
(MINT) (MLP £1801 £760
4815A Vector Impedance
Meter £3950

8013B Pulse Generator
SOMHz (MLPE£1280) £750
85A Computer £1250
85528 IF Section
(MLP £4526) £3500
8555A RF Section
(MLP E£9304) £€6500
B8601A Sweeper 110MHz
(MLP £4502) £1950
8620C Sweeper Mainframe
(MLP £3180) £2100
862228 Piug In.
0.01-24GHz
(MLPES741)£4850
86240B Plug in. 2-8. 4GHz
(MLP £6360) £4200
86260A PlugiIn. 12.4-18GHz
(MLPE4675) £3600
9825A Desk Top
Cal/Computer £2950
RACAL
Store 405 FM Taperecorder
£3950

Store 7DS FM Taperecorder
£6150

TEKTRONIX
1503 TDR
(MLP £5911) £3000
464 DM44 opt. 04,05,
Storage Scope 100MHz
(Unused Cond)
(MLP £7615) £4650
465 opt. 04,07 Scope.
100MHz (MINT) ~ €1650
475A Scope. 250MHz
(MLP £4453) £3300
4391 Spectrum Analyser
1.5GHz-12.4GHz £3000
4391 Spectrum Analyser
15GHz-18GHz = £3500
431 Spectrum Analyser
1.5GHz-26.5GHz £4000
4391 Spectrum Analyser
1.5GHz-40GHz = £4500
921A Vectorscope
(MLP £7914) £4500
5223 Mainframe
(MLP £5605) £3600
576 Curve Tracerc/w 172
(MLP £18560) £9000

577/D1 Curve Tracer
(MLPE7272) £4000
7104 opt. 03 Real Time
Mainframe 1GHz
(MLP £26348) £16500
7704A Mainframe. 200MHz
(MLP £50384) £2950
7904 Mainframe. 5S00MHz
(MLP E10371) £6950
AMS02 Amplifier
(MLP £1404) €695
FG504 Function Generator
0.001Hz-40MHz
(MLP £2888) £1650
PB015 HV Probe £450
P6302 Current Probe £350
PGS02 Pulse Generator
10Hz-250MHz
(MLP £2831) £1750
PG508 Pulse Generator
5Hz-50MHz
(MLP £2384) £1250

PROCESSORS

PDP11/70. PDP11/44
PDP11/34A, PDP11/45
POP11/40, PDP11/23,
PDP11/03, PDP8E, PDPBA

MEMORY

MS750CA, MS780DA.
MJ11AM, MJ118M
MK11CE, MK11CF MM11DP
MM11L, MM11UP. MS11JP
MS11KE, MS11LB, MS11LD
MS11MB, MS11PB. MMBAA
MMBAB. MMBE. MMBEJ.
MSBCA, MSBCE, MS8D.
MSV11DC, MSV11DD,
MSV11LK, MSV11PL

DISC DRIVES

R8O, RABO, RKO5, RKOS,
RKO7, RLO'I RLOE RMO2
RMO3. RMO5, RMB0, RPOS,

RPOB, RPO7,RX01, RXO2

MAGNETIC TAPE
TE16,TS11, TUTO, TUS8,
TU77

CONTROLLERS

RH11. RH70, RH750,
RH780, RKB11, RK711
RKBE, RK110, RLBA, RL11
RLV11, RLV12, RXBE, RX28,
RXV11. RXV211 RX11,
RX211. TM8E, TM11. TMB11
SC71

VDUS

VR17 VT05, VT52, VT55,
VTB2, VT78, VT100, vT102
VT103, VT110, VT125,
VT180, V1278
PRINTERS

LA30, LA34, LA35. LA36
LA180, LPO4, LPOS, LPO7,
LP25, LP200. L5120, LXY(01
OPTION MODULES

Too numerous to list

Listed abave 15 just a very small selection from our huge mventory
\Whatever your requirements in test equipment or DEC computers
please call us.

\We are sure that we will be able to help.

=
=

Electronic Brokers | —

CIRCLE 71 FOR FURTHER DETAILS.
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= |[ Electronic Brokers Ltd., 140-146 Camden Street,
] — London N1 9PB. Telephone 01-267 7070. Telex 298694.
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A low-cost professional Logic Analyser
the new Thurlby LA-160

m 16 data channels, expandable up to 32
m 2,000 word data acquisition memory

® Non-volatile reference memory

m Powerful search and compare facilities

An essential instrument for today’s electronics

An oscilfoscope and logic probe
are not enough to unravel the
complexiiies of today's electronic
equipment. A logic analyser is
now the essential tool for digital
electronics work both hardware
and software. With prices
measured in £1,000s, however,
many engineers have been denied

Thurlby LA-160 with performance
exceeding many  high-cost
analysers but at a price measured
in £100s.

The LA-160 enables digital infor-
mation to be precisely recorded
and then examined in detail either
as a data state display or as a

from £395 vat

Clock rates up to 20MHz

Data state and logic timing displays
Binary, octal, decimal or hex formats
Hard-copy data print-out option

logic timing diagram (via the
user’'s own oscilloscope).

the use of one. Until now!

innovative design and high volume
production using the latest com-

ponent technology provide the
Thurlby Electronics Ltd., New Rd.

/I Thu lb + St.lves, Huntingdon, Cambs. PE17 4BG

designed and built in Britain  1el: (0480) 63570 Tix: 32475

Contact us now for a full colour
technical data sheet.

CIRCLE 24 FOR FURTHER DETAILS.

The world’s most advanced low-cost bench multimeter!
Thurlby 1905a £325.var

A complete high performance bench DMM

® 5% digits; 0.015% acc; 1uV, TmQ , 1nA.

@ Full ac and current functions as standard

A sophisticated computing and logging DMM
® Linear scaling with offset; null/relative

@ Percentage deviation; running average

® dBV, dBm general logarithmic calculations

@ Limits comparison; min and max storage

® 100 reading timed data logging

® RS232 and IEEE-488 interface options

Thurlby Electronics Ltd // Thurlb N Za
[ uri y/,+
ZaiN

New Road, St.lves, Cambs. PE17 4BG
designed and built in Britain

Tel: (0480) 63570
from £209
the most competitive prices + VAT

the quality and performance that vou'd

CIRCLE 26 FOR FURTHER DETAILS.

@ Hitachi Oscilloscopes the highest quality

‘@@

@%%@@&&%w
@‘9@

Hitachi Oscilloscopes provide
exvpect from such a famous name. with a newlv-extended range that repre-
sents the best value tor money available anywhere

V212 20MHz Dua! Trace V-209 20MHz Mini-Portable
(illustrated) V-509 SOMH/ Mini-Portable
Vv-222 20N1H 7 Dual Trae V-1050F  100MH/ Quad Trace
V-203F 20MHZz Sweep Delay V-1100  100MHz DMM ‘counter
V-353F  35MH7z Sweep Delay Vo134 10MH 7z Tube Storage
V-422 JONTH 2 Dual Trace VC-6015  10MH/ Digital Storage
V-650F  60MH7 Dual Timebase VC-6041  40MH7 Digital Storage

Prices start at £299 plus vat (model llustrated) including a 2 vear warranty.
We hold the complete range in stock tor immediate dehvery.

o TGN OSCRLONCOPE V-212 Sl

For colour brochure giving specifications and prices ring (0480) 63570
Thurlby-Reltech, 46 High Street. Solihull, W. Midlands, B9t 318

CIRCLE 27 FOR FURTHER DETAILS.
16 ELECTRONICS & WIRELESS WORLD FEBRUARY 1985

e




3 ey X %
\
—
DISHED e
WASHER ————-—‘l —— \
T— s > Y/
OUTER g D
INSULATION —f
The toroidal transformer is now accepted as the standard in industry,
overtaking the obsolete laminated type. Industry has been quick to
recognise the advantages toroidals offer in size, weight, lower radiated Ny V«i"sﬁﬁ?
field and, thanks to I.L.P., PRICE. WINDING
Our large standard range is complemented by our SPECIAL DESIGN INSULATION"
section which can offer a prototype service within14 DAYS together
with a short lead time on quantity orders which can be programmed PRIMARC\;‘
to your requirements with no price penalty. WINDIN = END CAPS
15VA 50 VA 120 VA 225 VA 22K 140 G.réoo VA ”
62 x 34mm 0.35Kg 80 x 35mm 0.9Kg 90 x 40mm 1.2Kg 110 x 45mm .2Kg x 60mm ] R
Regulation 19% Regulation 13% Reguiation 11% Regulation 7% Regulation 4% %g;;:’;’s‘?‘: -y "
ize & weight to mee
2x010 6+6 416 4x01 6+6 1000 6x012 12412 938 8x016 25425 10 00 B £
SE:;ES SEC\?;'E‘" c::.Sm 2:0‘ 1 9+9 277 ax011 9-9 666 6x013 15415 750 8x017  30+30 833 modern ‘slimline’ requirements.
2x012 12412 208 4x012 2412 500 6x014  18+18 625 8x018  35+35 719 *  Low electrically induced
0x010 8+5 125 2x013 15415 166 4x013 15415 400 6x015 22+22 511 8x026 40+40 625 G ded b .
0x011 9+9 083 2x014 18+18 138 4x034 18418 333 6x016 2525 450 8x025  45+45 555 noise demanded by compac
0x012 12412 0863 2x015 22+22 113 4x015 22422 272 ngig g;ﬁgg g;? 8x033 50+50 500 equipment,
0x013 15475 050 2x016 25425 90 4x016  25+25 240 6x01 + Bx042  55+55 454 M B s ;
0x0ra 18418 042 2x017 30430 083 4x017  30+30 2.00 6x026  40+4( 281 8x028 10 454 High efficiency enabling
0x015 2222 034 2x028 10 045 4x018  35+¢35 171 6x025  45+45 250 8x029 220 227 conservative rating whilst main-
0x016 25425 030 2x029 220 022 4x028 10 109 exosg 50+go ggg 8x030 240 208 taining size advantages.
7 30430 025 6x02 1 .
o i ; 21030 240 020 oo e o sioze 220 102 625 VA *  Lower operating temperature.
4x030 24D 0.50
{encased in ABS plastic) 80 VA . 8x030 240 93 140 x 75mm 5Kg
o
30 VA 90 x 30mm 1Kg o ey 18Kg 300 VA Regulation 4% Why ILP?
70x30mm  0.45Kg Regulation 12% Regulation 8% 110 x 50mm 2.6Kg 9x017 30430 1041
Regulation 18% e B e . - X Regulation 6% 08 i 333 | T Exstock delivery for standard
12010 646 250 g:g:; ‘g;?z ;;; 5xm§ 12412 sgg 7x013 15415 10 00 9x025 45+ 45 694 240V range
1%011 9+9 166 5x01 16+15 5 7x014 18418 833 33 50-50 625 & . .
X012 1212 128 3013 15415 266 5014 18416 asa 015 22422 682 S 2k i% | [Fastprototype service available
%013 15415 100 3x014  18+18 222 5x015 22422 363 7x016 25425 600 9x028 110 568 3 weeks despatch for special
1x014 Be 18 083 3x015 22422 181 5x016 25+25 320 7x017 30- 30 500 9x029 220 » 84 orders
1015 22- 068 3:016 25425 1 60 5x017 30430 266 7x018  35+35 428 3x030 240 266 . .
1X016  25+¢25 060 glg;; 3?;30 l‘)gg 5x018  35+15 228 7x026  40+40 375 2 year no quibble quarantee
1x017 30+30 050 x 5x026 40+40 200 7x025 45445 333 " i
3x029 220 036 5.028 110 145 IR oot a2t No price penalty for
3x030 240 033 5x029  22C 072 7x028 10 272 call-oft order
5x030 240 066 7x029 220 136
7x030 240 125
Prices including P & P and VAT Mail Order — Please make your crossed o .
v cheques or postal orders payabie to |LP Post to: | LP Electronics Ltd., Dept. 3
VA Size £ VA  Size £ Electronies Ltd. Graham Bell House, Roper Close,
5 0 7086 160 5 1217 ; v
30 1 767 225 6 1375 _Trad:df We will open your credit account Canterbury, Kent. CT2 7EP
50 2 8.90 300 7 14.97 immediately upon receipt of your first 3 .
80 3 10.06 500 8 19.60 - Tel: (‘0227)454778 Telex: 965780
120 4 10.65 625 9 22.30
For 110V primary insert "0 in place of “X" in type number.
For 220V primary (Europe) insert “1" in place of *X' in type number —— [ ]
For 240V primary (UK) insert “2" in place of “X" in type number. VISA
IMPORTANT: Regulation — All voltages quoted are FULL LOAD A I
Please add reguiation figure to secondary voltage to obtain off ioad voltage
ELECTRONICS LTD.d

CIRCLE 40 FOR FURTHER DETAILS.

/m NEWRAD INSTRUMENT CASES LTD
Unit 19, Wick Industrial Estate, Gore Road, New Milton, Hants BH25 6SJ. Tel: New Mitton 615774/621195

WE MANUFACTURE BEAUTIFUL ENCLOSURES, AND THEY ARE NOT EXPENSIVE.

PLUG-IN MODULE SYSTEM . RECESSED CONTROL PANEL ’ FLAT CONTROL PANEL
Where can you buy a fully enclosed 2U height 19" rack mounted enclosure 300mm depth for
£18, that has a recessed front panel and high quality extrusions?
LET US PUT 10 YEARS EXPERIENCE AT YOUR DISPOSAL. ASK FOR OUR CATALOGUE.

CIRCLE 68 FOR FURTHER DETAILS.

VIDEO TERMINAL BOARD

* 80 characters X 24 lines *

Requires ASCIl encoded keyboard and monitor to
make fully configurable intelligent terminal. Uses 6802
micro and 6845 controller. Program and character
generator (7 X 9 matrix with descenders) in two 2716
EPROMs. Full scrolling at 9600 baud with 8 switch
selectable rates. RS232 interface.

Bare board with 2 EPROMS and program listing —
£48 plus VAT. Assembled and tested — £118 Send

for details or CWO to:
AWM Electronics
m Wood Farm, Leiston, Suffolk IP16 4HT
eiecreonics | Tel: 0728831131
k____ CIRCLE 52 FOR FURTHER DETAILS.
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PPM2, PPM3 and 20 pin DIL 1)
hybrid PPMS drivers and Y
Ernest Turner movements. "
Stereo Disc Amplifier 3 and 4 ¢

10 Outlet Distribution Ampli-
fier 3

Stabilizer and Frequency
Shifter circuit boards

Broadcast and C i
tions Receiver 150kHz-30MHz
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Stereo Microphone Amplifief :
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Mov;ng Coil Preamplifier

Peak Deviation Meter and
Chart Recorders

SURREY ELECTRONICS LTD
The Forge, Lucks Green, Craniolgh
Surrey GUS 7BG. Tel: 0483 275997




TELEVISION

Cable and satellite
tv come together

Nigel Cawthorne reports from Catcom 84 in

Switzerland

Organised by the Swiss
Cable-TV association, the
catcom ’84 conference and
exhibition held in Luzern in
November 1984, brought
together international experts
in the fields of cable and
satellite TV.
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Switzerland, with its mountai-
nous terrain, is one of the most
“cabled” countries in the world.
Over 50% of Swiss households are
connected to cable tv and there
are over 110 independent cable
operators in this, one of Europe’s
smaller countries. Luzern, right
in the centre of Switzerland was
thus an appropriate location for
the first “Catcom” cable tv and
communications exhibition and
conference.

Cable television is both a new
science and an old one. Originally
cable tv was the means of bring-
ing pictures to viewers who were
unable to receive signals directly
from the broadcasters own trans-
mitters. Cable tv in its early days
was a “fill-in” service and was
very limited in its objectives and
services, whereas the cable tv
systems being planned today are
a major component of the com-
munications and- information
revolution.

In the UK, the arnval of new
franchise cable tv companies,
such as Swindon Cable which in
September 1984 was the first to

come on-air, brings the possibil-
ity of a completely new range of
services into the home which will
soon go far beyond the retrans-
mission of a handful of tv signals.

The cable that carries tv pic-
tures into the home will also be
the means by which the viewer
receives a wide range of informa-
tion services and through which
he will be able to communicate
out from his home and procure
services. Interactive services will
allow the viewer to do shopping,
banking, obtain information as
well as receive large numbers of
TV and radio programmes all
from his armchair.

Cahle bandwidths

In modemn cable tv systems,
coaxial cable is used to bring the
signals from the head-end into
the viewers home. The band-
width of current systems extends
up to 450 or 500MHz. The lower
frequency end of the new cable tv
systems for outward transmis-
sion is around 50MHz. In the UK,

certain frequencies have to be

avoided within this bandwidth as
part of the cable regulations. Also
cable companies are advised to
avoid the amateur band frequen-
cies as both leakage out from the
cable and leakage into the cable of
signals create mutual problems
for the cable company and for the
amateur radio operator.

Amplifiers and corrector cir-
cuits are required to ensure that
the signal delivered to the tv
viewer is at the correct level. The
attenuation characteristics of the
cable used change with fre-
quency. The higher the frequency
of the signal within the cable the
greater the attenuation. The
numbers of channels availablein a
cable system is proportional to
the bandwidth, whereas the
attenuation of signals is approxi-
mately proportional to the square
root of the frequency, see graph.

Feedforward amplifier tech-
niques with their significantly
reduced third-order harmonic
distortion, and other techniques
are used to extend the range of
existing cables. Although tradi-
tionally the coaxial cable has been
the main bearer in cable tv sys-
tems, the advent of optical fibre
cables will lead in the long term to
coaxial cable being used less.
However before optical fibre
cables are brought into common
use, a few problems remain to be
solved.

Optical fibre cables

The immediate attraction of opti-
cal fibre cables are their band-
width capabilities and the relative
cheapness of the fibres them-
selves. Also, they are totally
immune from interference prob-
lems due to signal leakage. Signal
leakages in both directions can be
a major problem in coaxial cable
systems.

il
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Using analogue modulation
techniques, today’s fibre optics
are yielding impressive results.
Using an f.m. tv carrier, one
channe] has been transmitted
repeaterless over 90 km. How-
ever in the future, it is p.c.m. that
is likely to become the preferred
mode for transmission of tv sig-
nals through fibre optics.

Low cost digital v.1.s.1. codecs,
which code and decode the video
signal into p.c.m. format, are the
key to this important next step in
cable television transmission.
Developments in this field are
currently taking place in several
companies.

Digitally modulated video
requires a comparatively large
bandwidth, but yields a high pic-
ture quality which is practically
uneffected by the use of succes-
sive repeaters, provided that suf-
ficient levels of quantization steps
are used in the codecs.

New monomode fibres as
described at Catcom ’'84 by
speakers from the Institute for
Applied Physics in Zurich, would
have a capacity of 1 to 2Gbit/s,
and be capable of repeaterless
operation over tens of kilome-
tres. Such capacity would be
enough to accommodate several
tv signals per fibre.

Although coaxial cable will
undoubtedly be used for many
years to come in cable tv and
communications networks, the
potential of fibre optics as a dis-
tortionless trunk carnier of
several broadband tv signals will
begin to be fully realised just as
soon as low-cost codecs become
readily available.

Satellite signals

The first satellite television chan-
nels are currently operating on
the ECS and Intelsat communica-
tion satellites, transmitting sig-
nals towards the Earth which
need relatively large dishes (e.g.
about 3m or 4m) for reception.
By the end of 1985 there will be
several dozen television pro-
grammes available for the cable tv
operator to provide to his sub-
scribers.  This number will
increase further as direct broad-
casting satellites are introduced.
DBS transmissions will be higher
powered than those coming from
the communications satellites
and they will be receivable with
smaller dishes (less than 1m).

3SAT comes on air

Hailed as a new concept in satel-
lite broadcasting, the German

speaking 3SAT  programme
started transmissions on Decem-
ber 1, 1984 and carries a com-
bined programming from Austria,
Switzerland and West Germany.

Programmes are prepared in a
central studio complex in Mainz,
and are transmitted up to the
ECS-1 satellite from the West
German earth station at Usingen.
Transmission of 3SAT pro-
grammes is made on ECS1’s East
Spotbeam. As well as covering
the three programme supplying
countries, the East Spot footprint
also covers large parts of Yugos-
lavia, Hungary, and Czechoslo-
vakia. Where cable tv systems
exist in these eastern countries,
3SAT organisers believe that
there may be a demand for their
programming. The main purpose
of the programming is to cover
Austria, West Germany and the
German speaking parts of Swit-
zerland. The three broadcasting
authorities: Germany’s ZDF,
Austria ORF and Switzerland’s
SRG will each be providing about
equal amounts of programme
material.

Leo Schurmann, Director Gen-
eral of the Swiss Broadcasting
Corporation, used the occasion of
Catcom ’84 to introduce the 35AT
project to both the Swiss and
international cable tv profession-
als attending the conference. Cat-
com '84 also brought together
specialists from the fields of both
cable tv and satellite communic-
ations. The papers presented at
the conference were divided into
two streams: media-political and
technical. There were a total of
over 40 papers presented by
speakers from Europe as well as
the US and Canada.

North American cable tv

North American cable tv is now
described as a “mature industry”
whereas for most European coun-
tries cable tv is still relatively
new. New European cable oper-
ations need to look at the experi-
ence gained in North America in
cable tv to avoid possibly making
some of the same mistakes.

One area where direct compar-
isons cannot he made between
North American and European
cable tv relates to picture quality.
The North American viewer suf-
fers from a poor off-air picture
quality, which cable operators
seek to improve. Cable operators
also offer additional programm-
ing. Because colour tv in Europe
started later than in North Amer-
ica and could therefore take
advantage of improvements in
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techniques over the NTSC colour
coding system, picture quality, or
lack of it, has never been such a
critical problem in Europe as in
North America.

As described by one Catcom
‘84 speaker: “The American
cable systems business has
evolved in a market environment
in which variety, i.e. the number
of signals, is more important than
the image quality.” Unlike in the
UK where alternate channels are
commonly used for the transmis-
sion of tv through cables, US
cable systems operate with adja-
cent channels to pack the most
signals into the least bandwidth.

Canadian catv consultant
Israel Switzer proposed that a
higher quality picture service be
made available on North Ameri-
can cable networks for premium
programming by using three
6MHz channels together to
transmit frequency modulated
tv signals requiring a bandwidth
of 18MHz. Higher quality tv
receivers would be used to
demodulate the f.m. signal
directly.

FM tv signals would be trans-
mitted on channels within the
normal 5-500MHz range of US
cable tv systems. This would be
a method of bringing a profes-
sional grade of broadcast tv pic-
ture to the viewer on existing

525-line standards, before high
definition tv is introduced. The
same modulation techniques
would be used to obtain profes-
sional grade transmission as is
used for the transmission of tv
signals from satellites. The tv
receiver in the home would be
receiving at cable tv frequencies
rather than at the 12GHz used
in satellite transmissions. Swit-
zer described this as a method
of bringing the tvro into the liv-
ing room!

The four foot-prints (Spot
West, Spot Atlantic, Spot
East and Eurobeam) of the
ECS-1 communications
satellite that is also used for
the transmission of television
signals to cable head-ends.
3SAT, the new German
language satellite based
programme that started
transmissions on 1 December
1984 using the East
Spotbeam, is produced as a
cooperative venture between
German ZDF, Australian
ORF and Swiss SRG.

Bottom: Wiring up the first of
the UK’s new franchise
cable-TV networks, Swindon
Cable. From the kiosk, the
50-440MHz bandwidth
signals are distributed to
households. Interactive
services, that will eventually
need to return a signal from
the household back to the
central computer will operate
on the cable in the range 10-
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SARELS
XIXINMICRO

SET THE
STANDARD

B XIX™ Micro — NO ASSEMBLY (except accessories).
— NO DELIVERY CHARGES.

B XIX™ Micro's advanced design enables corners to be
internally welded for additional strength.

B XIX''s removable side panels and full range of
accessories provide a greater flexibility of application.

B XIX™ has the option of smoked perspex doors,
which are flush fit but still leave a 60mm space in front
of the uprights.

B XIX'N Micro is available in ex-stock sizes of
12u, 13u, 18u or 24u with a depth
of 600, 700 or 800mm.

Please send me full details of how Sarel’s XIX~

Micro sets the standard. I
Name = C Rl - ——

' Company _ o N |

' Paosition_ — I — l

Hpa Address. l

Telephone
EWW/2/85

Sarel Limited.

Cosgrove Way, Luton, Beds.
Telephone: Luton 20121

%W cHroe!

CIRCLE 28 FOR FURTHER DETAILS.

TRANSFORMERS EX-STOCK

MAINS ISOLATORS
Pri/Sec 120V x2
(60— 1000 Tap Secs)

Price P&P
5.82 1.60
9.49

11.08 2. 00
15.69 2.25
1897 264
2347 2.10

500 2.3 2.95

750 128 3.70
1000 53.00 4.00
1500 68.37 470
2000 8227 5.10
3000  115.35 0A
6000  203.65 0A
*115 or 240V sec only.

400/440 to 200,230V CT
VA Price P&P

60 9.50 1.80
100 11.08 200
200 15.68 2.25
250 1897 240
350 2347 2.70
500 p.-Fx) 295
1000 52.98 4.00
2000 8227 5.00
3000 11537 0A
6000  228.75 0A

24/12V or 12-0-12V
2x12V Secs. Pri. 240V
12V 24V Price P&P
03A 15 241 90

1 5 319 120
2 1425 120
4 2 491 160
6 3 769 160
8 Ao 4 B89 160
10 M 5 98 180
12 p 6 108 130
16 § 8 1297 212
20 101746 244
30 15 2169 264

60 30 445 D0A
83 41 5120 450
96/48V. Pri 2x 120V
Secs 2x36/48V
60,72,84,96,36-0-36
or 48-0-48v
729 36/48V Price P&P
034 1 837 1.2
A 1469 2.20

o w
-
S e
g
8
w
&
(=]

50/25V or 25-0-25V
2x25V Tap Secs Vofts
available 5, 7. 8, 10, 13,
15, 17, 20, 25, 30, 33. 40,
20-0-20 or 25-0-25V

05 11 413 140
1 ¢ 503,150
2, 41 863 184
3A 65 103 1%
aM g 10 202
6P 12 18m 22
85 16 2052 270
0 20 3023 300
12 24 3618 320

60/30V or 30-0-30V
Pri 2x120V. 2x30V Tap
Secs. Volts available
6, 8, 10, 12, 16, 18,
20, 24, 30, 36, 40, 48, 60
24-0-24 or 30-0-30V.
60v 30V Price P&P
0.5 1470 150
2 715 150
4 920 1.90
1331 200
g 1515 2.20
10 1916 220
12 2186 265
16 3072 3.00
20 3576 330
24 4122 350

MINIATURES

SecV Amp  PriP&P
303 24 31 90
6x2 1Ax2 345120
9-0-9 1 259 90
9x2  33x2 241 90
89x2 5x2 3.36 1.20
89x2 1Ax2 427140
15%2  2Ax2 241 90
12-0-12 .05 in 90
20x2  3x2 339120
20x2  15%x2 150 .50
20,12,0

1220 9 413130
15,20-2 1AX2 560 160
15,27x2 5x2 483 1.40
15,27x2 1A%2 1.30 1.60
0-7.5-15V 0-5A2.53 90
0-7.5-15V 4A 6.901.40
0-27V 1A 1.50 .50
9-0-9v 1A 2.20 .60
100v line to 4Q

10w 3.2010.90

oD

RO®DU & wh —
»oT>
o

50V 25V Price P&P 3OV

30/15V or 15-0-15V
2x15V Tap Sec. Volts
available 3,4,5,6,, 8, 9.
10,12,15.18. 20, 24, 25.27
300r 15-0-15V
15V Price P&P

0.5A 1 319 120
1 2 432 1.40
2A 4 693 160
IM 810 185
4P 8 9.67 190
58 10 1195 200
6 12 1352 200
8 16 1810 226

10 20 2088 226

12 24 B2 25

15 30 2660 3.00

20 40 3564 483

AUTOS
105, 115, 220, 230, 240V

For step-up or down
VA  Price P&P
80 484 140
150 648 160
350 1184 2.00
500 1330 224

1000 2414 2.80
1500 B 320
2000 4214 400
3000 ne4 480
5000  108.30 0A
CASED AUTOS
240V to 115V USA skts.
VA Price P
20 0 150
80 9.35 1.60
150 1210 190
250 14713 200
500 2414 2.20
1000 33.74 2.80
2000 60.47 450
EDUCATIONAL METERS
Front finger screw
terminals 78x98mm

0—10AD.C. £3.98each

INVERTERS
12/24VDC-240VAC
100W.......... £65.15
250W . . £172.70
500W .. £196.19
1000W .. .£396.72
2000W. .. .. £779.90
4000W .. £1160.00
CONSTANT VOLTAGE
TRANSFORMER 1%
Spike-iree stable mains
250VA .........£172.40
500VA .. . £196.69
1KVA .. .. £338.40
2KVA .. £594.50
3KVA ... £951.73
4KVA .. £1266.00
SKVA .. .. £1531.00
B6KVA . £1743.00
7.5KVA £2073.00
10KVA ... £3347.00
AVOs & MEGGERs
8Mk6(latest)  £138.70
0A211 LCD £68.40
DA200V £72.80
DA116 LCD. £154.50
DA117 AUTO  £157.00
Megger Gen £116.40
Batt Megger £85.50
P&P £2 VAT 15%

V.W. MODEM PROJECT
Transtormers 71, T2
£6.90 in VAT, P&P

METAL OXIDE W

5% RESISTORS £1/100

12,20, 33, 47, 75, 390, 430,
51002, 560, 1k, 1kJ, 1k3,
1k6, 1k8, 2k, 3k, 3k9, 15k,
16k, 24k, 27k, 39, 56k,
82k, 100k, 110k, 120k,
130k, 150k, 200k, 220k,
270k, 300k. P&P 20p.

BRIDGE RECTIFIERS

400V1A .32

0-30vDC.  50p&p 200V2A 45
PLEASE ADD 15% VAT :u " ooven %g gg
ALLITEMS AFTER P&P ggg\\ll 15202 A £3.40

BARH L IR |

Unit 21 prd Workshop

. ora f0ad, Lonaon P

CIRCLE 37 FOR FURTHER DETAILS.

SATELLITE TV RECEIVING EQUIPMENT

Receivers, Do

Horns availab

available — p

Latitude.

1.9M, 2.5M and 5M Dishes.

wnconverters,

Low Noise Amplifiers, Feed

le.

Complete systems installed
anywhere in the world. A full
report on reception
feasibilities at any location is

rice £25.00.

Please state Longitude and

For further details contact

HARRISON ELECTRONICS

22 MILTON ROAD, WESTCLIFF-CN-SEA, ESSEX SS0 7JX Tel: (0702) 332338

CIRCLE 55 FOR FURTHER DETAILS.

WELCOME...

HUNTINGDON

“ANALYSER”

CAMBS. UK. PE17 4EB
TEL: 0480 61778 TELEX: 32339

For further details write or phone NUMBER ONE SYSTEMS

DEPARTMENT WW/
9A CROWN STREET, ST IVES

ELECTRONICS C.A.D.

PERFORMANCE ANALYSIS of LINEAR CIRCUITS using the BBC MODEL B AND
SINCLAIR SPECTRUM 48K MICRO'S

Simulates Resistors, Capacitors, Inductors, Transformers, Bipolar and Field effect Transistors, and
Operatonat Ampilifiers in any circuit configuration.

Performs FREQUENCY RESPONSE ANALYSIS on Circuits with uj
Components, for Phase and Gain/Loss, Input Impedance and
Ideal for the analysis of ACTIVE and PASSIVE FILTERS, AUDIO. WIDEBAND and R F.
AMPLIFIERS, UINEAR INTEGRATED CIRCUITS etc., etc.
"ANALYSER" can greatly reduce or even eliminate the need to breadboard new designs
USED BY INDUSTRIAL AND UNIVERSITY R&D DEPARTMENTS WORLD WIDE

VERY EASY TO USE. PRICES FROM £20 ACCESS OR AMERICAN EXPRESS

to 16 Nodes and 60
utput Impedance.

MK

CIRCLE 62 FOR FURTHER DETAILS.
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QUALITY COMPONENTS FROM CRICKLEWOOD! This list contains only a
FR?CTION OF"OUR STOCK, which is constantly being updated. Priees quoted
acroe" eor onGe-ofés Bquantlty discounts by negotiation. Official orders from Schools,
ORDg%Sé Aocuf(.:k ggﬁ et$|w§lc?(mm.kWE SPECIALISE IN CREDIT CARD PHONE
+159, VAth i WlAl(l: eck stock position and current prices. Add 60p p&p
b o all orders. Allin-stock items despatched same day unless notified.
PRICES SUBJECT A [
TOCHANGE  pem 20 Y SR ACE
] AN CATALOGUE
10718V 21p ! 7442 BSp | 74L$112  45p | 4006 68 ADCO816
ww/asv 31p|7444  99p | 745113 45p| 4007  25p 20800 anany) SebiEC2lAL 1%p
15/16V  28p|7445  99p [74L811a 45p5|4008  83p | ADCOBIT 2INE2 HE s
15/25V  32p|7446  75p | 748122 69p| 4009 55 1 32 EujiBcsony oo
CARBONFILM |22/53v  20p17447  99p | 74L8123 85p| 4010 5 P| SNoaa orlBE30s  Sop
SRHIGHSTAB |22/16v  32p| 7448 S0 | 7as1o8 2P1a000  Ion | MV ek INS2AS (BE30S 3%
ISE — (33/10v 7450 ] [Tl
1,%%73 :713\' 323 7451 323 74LS1251'238 .;‘2}% %22 ROB‘SL% 232;3(95 358 ggg% 3?.8
i e I BIAEE Se el NS GG 5
WE24  3h . 45p(BC447 33
LI | D 1 AP S i S L < B
WET2  12p 7472 agp | 7418138 Sp e o 4 s
METAL FiLM T A |7asile bladae Rl %00 2 cacd B2
ULTRASTABLE |  ELECTRO- | 7474 a9 | 7413145 59p 402? 22 | saaso L S
(i.gws‘)gRA YTICS 7475 492 7415147 P 4022 653 2 1p ;zgm ggp Sg”g s
fSF ! p|BC479 38
st | uey R g B 5 sweong AR RESE 8
20 Ve p 4 3p|BCS5a7  19p
TS AXIALhS(Vgnres 7481  1.75p 1.36p[ 4026  150p | SAAS030 IN5451 66p|BC548  16p
LONOHMIC | poachond) 7482 95 |7aLS1S1 Bopf 4027 3% INE457 63p|pceas 17
022Wuto |7 63 op Tata 3?,‘; Jasies o205 5o y T5.95p | No450 2;5 BCsb0C 295
W T D G s O
WIREWOUND |1~ 100 10p|7488  1.99p | 743158 69p pr SR 4 &> 95| 2N5551 260 |BCSso 1w
ONCERAMIC | 1 500 46p|7490  55p | 7415160 75p 3035 1355 3MA%0% 2N%537) BCséoc 29
EIJSERIES |22 25 op|7491  65n | 74L3161 75p | 403 o == 22%|BC639” 370
2103W0220 (22 63 10p|7492  Gop | 7413162 759 038 2500 | AT 2N5 C 37p
103300 280132 100 13p|7493 650 | 74L5163 75p ) 4038 & A 10p|BCES0  45p
romwosTallizz 3ap|749a 109 | 7415164 75p| 4030 589 FES | Gap | 2Nse8a Beesil o
o theaP|33 Tdoiplracs ot |7alSies C|40a1 S5y 8T 10op | ansass By 332
1033 37p[a7 35 10p|7a97  1.99p |74LS166 3 aon | Bivdas 2o 480piBcy2 29
47 50 13p|74100 1399p 1 45p | 8135 2300 | aNG027 600 80131 630
47 &3 1ap|7a108 6op TP 2048 Son | Birser 2aep| 2o 80132 63
- 4 P P
47 100 16p|74105 59 80135 38
10 25 9p|7a107  a9p|74L$169 99p 6355 " 3aog| 2Ne03! BD136 385
AACT MM 10 50 14p|74109  69p | 74LS170 4047 59p | 656224 5223 2N6058 Soioe
GELE 19 53 1ee|7ati0 69 165p)| 2048 5ap | 6532 525 el oaaoll 258
p[74116 1.65p | 74LS173 99 9 5 5
10 350 aen|7at1s 'San| 748172 905 4080 don|eGac 4 5ep|2neoss Dia0y 132p
ROTARY POTS |39 930 33P |74 » 4 pjj 6820)  13)75p 3860 |BD237 98
LowNoise (32 23 13017 }19 179 ;4LSI75 75p | 4051 65p [ 6845  643p 802347 feon)
% SPINDLES |32 &5 16p|74120 96 | 74LS181 4052 55p|8BAT 649 | NGy BD239A 655
ESSERIES . |35 150 290 |74 49p 1.99p| 4053  55p 8154 onorder BD23C €90
4K7 1o ZM LIN p|74122  65p [ 74LS183 4054  79p | 8165 on order (f
&7 2siep|7adl 7o 199p (4056  79p|8212  amsp|2N6122 o |BD240A E8p
0p 74125  75p | 74LS$190 8! . (i
K70 2MLCG a7 63 30p|7a128 720 [7ats10: o0 | a0 330|822 onorde [2Ne123 B0 kzn
- 47 100 32p|74128  65p | 74LS192 85p| 4063  85p | 8226 onorder 1154 [B02ANE 795
ey 10 16160 |7a132 7o |7als193 6op) 4065 b 18255 1398p | NG124 1802428 700
) 741 L
Ma'"ssw"cggp 190 50 200 |7a1a;  Gon Jaii5s 7on| 067 23m| G Mo125 ®lBD2a34 esp
resvoveseres | 190|320 (7122 2250 | 73106 o | 2088 Zop |zvomoanr | anerze | |BO0aA B30
puc ot 220 l0 Jop|7a1as 280 | 1as) S8p a0 5 znoasio) | onenze |7 BERAEE | 150
9
(DUSTPROOF) | 229 28 26p (74147 175p | 7415241 850 |4072 250 | sNa2sEg " | anero 7P| B4 1490
3100010 1220 63 o (7a1s0 TEp|7aszas gen|aore e i [[rosirs
CTOM2 1220 100 46p 74151 65p | 2415244 79p | 4076 5p | ZNA26E8 ENSISH 802494 2,30p
MiniVert  16p 370 16 250 | 74153 K3 n 950 799p 188p {BD249C 257
MiniHoriz 160 | 479 0 2o 74153 | 550 | 7405245 Sop| 4077 250 |znaz7Es 2N6132 802504 2 48p
Stendard Vert* |70 40 385 |7a155 | 9 | 7aL5246 990 | 4081 255 5 1660 BD250c 2 75
ontargra P 1470 63 50p 174156 89p | 7415249 991 | 4085 2o | Ina2sE8 2aeI3S) B0AN0 620
andardHore 1470 100 €9b |7a157  ogp | 7alsast Top|a0Be 5o B ety | 1T W A2FD
! p (74158  1.75p [ 74L5253 75p | 4089 1.1 21 145p
CERMENZC [ 1000 25 43p|74160 1.05p |7aLS257 75p 4093 35?5 93p((B0A33 169
prERN . | 1000 20 53p(7a161 105p [7aUS258 65p (4094 &9 ZNe212 80434 oo
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o TEESET e s [2200 16 53p (74163 89p 119 |4006  89p 2N6254 BD437  88p
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S0410500K 19200 50 80p {74164 99, 1199 30| Tooma_ | 26387 80433 1%
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3700 16 870174170 179 122p 4503 35p [7BUIBA  29p | 5on 408! 490|BDIS2 O30
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741508 7415365 IN3053  a5p|ACIBS,  2%p|BFISS  18p
POLYESTER 741309 2413368 N3054 er AC187K  49p | BF200 79p
250V RADIAL 740810 7aL3387 SN3085 GSD AC188K 49p|BF244A 61p
(€280} 74811 7405368 IN30BEH P {AD161 55p [ BF244B 55p
;gn:, ;gn: 741512 7415373 84p 3[0)1183 ?gp 32%223 ggp
nF 330 4| B i
B L mliin | P EE O
n 7p | 7401 Op { 741 - @
1500E.2000F | 7403 300| 74t5ay T IN3ea 9% |ecios  epsr2ace 79
s0nF 4701|7903 29| 7a522 7405393 550 | B¢ 1008 100| Sraars 1o
M ﬁ ggp ;:L5§7 109p| 8080, 2N3442 8CT108C 20p|BF254  66p
o | 740528 7415395 99p| BOB5 on order 3
oot Woolys0e  35jzatean 7418396 | 280ACPU N353 i BG o0y 1ab|BF2%E, o
u o | 740532 2.95p 295p 950 B
ey B 950 BC109C 21p|BF2568 5
ED |7a10  29p| 74538 7aLs399 o5 | NaTor 109 |SSl4r  4diEE2ST %
THROUGH (7411 29p| 741540 MEMORIES | 2N3705 16p| oc 148 10| aracg  aon
IF500V 35p (7412 29p| 74U842 7418445 2118 1950 [ 3N3706 160 | ocrag  1an|or22S 4%
HIGH VOLTAGE | 7813 aBp| 741547 26323000 " 15n3707 160 | oc1ee 49| oease  oon
Capacitors | 7414 59p| 74LS51 7415490 3.49p | JN3819 352 Bo15%¢ [Bo2gBntss 2%
pleaseenquire |7416  35p| 741554 agp| 25324000 583800 605 | B 10 40| Beas 19
gl 49p 345 0| 8C159  44p|BF900 133p
e P S0olpatssy 7415540 2564 7729 | N3 BC160  55p| BFI61 2.1
7421 3op| 7atera 7aLssar S P|2798 299 | anze03 '9%h|BCIel  s9p|BER0 22
7422 29p| 74LS76 1 2716 34% | 3N390s 16p| Bl iCoc 2| Brng) 2aP
7423 35p| 741576 7415640 2732 43% | 5N3905 17p| DS 1oe  aob| Bress  oob
TANTBEADS |7425  35p|74LS78 1985p| 2762 5190 | 2N3906 155 | Bcire  aob|BESRS 270
reealzaasl el | 37998 1990 p|BC178  29p|BFTE6 275
o p | 74LS83 74L8641 2N4036
22/35V  14p (7427 39p|74Ls85 p| 4116-1500 10ap| B417S 3le|BEX2S Mo
33/36V  14p (7428 39p|7. 1250 | ona037 Ll BCiea 1P| BEX30 4%p
335y Beojlazel 3 4118 d6on BC182L 15p| BFY50  36p
ssfasv 142 e 390 74L$90 4164 499 106p | gc183 1 BFY51 36p
sa3ov 147432 3op|7aLsez o1%6 ‘acn|2N4240 _ lecislL 1oplevRez 36p
22/35V 14p 7437  29p|74L895 6810 1550 | 3n4a00 - 21p| Biaos  1on| BSxBs 2550
3.3/35v  18p 7438 39p | 741596 4000 19p| MISLOGICIC's | 2M4401  27p gg%:% }gp 32;13 §9°
a7y 20p 7830 3%pi7aLSi07 4001 19p| ADCGBO4 INA402 260 BCa13L  185| Boxat  4oh
.8/35v  21p | 744 39pf 74LS109 45p | 4002 22p 2N4427 1348 BC214  18p|BUIDA 232p
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L] 25 amp type 99p| UPC1185H
+ Metai ciad 365
IN34A  52p UPC1212C
IN914 4p above (do not
2 UPC2002 Use Sodm
Hydroxide}
500m! 3 19p
4.45p
BU326S 2.75p 3 XY/ 1.00p
1.58p | INA0OS KO&(600) LM725CN ZN1034 1.99p
1.58p | IN4DOB 4 10
1'49p | INADO7
1.65p | IN4148
5.01p | INS401 PRICES PER
UXa8_ 6.75p| INSA02  1dp pE7y  FORMERS METRE
BUY18S 4 75p [IN5404  16p LM741CN14 Solid
30 7.32p[INS406  18p o Post connecting
IRF530 4 95p [ IN5307  19p|  Manyweirg | WM747CN inclusive wire
J300 88p|INS408  20p| & wonderful o prices MAINS
3310 88p|BA102  49p|  dewcesin | LM74BCH cheaper SPEAKER
MJB02 4.70p|BA115  29p stock, inc A46p to callers Twin 1 Amp
MI900 321p|BAI33  Slp| varshapes | -M74BCN All240V 16p
MJSO1 339p[BA138  36p, & sizes 55p Prima Twin 2% Amp
MJT000 1 78p| BA1S5  18p|  of LEDS LM1877461p|  spi Bobbin 19p
MJT001 186p|BAISE  4lp| o poo LM1886 5 58p 100mA 3Core
MJ1800 379p | BA1S7  28p| & LMIBBI3BID! (e g 2%Amp21p
MI2500 2 68p | BA1S8  3ap| U Jreen LM2902 1.22p| g8 ‘-780 3Core
MJ2501 3.08p | BAI59 38 ellow LM2907N Y012 180n| 13Amp62p
BA182  49p| Largeditiused 347p| 12016 1oon |  SCREENED
MJ3000 2 39p | BA201  23p, 1T+ LM2907N8 1A 25 36 P | Single 16p
MJ3001 2 63p | BA202  29p| RSD 1 3. & Y o | Stereo  29p
MJ4502 590p | BA316  27p| GSD 16p | LM2917N 2002 P | MiniSingle 13p
MJE340 75p|BA317  28p| Y50 15p 352p| GN 56N 3,75, Mini Stereo 16p
MJE350 120p | BA318  31p| Smalidiffused LM2S17NB 12073V P | 4Core
MJE2955 B8AX13 21| R3p Py ava < 7a 4Screens  49p
52p | BB105 | G3D 18P [Lm3300 1 19p| DOV, 5P | 4 Core Single
MJE2955T 88109G  63p| y3p 13| tm3911 2090 | 126 Screen  62p
BYI26 12 P|im391aa08p | JOOYA |19 | 8Core  73p
MUE3055 BY127  14p| _ MicroO.1 LM3915404p | o 12Core  88p
RIM 27p [ LMa260 2.89p | 9+ 91254 Heavy Duty
MUE3055T GIM 29p | LM13600 5650 | Mike Guitar
Yim 29p LM137001 64p Lead 33p
Large clear AERIAL
TRiacs [OGMBOSIWRATT  vero  IEEIEIEY
G5C 17 9p
DIACS oy 176 278p 752UHF 31p
D Superbright | MC1466L o 750 VHF 31p
MPSA20 49p| THYRISTORS tugh etfic- 50p COPPER 3000 Flat 16p
MPSA42 29p 488 ency mC1a68 TRACKS RAINBOW
MPSA43 29p 12 Amps Large (100 430p( 25x375 RIBBON
MPSASE  17p | Texas 10220 tmes MC3340 95p Prices
MPSAS6  17p [ Suffix A - brighter) | 25x5 per toot
MPSA92 27p 100V MC3446 1.10p | 10way  25p
MPSAS3 27p| SutfixB RSU 53p 95p( 3.75x375 16way 39
MPSLOT  29p 200v| G8Y 53p | MC3357 ! 20way  48p
MPSLE1  76p | SuffixC = Ys5u 53p 11p| 3.75x5 24way  62p
MPSUO5 v| Rectangular | MC 24p | 30way  75p
1 24p | SuffixD Stackable 25x17 34way  82p
MPSUO6 v LEDS ME10 ~ 4.50p p| 40way  88p
o | suttixm A5R 19p | NE529 225p| 375x17 Gaway 1.49p
MPSUO7 600v| G5R 20p | NES3TN 199p 29p
4A Y5R 22p NES43N 2 76p | 4 79x17
MPSUS5 TIC106A 66p NES44N 2 31p 56p
2p| TIC106B  67p NESS5  28p | VQBoard
MPSUS6 TIC106C 68p NEGS6  69p D
p|TIC106D 69p NES58 189p | DIP Board
MPSUS7 TIC106M 75p NESB0 3.25p 5p A
86p|8A NES65 1.06p | Track Cutter NTEX
TIP20A | 3| pC116a g8p| 19050 99p |NESEE  95p T63p | SOLDERING
TP29C  42p|TIC1168 8% AY38910 NES67 1.41p| Pinlnsertor IRONS
TIP30A  37p|TIC116C 93p .99p | NES70 3 14p 221 C240(15W)
TIP30C  44p|TIC118D 97p| AY38912 NE571 398p| 100Pins  61p X
TIP31A 39| TIC116M 99p 496p | NES534A Verobloc 4.66p | X$240(25W)
TP3IC  47p| 12A CA3048 6.54p 208p| VeroWing 5.
TIP24 a6l Tic126a gep| CA3059 3.33p | RCA194 260p | Pen& Spool Iron Stand
TIP32C  49p! TIC1268 90p| CASO90CAQ RC4195 2.06p 3 39p 1.75p
TIP33A 122p|TIC126C S81p 3.70p | RC4558  99p | Spare Spool g Elements
TIP33C 135p|TIC1260 a2p| CA3130E B7p | SN76477 75p | (Stateliron)
TIP3a4 127p| TIC126M CASIGT 795p| Combs  6p 2 05
TIP34C 126p 110p D | SN76003 €240 8its
TIP35A 187p CA3140E S4p 3 No 2 {Small)
TIP3BC 2.14, TRIACS CAZ140T SN76013
TIP3GA 1. Texas 400V 1 40, 3 No 3 {Med}
TIP36C 2225 | T0220Case | HA1366W SN76023 i
TIP41A  47p TIC206D(4A) P No 6 (Micro}
TIPAIC  58p 79p| HA1388 SN76033 FERRIC 85p
TIPaza  62p| T'C225DI6A) o CHLORIDE XS240x25
TIP42C 650 88p| ICL7106 TA7204 199 Quick Bits
TIPAS 105p | TIC226DIBA) TA7205 120p| dissoiving No 50 {Small)
TIPSO  1.15p 89p| ICL7107 TA7222 1.75p Enough to '3
TIP53  1'58p | TIC236D (124} Op [TA7227 582p| makeover | No51{Med)
TIPSA  165p 1.37p{ tCL7611 TBAS00 2.97p| 1litre 1 63p 85p
TIP110  67p| TIC246D(16A) p| ETCHRESIST | No52(Lge}
P12 76p 1.40p| ICLBO3B TBAS20 2.57p| TRANSFERS 85
TIP115  70p | TIC253D (20A) 3. 1 Thinlines SOLDER
TIP117  78p 2 ICM7555 2 Thick lines 125gms
TIP120  79p | TIC263D(25A) 1 10p | TBABSO 3.26p [ 3 Thinbends 18swg ~ 3.10p
TP122  85p 291p| ICM7556 TBAS60C “4Thckbends | 22swg  3.35p
TIP127 9% DIACS 149% 287p| SDILpads
TP130 106p|Bs10058, | LF347 1.78p| TBAS70 237p| 6 Transistor
TIP132 119p|gT2 —_,'gpl LF351  75p pads
TIP135 1.16p LF353 1.15p 435p| 7 Dots & holes PLUGS &
TIP137 1.19p LF355 1.25p [ TDA1003 80.1" edge SOCKF1S
TIP140 185p LF356 1.35p p| connectors i
TIP142 2.13p LF357 165p | TDA1010A 9 Mixture
TIP145 1.95p LF398 .25p | Anysheet ot ‘D' Connectors
TIPI47 227p( Many specials | LM3Q1AN 45p TDA1022 above 39p 25Way
TIP162 2.37p|  instock LM304H 1.75p 495p| GRADE ONE Solder
TIP2955 “95p | pioenaure | (M3O7N 45p | TDA1097 GLASSPC8 | Male  1.60p
TIP3055 20010 LM308N 99 4,99 SINGLE- Female 2.09p
7543 61p|  500mMW LM309K 1.99p | TDAT1151 SIDED PC
VNIOKM 69p| E24 Senes LM317T 1.75p, 1.95p| 178x240mm Wire-Wrap
VNAGAF 1.46p | 2410479 7p| -M317K 1 a5p| TDA2002 1.85p | Male  1.60p
VNBBAF 165p| * Pl LM317HVK 25p| 420x195mm | Female 209p
2TX107  16p 1.3 Watt 10.80p | TDA2003 255p | Covers  1.00p
ZTX108 15p| E24Series | LM324  83p p| 420x245mm Phono plugs
ZTX109  18p| 331082V 14p] LM335Z 1.60p | TOA2020 75p | Bik. Red, Grn,
ZTX300  16p LM338N 99p p| DALOETCH | WtorYell 15p
X301 17p LM349N 1 09p | TDA2030 RESISTPEN | Line Skts _15p
ZTX302 18p LM379S 5 50p 2.85p| * sparemb Chas Skix 1
2TX303 19 LM380N T4 TDA26112 il “3299 s 52
27X 1 1.2 500 ual Skt
I35 338l Pvsnown | Lmasons | tpA7000 SENSTIVE | Quad skt 20n
ZTX311 ;f;&bf«k&; 38 plsask | 3.45p ‘Pgls
ZTX31 amp. M38IAN LO61 62 st Class
a2 22 woi(100) 280 26p|TLOB2  99p| Epoxy Glass
ZTX31a  27p | WO2(200) 34p| LM3 18N LO64  177p for better
2T1X320  22p | WOA(400) 33p TLO71  &7p| resultsthan
ZTX330 26p| 2amptype LM382N TLO72 95p Sl)ravnn?J
2T1X34t  25p|  Squarewith 9p | TLO78  150p( exposetoUV | 24pn 4 35p
ZTX450 22p Lm383T TLO81 48p | Single sided 28pn 500p
ZIX500  18p|s01(100) a6p . 75p | TLOB2  75p | 100x 180 40pin 5 35p
ZTX801 195 | 502(200) 508| -M38B3N TLO84 145 2.25p
ZTX502  20p | S04{400) 55p TL494 3 99p | 100x220
2TX503  21p LM386 UAA17024% | 503 2.65p
ZTX504  22p| Bamptype 25p | yAA 180 2 43p 03 x 114
ZTX510 22p| Sauarewith | LM3B6N UA2240 1 250 55p
ZTx531  26p hole ULN2003 78p ] 233%220
21650 36p|Pwo1(100) LMm387 5020 | UPCE75C2 5.7 T0GGLE
X651 38 P .02p
7TX652  azp |PWO2200] | LM38BN upcr1ser | Qguiesded | oo iMoo
2TX653  45p| P 1 238p | SPOT &5p
U;ggﬂl ﬂp 04(400) LM391N60 | UPC1182 100 x 200 DPOT  74p
P g 1,551 7 OPDT
Thass 4iblpwosisoo) © | umastnag | upciias | zoax1id P =
ZTX753 47p 1.39 750 3.95p L osp | 4PDT 325
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. DISC DRIVES
B BC M |Cr0 Com puter SYStem These drives, fitted with high quality JAPANESE mechanisms are supplied in attractive steel

cases painted in BBC colour. The drives are fully Shuggart A4000 compatibie. All dual drives

BBC Computer & Econet Referral Centre are supplied with integral power supply whilst singles are supplied with or without power supply
All drives come complete with data & power cables, manual and BBC formatting disc.
BBC Computers:

oo SSTENTS ny 3
1X400K (1Mb! d
Model B: £320(a) B-+DFS: £409 (a) DX 100K ( S\IBDD uniormatid)  4OTSS TDIA TEAC S
Model B+NFS: £389(a) B+NFS+DFS £450(a) %é?gg%"ébﬁ’%ummmmmd) 212550(“)’5 TD55F '\‘fg/s;&'sgi 410{153' " E%%%ga)
ACORN 2nd Processors: 6502: £175 (a) Z80: £352 (a) G200 TEC with oo e e crosee)
TORCH UNICORN: Z80 Card: £275 (a) Z80 Disc Pack: £675(a) | Coaogmits i F195 00 e ®
UNICOMM Communications Package: £159 (b)
20 Mbyte Hard Disc+400K Floppy: £1995 (a)
We stock the fullrange of ACORN hardware and firmware and a very wide A orised D huto
range of other peripherals and firmware for the BBC. For detailed Data Recordina Prod ‘
specifications and pricing please send for our leaflet.
3MFLOPPY DISCS
PR | NTERS Industry Standard floppy discs with a lifetime guarantee Discs in packs of 10

EPSON: RX80FT £225(a); FX80 £315(a) 40TrackSSDD ~ £15(c)  40TrackDSDD  £18(c)

FX100 £435(a);RX100 £345(a) 80Track SSDD £22(c) 80 Track DSDD £24(c)
KAGA TAXAN:KP810 £249(a); KP910 £359 (a)
BROTHER:HR15 £340 (a);. DRIVE ACCESSORIES
JUK1 6100 1340 (a). FLOPPICLENE Disc Head Cleaning Kit with 28 disposable cleaning discs ensures continued

optimum performance of the drives. £14.50(c)
Single Disc Cable £6(d) Dual Disc Cable £8.50(d
ACCESSORIES 10 Disc Library Case £1.80(d) 30 Disc Storage Box 2(6() c)

EPSON Serial Interface: 8143 £28 (b); 8148 with 2K buffer £57 (b) 30/40 Disc Lockable Box £14(c) 100 Disc Lockable Box £19(c)
EPSON Paper Roll Holder £17 {b}; FX80 Tractor Attach £37 (b); RX/FX80 Dust Cover £4.50{d)
EPSON Ribbons; MX/RX/FX80 £5.00; MX/RX/FX100€£10(d).
JUKI: Serial Interface £65 (c); Tractor Attach, £99 (a); Sheet Feeder £199(a): Ribbon £2.50 (a)
BROTHER HR15: Sheet Feeder £199; Ribbons — Carbonor Nylon £4.50; Multistrike £5.50 (d) MONITORS
2000 Sheets Fanfold with extra fine pert. 9.5in. — £13.50; 14.5in. £18.50(b). MICROVITEC 14in. RGB

BBC Parallel Lead £8; Seriaf Lead £7 (d) 1431 Std Res £165 (a); 1431 Ap std Res PAL/Audio £210(a);

1451 Med Res £240 (a); 1441 Hi Res £399 (a);

2031 20in. Std Res £260(a); Plinth for t4in. Monitors £8.50.
BT Approved Modems Microvitec Monitors with TTL/Linear Inputs also available.
MIRACLE WS2000: KAGA TAXAN 12in RGB
The ultimate world standard modem covering all common Vision It Hi Res £240 (a); Vision Il Super Hi Res £340 (a)
BELL and CCITT standards up to 1200 Baud. Allows communi- SOFTY Il Green Screens; KAGA 12G £99 (a); SANYOIDM 811 112CX £90(a);
cation with virtually any computer system inthe workd. The ] ) Swivel Stand for Kaga Green £21 (c)
optional AUTO DIAL and AUTO ANSWER boards enhance the This low cost intelligent : rovi .
considerable facilities already provided on the modem. Mains eprom programmer can BBCEeaisIAGARGEIE M ierovieciE e 03 MonotoelEa!SO(d)
powered. £129(c) Auto Dial Board/Auto Answer Board £30 (d) program 2716, 2516,
each. Software lead £4.50 23321 273%6 znd ;w;%a“n
TELEMOD2: adaptor, an -
Complieswith CCITT V23 1200/75 Duplex and 1200/1200 haif Displays 512 byte page on UVERASERS o e lPF:'N‘,I;E”R BL{,FFERI .
Duplex standards that allow communications with VIEWDATA TV —hasa serialand par- UV1T Eraser with built-in timer and mains indicator lpnpegsnarerouleriprovicesia Smpiejxayic
. - allel 1/0 rout Can b . . upgrade a multiple computer system by providing
services like PRESTEL, MOCRONET etc as well as user to € routines. Lan be Built-in safety interlock to avoid accidental exposure greater utilisation of available resources. The buffer
user communications. Mains powered. £6 2(b) used as an emulator, cas- to the harmful UV rays. ! offers a storage of 64K. Data from three computers
BUZZ BOX: sette interface. ltcanhandle u;f)loSep(oms alanmefnhan average can be loaded into the buffer which will continue
This pocket sized modem complies with V21 300/300 Baud Softyll .......£195.00(b) g oe aboutizOjins ESIMLIEZ 080, accepting data until itis full. The buffer will automati-
4 ; as above but without the timer. €474£2 p&p
and provides and ideal solution for communications between Adaptor for 2764/ h cally switch from one compuler to next as soon as
userg ith main frame computers and bulletin boards ata ver 2564 ... £25.00 | oo e manacry ol 14 cprame UV 14 fac's  (hal computer nasdumped al s data. The comuter
W pu y with handling capacity of 14 eproms. UV14i has @ en s available for other uses, LED bargraph indi-
economic cost. Battery or mains operated. £52 (c) Mains built in timer. Both offer full built in safety features f
UV140 £61. UV 141 £79. p&p £2.50 cates memory usage, Simple push button control
Adaptor £8(d) . pEX- D25k provides, REPEAT, PAUSE and RESET functions
BBCtoModem data lead £7 Integral power supply. £245 (a)
ATTENTION
Al prices in this double page advertisment are CONNECTOR SYSTEMS
subject to change without notice. AMPHENOL )
TELEPHONE
ALL PRICES EXCLUDE VAT .D. CONNECTORS EDGE o g, CONNECTORS CONNECTORS
A way plug Centronics
Please add carriaae 500 unless oot ol CONNECTORS (solder 500p (IDC) 475p 4-way plug 110p
indicated as tollows: ways  Plug  ‘acle  Comn 36 way skt Centronics 6 way plug 180p
{a)£8 (b) £2.50 (c) £1.50(d) £1.00 x 90p  85p  120p 017 0156 (solder) 550p (IDC) 500p 6 way t ang.ski 160p
gg :;gs :ggg ;282 g (?gva; (commodore) ‘5; 300p 24 way plug IEEE (solder) Flexible cable
- =
ACORN IEEE INTERFACE T R T g e/
Afullimplementation of the IEEE-488 standard, pro- 50 23sp 200 3e0p | 2% ;3 way 2xen ey Ay 500p (\{DC) 500p way P
viding computer control of compatible scientific & 2x 25-way 225p  220p PCB Mtg Skt Ang Pin N CABLE
technical equipment, at a lower price than other sys- D CONNECTORS gx gg way (Spectrum} gggn - 24 way 700p 36 way 750p RIBBO
tems. Typical applications are in experimental work N 1 :43.::; 2602 - ASgvmete
in academic and industrial laboratories. The inter- °9°’ WoaYs,o gy | 2x22way 1900 — GENDER CHANGERS iopay 20 Eimaumicte
face cansupport anetwork of upto 14 other compati- MALE: Py %005 s00p 25 way D type Xoway 855 50wyl 200p
ble devices, and would typically link several items of Ang Pins 120 180 230 350 2% 50wayS100conn  800p o Male 1o Male £10 26-way  120p 64-way| 280p
test equipment allowing them to run with the opti- Solder 60 85 125 170 Male 1o Female £10 0
mum of efficiency. The IEEE Filing System ROMis | IDC 175 275 325 - Forale 1o Fomale £10 DILIHEADERS
supplied £282. FEMALE: Mg EURO CONNECTORS Solder IDC
Ao Pins 160 210 579 249 | DIN41612 y RS 232 JUMPERS el e
2 x 32way St Pin  230p 275p
INDUSTRIAL PROGRAMMER BC 193 530 478 "% | 2 x 32wayAngPin275p 3200 | 20 singeecsMar . ssoo | 3P 6 —
EP8000 StHood 90 95 100 120 3 x 32way St Pin 260p 300p 24" Single end Female £5.25 54 p:?‘ 100p 1_50
This CPU controlled Emulator Programmer is a pow- Screw . 130 180 175 . | 3.x 32way AngPin375p 400p B ey g0 28 gin 200?; 150
erfultool for both Eprom programming and develop- Ty IDC Skt A +8 2750 54" Male Female £650 | 40 pin 200p 225p
ment work. EP8000 can emulate and program alf IDC Skt A +C 350p
eproms up to 8KX8 bytes, can be used as stand TEXTOOL ZIF For 2 x 32 way Iease specify DIL SWITCHES MISC CONNS
alone unit for editing and dupticating EPROMS, as a SOCKETS 24-pings.7s | SPacing (A +B, ‘{) 4-way 90p 6-way 105p 21 pin Scart Connector 200p
slave programmer or as an eprom emulator 2695( } 28-pin £8.00 40-pin £9.75 8-way 120p 10-way 150p 8 pin Video Conneclor  200p
a2 T o

29 ELECTRONICS & WIRELESS WORLD FEBRUARY 1985



7 7415266  0.60
T4 SERIES 74273 i 748571 3.00 | aos
BAALLLN s e | TS s | s se | s COMPUTER COMPONENTS
g 74278 1. g : A3 150 ¢Py 8287 4.25 EPROMS KEYBOARD
2 T2 0 It ioll  7oc semies B Teseioxi 40 [TUg0pCE 650 | 82880 11.00 ] €NCODE Rs
7403 Zos 7415200 080 | 74c00 o070 | %52 reaso  os | 2630A 1050 | 87854 1600 | 26-5W 33D | 75108 090 [ avspazs 1150
7404 74290 : 7415292 9.00 [ 74C04 0. 4502 Tasic  0s0 | 6502 350 MS990325.00 | 2 A So | 72109 120 | Avs3goo 7.50
405 : 7405293 0.80 4503 TBAB 080 | 65C02 12.00 | TMS9911 18.00 | 253 & 75110 090 [ 74co22 650
74293 I 4504 BABZOM 075 | g5024 550 | TMS9911 14.00 | 2532 550 | 7
7406 7415295 140 | 74C08 ) H 75112 180 | 74C923 650
74298 1. 70297 800 | 7ac0 o070 | 98 Toxoes 309 | 65028 800 | zsopi0 260 | 256¢ 650 | 75113 120
;jgg;,‘ ) 7405208 100 | 74C14 050/ | 4507 T€9108 so0 | 6800 250 | Z80APIO 2.75 | 2708 300 | 75114 140 BAUD RATE
743664 0. 7418299 2.20 40106 4584 | 4508 250 | 1CA210 3se | 6802 300 [ ZBOCTC 260 | 2718+15V 350 | 7515 Il GENERATORS
74367A 748321 370 | 7420  0.70 | 4510 300 | Icam  as | 8809 650 | Z80ACIC 275 | 26T S50 | 75121 140 [ MCiasn
i 74183224 3.90 | 74C32 100 | £} Chso60 500 | TCassg 175 | 6809 1200 | ZBODART 6.50 | 2732 4501 75122 140 | CoMB1I6
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D.C. SUPPLIES

by K.L. Smith,’
Ph.D.

University of Kent at Canterbury.

Fig. 1. The simple
assumption of a sawtooth
ripple in a smoothing filter is
shown. The peak voltage
change across the capacitor
is a half-wave rectifier circuit
has an amplitude of V., .,
equal to 1,./fC . This leads to
an r.m.s. ripple estimate
givenby V. =1,/2/31C. A
rough value for the d.c.
voltage output is given by the
simple expression, V, = V —
| ‘(/ZfL (For a full-wave
circuit, ‘4’ appears in place of
the ‘2s’.) Although rough,
these estimates give an idea
of performance.

D.c. supplies from

a.C. sources—3

Straighten out your power — rectifiers

and smoothing

Straightening out a.c. back to
d.c. is a requirement in every
power supply for the applications
I am discussing. The rectification
of  single-phase  sinusoidal
sources by diodes is rather poorly
carried out from the point of view
of efficiency of conversiontod.c.:
the efficiency of half-wave rectifi-
cation, defined as the amount of
the power n the load dissipated
by the d.c. component, is only
40.6%. The rest is dissipated by
the ripple current made up from
remnants of the fundamental a.c.
and its harmonics. The efficiency
of single-phase full-wave rectifi-
cation is better: 81.2% of the load
power is now in the d.c. compo-
nent. Because of this, you will
hardly ever see half wave rectifi-
ers in modern equipment.

If you rectify polyphase sup-
plies, then as the number of
phases increases, there is a large
rise in efficiency of a.c. to d.c.
conversion. That is why motor-
car alternators are three-phase,
full-wave rectified systems. For a
three-phase, half-wave rectifier
circut, the efficiency of conver-
sion is already 97%. For a full-
wave rectifier circuit, it reaches

99.3% — without any smoothing!
Your motor car battery is charged
by virtually pure d.c. However, in
the home there are not many of
who would instal 440 volt three
phase mains — just to save on
smoothing capacitors in the hi-fi
svstem! This means single-phase
rectifier operation remains of
interest, complete with the need
for large smoothing or reservoir
capacitors.

Eliminating the ripple

When the diodes have converted
the a.c. linc to pulsating d.c. the
ripple component must be pre-

V. (pk to pk

s
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vented from reaching the load.
Traditionally this was done with
bypass capacitors (smoothers)
and a series choke, but in mod-
ern, low-voltage semiconductor
supplies, the choke has all but
disappeared. Only a single, large
reservoir capacitor is used to do
the job. This component must
pass a considerable ripple cur-
rent, so an important parameter
is how it handles this.

The analysis of how a capacitor
input filter operates remains quite
complex and many authors have
made attempts to reach some
kind of approximation to reality in
their calculations. The first use of
the terms ‘cut-in’ and ‘cut-out’ for
the moments when the rectifiers
switch on and off, appears to have
been made in the paper by M.B.
Stout' who assumed that the
diodes acted as perfect switches.
By 1941 D.L. Waidelich? was
writing a rather complicated anal-
ysis where he distinguished
hetween a hard vacuum valve and
a mercury-vapour rectifier. The
hard valve had a high ‘on’ resist-
ance, R, and the mercury-vapour
tube dropped a fairly large con-
stant forward voltage, V , but had
negligible resistance. But the
article that has become the
‘source paper’ on this topic was
written in 1943 by O.H. Schade®.
He developed a large number of
design curves and these continue
to appear in contemporary litera-
ture when smoothing filters are
discussed. Thomas Roddam used
some of Schade’s curves in his
‘Battery charging..” article some
time ago'.

Subsequently, textbook wri-
ters and students’ course notes
settled down to a standard simpli-
fied ‘model’ which assumed a
sawtooth ripple and peak value
charging, as in Fig. 1. This not
very good approximation was
used, for example in Samuel
Seely’s hook® after he outlined
how a discussion of the full
exponentially shaped discharge
curve of the smoothing capacitor
might be approached. Grey® gives
a detailed analysis including an
‘exponential’  treatment, but
assumes a charge to the peak
value, i.e. no R,. Parker’ uses the

same approach, but shows (with
practical example using ‘valve’-
level voltages and typical compo-
nent values) how the linear dis-
charge assumption is a good
approximation. His section on
this is still worth reading, if you
would like to follow how the
assumption of a ‘peak charging’
circuit works.

[ have not found that peak
charging is necessarily the norm
n high-current, low-voltage rec-
tifiers with capacitor input filters.
In practice, a peak current limit-
ing resistor R, is often required to
protect the diodes. This means
that however large the reservoir
capacitor, the circuit voltage does
not reach charging peaks at the
crest of the sine-wave input when
supplving the rated load, as seen
in Fig.2. It will do so, however,
off load and the capacitor must be
raled for voltage working accor-
dingly. The old ‘sawtooth wave
approximation’ (Fig.1) fails to
give the conduction time, peak
value of the (narrow) diode cur-
rent pulses, or the r.m.s. value of
these currents. Some kind of
analysis that does, would be very
useful. It would enable the VA rat-
ings of the transformer windings
to be estimated. These depend on
the r.m.s. value of the winding
current. The ratings of the diodes
could also be estimated, since
they are dependent on the peak
value I, of the current pulses, as
well as on the mean current I.the
mean current 1s of course, the
value of the d.c. output, .

A search through the literature
for the treatment of the ‘non-
peak’ charging case, turned up an
analysis by A. Lieders®. He
assumed linear rises and falls of
voltage during the capacitor
charge and discharge periods. But
as Parker had shown earlier, this
assumption is alright for fairly
well smoothed supplies. Yet
Lieders’ approach produced some
terrible integrals — one requiring
nearly two pages in an appendix
to evaluate! His nomograms and
graphs offered as design aids are

ELECTRONICS & WIRELESS WORLD FEBRUARY 1985



well up in quantity to Schades and
the approach is daunting. ..

Developing a simpler model
As  linear  charge/discharge
approximations had already been
made by Lieders, et al., I consid-
ered there ought to be a more
compact (simpler) approach that
would still yield good design pre-
dictions. You might find the fol-
lowing treatment useful. It has
been used to design a few low vol-
tage supplies with considerable
success and it helps explain some
of the mystique in other articles
on power supplies™0.

The symbols and geometry
shown in Fig. 2 are drawn upon to

build the model. From Fig. 2(a):

the d.c. output voltage,

V., + V. A
Vo= 12 2=Vcosﬂ:,;c .|

the instantaneous a.c. voltage,

2t

v = Vcos wt = Veos T n
and the peak ripple voltage,
V _ ch - Vcl H

2

The meaning of the load resist-
ance R, and the total series
resistance in the rectifier path R,
(R, =R.+ R, + R) is shown in
Fig. 2(b).

The current pulse through the

rectifiers and therefore through

the transformer secondarv wind-
ing, flows in the interval between
cut-in and cut-out, and this is
labelled t_in Fig. 2(a). 7,15 the
conduction time. The current
pulse is very nearly given by v —
V. acting across R during the
conduction time interval. The
d.c. current 1, is the average of
these charging pulses over the
period T/p, where pis 1 for half-
wave rectification and 2 for full-
wave circuits.

~

el

(v — Vdt

o/ e

and by substituting from eqns 1

and 2: -
2

(cos 21t — (os TTc) dt

N T

Carrying out this simple integra-
tion, you can see that:

Tt T cosEEg)
T T T

de

_ oV
— Tr&(sm

But we have egn. 1 again to
enable substitution for V:

PV ¢y, 1 :
o= B (on 2% 2

Finally, by Ohm'’s Law:

I«‘lc:___ 1
Ym RL
. nthan Tl  TWT 4
PR, T T

This is an interesting result. It
gives the conduction time for
half-wave (p = 1) or full-wave (p
= 2) rectifiers, in terms of R, and
R,. Notice that the value of the
smoothing  capacitor  doesn't
appear. The approximation must
therefore  breakdown  some-
where. The answeris; for a suffi-
ciently large capacitor, the value
of . on a pocket calculator and
moving into an accurate solution
by trial and error. Figure 3 is a
useful curve giving t./T as a
function of R/pR, .

Theconstancy of T (bul not with
load current, as that implies a
changing R, ) does not mean that
the ripple amplitude is constant.
With changing capacitance, the
linear charge/discharge curves
‘tilt” at different angles on Fig. 2a.
There is also a ‘phase shiit’ in the
current pulse — asthe capacitor is
made smaller, the pulse moves to
an earlier part of the half cycle.
Even at high tilts on the charge
curve approximation, the current
pulse during this time 1s very
close to a sine wave cap. This
‘cap’ has a time width of 1, of
course. Il also has a peak value of

Fig. 3. This curve is a plot
of equation 4 in the text. It
yeilds values of 7 if the
ratio of R, to R, is known.

Fig. 4. The r.m.s. currents

in the transformer windings
of (a) (half-wave), (b) (full-
wave bridge), (c) (full-wave
biphase) standard circuits
can be calculated easily,
using equations 9, 10 and 11.

Mean
“current

Cutin' “Cutout’

gy ———

n:1
a.c
supply g]

R, :Rs +RU+RT

’

, R
RS-_-RS+_ZP
N

(b}

I, and an r.m.s. value 1.

Another derivation for the
mean current [, can be argued
from this sinuseoidal cap compris-
ing the current pulse. By averag-
ing it over the time pertod ’, we
obtain:

I, — _I'IfffsiH Trf_t dt ~ 27:. %

Or transposing for I:

Fig. 2. The voltage shown
in (a) where the capacitor

voltage ramps up and down
in a charge period 7, and a

discharge time of T - 7,
more nearly models the

actual variations observed

across the smoothing
capacitor in a practical

circuit.

0-4

0-35

03

la}

a.c.

[b)

m——ce—meo-n
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D.C. SUPPLIES

{a}

{h

Fig. 5. These oscillograms
were taken with the circuuit
conditions described in the
text and in Table 1. The
current waveforms
especially show the degree
of approximation assumed
when taking the pulses in
(c) and (d) as sine wave
‘caps’.

Fig. 6. These results were
taken exactly as in Fig. 5,
but with a full-wave circuit.

26

n T

T=legp .6
The root mean square value of the
current pulses per diode, is found
as usual by intergrating the
square of the pulse values, aver-
aging, and taking the square root:

T
i/l st /%
! I‘/Tf Y &

(As this value is per diode, p
doesnot come into the picture at
this stage.) On substituting for I:

This is the r.m.s. current in
each diode arm, therefore we can
find the r.m.s. currents in the
transformer windings. For the
circuits shown in Fig. 4:

a. half-wave:
T .9
81,

clhow.)

Loy = la

b. full-wave bridge:

e 2
I(hnd)ze) = /T?(r m.s. + Iz(y,-m‘s, 2= 7
Y

T
dc

I
‘ 87 rw ...10

¢. full-wave, centre-tap (biphase
rectifier):

T

! 8T ) 11

{centre-tap) - 2

(per half winding)

The electrical engineers define
a form factor for a repetitive

Ir.m.s

waveform as k = ;..

Smoothing capacitor

As we have seen, as long as the
capacitor is large, the peak cur-
rent, conduction time and the
r.m.s. quantities are all inde-
pendent of the actual capacitor
value. But the ripple amplitude
across the load 1s strongly
dependent upon it.

The capacitor has a fraction of
the peridic time interval to dis-
charge given by(T/p)—rt,

T N
(B ‘rc) Idc:ZVrC .12

whereV is thepeak ripple voltage.
_ For any sawtooth waveform, if
V is the peak value, then the
r.m.s. value is given by V. = %

L (5 —T)

273V, .13
Therefore if you know the type of
rectifier (p), thed.c. load current
(I,.), the conduction time (t.),
together with the maximum
r.m.s. ripple voltage (V)), the size
of the required smoothing capaci-
tor can be calculated.

You will come across a good
deal of empirical comment
regarding the smoothers required
for this and that in power sup-
plies. For example, E.J. Hatch®
stated in his article that he had
‘seen the rule of thumb, use
2000uF perampofd.c. load — for
a peak to peak ripple voltage of
3.5 volts’. How does this com-
pare? Substituting 1 amp and
1.75 volts peak ripple into equa-
tion 13 with t_about 3 ms on 50
Hz mains (T = 20 ms) gives in a
full-wave rectifier circuit:

~1X(@0-3)x10°
B 2% 1.75

A good approximation to the
required r.m.s. secondary vol-
tage on the transformer can be
found from equation 1, taing
account of the forward voltage

Gl

— 2000pF
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drop across n diodes in the recti-
fier arm. This gives:

- Vdc + nVL

% et .14
ey 2 cos mre/T
How accurate?

No model is worth much if the
results are so wide of the mark
that ‘guessing’ say, could do bet-
ter! One check on these results
was to use Lieders’ practical mea-
surements and his calculations,
to compare results. Lieders used
a full-wave bridge circuit with the
following values

R =19.7Q
R, = 497Q
C=2375yF

Diodes BAX13V, = 0.77V

V,. = 10V on load,

I, =5 =20.1 mA
The measured and calculated
values given by Lieders and the
present results are:

measured calculated present results

[ =91.6 mA 90.5 mA 90.6 mA from 6

I 26.7 mA 26.3 mA 26.75 mA from 8
v, 95V 965V 9.5V from 14

r = 0.0894 0.086 0.084

2a = 68° (1.187 rad)1.148 rad 1.096 rads via 4

{r 1s the ripple factor, 2a is the conduction angle used
by Lieder and related by T = aT/x

These results appear to be in
good agreement. Not to be out-
done, a colleague suggested, “It
might be a coincidence!” As a
final check, measurements on
half-wave and full-wave bndge
rectifier circuits using one of the
toroidal mains transformers men-
tioned in part 2, gave further
experimental results.

Practical rectitier

The ‘peak charging’ condition was
attempted in both circuits, by
minimising R,. Another set of
results was obtained for the ‘saw-
tooth’ approximation, by using a
relatively large R . Figure 5(a) and
(b) shows the voltages obtained in
the half-wave examples, while
the current pulses through the

¥



diode are shownin c and d. Figure
6(a) and (b,c) and (d) illustrate
the corresponding results for the
full-wave bridge circuit. The cur-
rent pulse profiles can now be
‘blown up’ on squared paper, say,
and the area under them calcu-
lated. This will give the mean cur-
rent I, . The peak valuel, and ‘on’
time 1, can be read off the scales
on the oscillograms. Squaring the
ordinates yields data for the
squared area value, and thus the
r.m.s. current. Table 1 lists the
various quantities I measured,
together with the calculated
values from the various formulae
derived earlier. A reasonable
result has been obtained.
Whatever the detailed results
of the calculations we all attempt
using our various approximate
‘models’ of the rectifier-smoother
situation, one or two important
generalisations emerge. One is
the fact that because of the peaky
nature of the current pulses, the
r.m.s. values are rather greater
than the average, or d.c. levels.
The transformer rating is based
onther.m.s. currents in its wind-
ings because the heating effect
rests on that. Most power supply
transformers must, therefore be

HALF WAVE RECTIFIER

" FULL WAVE RECTIFIER

A

LOW Ri HIGH Ri LOW R HIGH R|

Porometer Megsured  Cole.  Meosured  (aole. Measured  Colc.  Meosured  Cale.

ITK 015 017 0245 025 - 016 OB 02 0-2

e 3ms  338ms  49ms  Sms . I2ms  275ms  4ms  4ms

% L0mA  LB9MA  260mA  25imA  220mA  2B5mA  1S0mA  153mA

Tems.  M43mA WImA  1013MA “97ZmA  883mA  BWImA  T29mA  6%4mA

Vems. 138V 132V 166V 173V 1273V 129V WV %IV

g My . 95u- MO WISy S5 58y 55 S2p

Vo 3sv 3v 25v 225v

R 60 20 mn 2

v ey 2y 1BV 20V

rated at a somewhat larger VA
than the output power would
seem to predict. A discussion of
this point was offered by E.J.
Hatch®.

Taking just one example from
the measurements reported in

Table 1, for example the full-
wave, low R, case:
Power out =i, X V, = 40 X
102 X 15 = 600 mW
VA (Sec) = ilﬂl\l.S. X V T.m.s. -

12.73 X 84.7 X 103 = 1080 mW
...aratioof 1: 1.8
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This list supplements last
month’s computer-board articie.
Addresses of microprocessor
manufacturers, most of whom
produce computer boards for
evaluation and experimentation
purposes, can be found in S.A.
Money’s Microprocessor Data
Book published by Granada.

Aitek Microcomputers Ltd
22 Market Place
Wokingham

Berkshire RG11 1AP

Andelos Systems
Solina

Bucklebury Alley
Cold Ash

Newbury

Bershire RG18 9NN

Arcom Control Systems Ltd
Unit 8

Clifton Road

Cambridge CB1 4BW

(Dist. Dage)

CMS 44a Hobson Street
Cambridge CB1 1NL

Control Universal Ltd
Andersons Court
Newnham Road
Cambridge CB3 9EZ

Costgold Research Ltd
The Old School
Stretham

Cambs CB6 3LD

Country Computers Ltd
Pipers Road

1ark Farm Ind. Est.
Redditch B98 OHU

Crellon Microsystems (Motorola, Zilog)
380 Bath Road

Slough

Berkshire SL1 6JE

Ctronics

39 High Street

Cowbridge

South Glamorgan CF7 70E

Dage Eurosem

Rabans Lane

Aylesbury
Buckinghamshire HP19 3RG

Deephaven Ltd

9a High Street
Andover

Hampshire SP10 1LU

Deltak Electronics
Central High Street
Staplehurst

Kent TN12 0BH

Dicoll Electronics Ltd
Bond Close
Kingsland Estate
Basingstoke
Hampshire

Essex Electronics Centre (dist.
RCS)

Wivenhoe Park

Colchester

Essex CO4 38Q

Flight Electronics
Flight House
Quayside Road
Bitterne Manor
Southampton
Hampshire SO2 4AD

Fulerum (Europe) Ltd
Valley House
Purleigh

Essex CM3 8BH

Gemini Microcumputers Ltd
18 Woodside Road
Amersham

Bucks HP7 0BH

GNC Electonics
Littie Lodge
Hopton Road
Thelnetham
Diss

Norfolk IP22 1JN

IBS (Irvine Business Systems)
1 Montgomery Place

Irvine

Ayrshire KA12 8PN
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intel

MEDL Distribution (Marconi)
East Lane

Wembley

Middiesex HA9 7PP

L.J. Electronics Ltd
Francis Way
Bowthorpe Ind. Est.
Norwich NR5 9JA

Macro Marketing Ltd.
Burnham Lane
Slough SL1 6LN

Measurement Systems Ltd
7B Faraday Road

Newbury

Berkshire RG13 2AD

Mercatek Marketing
Springmead House
Bradcutts Lane
Cookham Dean
Berkshire SL6 9AA

Microkey Ltd

88a St James’s Street
Brighton

East Sussex BN2 1TP

Micronix Computers Ltd
1 Grangeway
London NW6

National Semiconductor, See
Macro Marketing

Pelco Electronics
London Road
Spring Gardens
Romford

Essex RM7 9LP

Pronto Electronic Systems Ltd
446-478 Cranbrook Road
Gants Hill

itford

Essex 1G2 6LE

Quant Systems
111 Thorpe Road
London E7 9DE

Rade Systems Ltd
209a High Road
London NW10 2EU

RCS Microsystems Ltd
141 Uxbridge Road
Hampton Hill
Middlesex TN12 1BL

Rockwell, see Pelco, RCS

SGS-ATES (UK) Ltd
Planier House
Walton Street
Aylesbury

Bucks HP217QJ

Sherwood Data Systems Ltd
Sherwood House

The Avenue

Farnham Common

Slough SL2 3JX

Slemens Ltd
Slemens House
Windmill Road
Sunbury-on-Thames
Middlesex TW16 7HS

Sirius Microtech Ltd
15 Alexandra Way
Ashchurch Ind. Est.
Tewkesbury GL20 8NB

Syntel Microsystems Ltd
Queens Mill Road
Huddersfield HD1 3PG

TDS (Triangle Digital
Services Ltd)

100a Wood Street
London E17 3HX

Thomson-CSF Components
Ringway House

Beil Road

Daneshill

Basingstoke

Hampshire

Veraspeed
Stanstead Road
Boyatt Wood
Eastleigh

Hants SO5 4zY
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IF YOU FIND SOLDERING

ONTO BREADBOARDS

ARAININTHENELK.....................

VOUNEED 10 SEE A SPRTA R

Global Specialties are the world leaders in
the manufacture of solderless breadboards.
Now the Global range is wider and more
comprehensive than ever, and represents
better value than ever. And remember - all
Global breadboard sockets are uncon-
ditionally guaranteed for life. Just some

of the high quality Global Breadboard
range are:-

EXP 300

Offers unlimited expansion. Replaceable nickel-
silver spring clip contacts. Combines quick-test
socket and bus strip to provide modular y
breadboard. Ideal for all training applications.

QT159S/QT1598 ’
Quick Test solderless socket strips,
moulded from high quality flame
retardant plastics. Unique mould-

ed tab and keyway feature permits
simple interlocking of several

boards to make larger, more versatile
arrays. Accepts virtually all modern
active and passive components.

Telephone TODAY for
new low prices! Telephone
orders are accepted with major
credit cards.

CIRCLE 19 FOR FURTHER DETAILS.

GLOBAL
SPECIALTIES

An Interplex Electronics Company

Shire Hill industrial Estate, Saffron Walden, Essex CB11 3AQ.
Telephone: {0799) 21682 Telex: 817477 GSC LTD

28

UBS 100/UBS 500

UBS 100 offers 64 pairs of 5 common
spring contacts, and 8 bus strips of 25
common contacts. 840 contact points in
total. UBS 500 has all the same features and
quality but is slightly smaller - 430 points
inall. Its compact size makes the UBS 500
ideal for many locations, for example, rack
mounted cards.

CDA 1

The Global CDA 1 represents an improved
specification and lower price than

the already successful 203A. A
complete modular package for
the designer. CDA 1 accepts
up to 27 14 pin IC’s. Fuse pro-
tected. Voltage is adjustable
by a potentiometer in the side
panel. Available completely
assembled, or in kit form.

E TO GLOBAL SPECIALTIES CORPORATION (UK) LTD. DEPT 7H

¢+ Unit 1, Shire Hifl Industrial Estate, Saffron Walden, Essex CB11 3AQ.

3 Please send me further information on {TICK AS REQUIRED)

. O exr300 0] UBS 100/UBS 500

: O aT595/598 Ocpat

E Name ... Company address ................................
T Telephone ...

.
]
.o-o.-ol‘o---o--oo----.-o-o--o--o--o-o-.-o-oo-o------o-oo.o-o-----o-ooo---.
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TUTORIAL SERIES

— a new analysis

Sampled-data feedback control systems —
frequently a topic many engineers find
difficult — are analysed in a new way,
specially suitable for use with computers

The subject of sampled-data ser-
vos 1s one that many engineers
find difficult, and this series is
offered in the hope that these dif-
ficulties will be lessened.
Sampled-data servos have
been the subject of several text-
books over the past few decades,
notably those by Ragazzini and
Franklin, Kuo, Jury, and Franklin
and Powell. This series therefore
makes no claim to present new
knowledge. What it sets out todo
is to present existing knowledge
in a new and simpler way; it is
strongly computer-oriented,
which has made it possible to
avoid some of the complexities of
the earlier presentations. Some
of the features of this treatment
are as follows:
® Instead of sampling with unit
impulses, impulses of weight T
(the sampling interval) are used.
This simplifies many of the
expressions by eliminating the
factor T, but in particular it allows
one to express simply in words
the relationship between the gain
of a network and the gain of the
same network followed by a sam-
pler (parts 4 and 5).
e For calculating the sampled
gain of the continuous-signal por-
tion of the servo loop, i.e. the
portion from the hold circuit to
the sampler at the plant output,
an iterative procedure is used
which avoids the use of z-trans-
form tables. Alltime delays in the
loop, whether in the sampler
itselfl or in the sampled-data
compensator are considered tolie
in the continuous signal portion,
and the procedure used allows
them to be included without hav-
ing to use modified z-transforms.
® Modified z-transforms, and
the alternative of multiple-rate
sampling, are also avoided in cal-
culating the plant stimulus and
output between sampling inter-

vals. The calculation is done
instead by straightforward appli-
cation of the Laplace transform,
using numerical integration in the
complex-frequency plane.

As a background, the reader is
assumed to be familiar with Fou-
rier and Laplace transforms, and
to have an elementary knowledge
of z-transforms. Linear systems
are assumed throughout, but
they can have arbitrarly-high
complexity.

Introduction to the series
Feedback control systems are an
essential feature of animal and
plant life. They have been used in
engineering for at least two hun-
dred years and are generally
described today by the term
‘servo-system’ or simply ‘ser-
vos’. Their objective is to keep
the value of some variable in the
system, representing perhaps
the position or velocity of partof a
mechanism, as close as possible
to a reference value applied
externally. In general, this refer-
ence value will vary with time.

The principle on which a servo
works is shown in Fig. 1. The
value of the variable being con-
trolled, Y, is subtracted from the
reference value R to produce an
error signal V. This dnives the
system in such a sense that the
error is reduced. Unfortunately
the characteristics of most sys-
tems are such that if the error sig-
nal were used directly as the drive
signal, instability would result.
To avoid this, the error signal is
first passed through a signal-pro-
cessing network whose charac-
teristics have to be carefully
chosen. This network is generally
known as the ‘compensator’, and
the system being controlled, as
the ‘plant’.

In classical servos the various
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signals, including m particular
the error signal, are continuous
functions of time. Therefore,
provided that the plant itself is
linear, the compensator can be
designed using the established
theory of linear systems. Many
books have been written explain-
ing the procedure, for example
references 1 and 2.

Today, however, there Iis
increasing use of systems in
which the error signal takes the
form of a sampled-data signal;
that is to say, its value is finite
only at certain regularly-spaced
instants of time called the sampl-
ing instants. At all other times it
is zero. The difference between
continuous and sampled-data
signals is illustrated in Fig. 2.

There are two reasons for the
development of sampled-data
servos. One is that all but very
simple compensators can be
most cheaply built today as digital
circuits, and these, by their very
nature, handle signals in sam-
pled-data form, i.e. as a succes-
sion of values. The other reason
is that in some modern systems
the error signal has to be a sam-
pled-data signal because of the
nature of the system.

By D.M. Taub
(

Since 1950, Matthew Taub has been
continuously engaged in development work on
digital electronics. After five years with
Ericsson Telephones Lid (now part of the
Plessey Group). where he worked on electronic
switching in telephone exchanges. he went to
Leo Computers Lid (now part of ICL),
contributing to the development of the mercury
delay-line store and input/output section of the
LEO 2 computer. He joined 1BM UK
Laboratories Lid in 1957 and is now a Senior
Teehnical Staff Member. Areas of work at 1BM
included magnetic core logic circuits, computer
architecture. read-only and magnetic disc
storage, peripheral-device control using l.c.i.
techniques, and circuits for e.r.t. displays.
During the past two years he's been active on
the working group developing Futurebus
(IEEE P896) for use in high-performance
multimicroprocessor systems.

He has 22 publications in journals, a further
26 in the 1BM Technical Disclosure Bulletin.
and is named as inventor or co-inventor on 27
patents. The published work eamed him a "hD
degree from Canbridge University in 1982,
Previously, he'd studied clectrical enginecring
at University College, Nottingham, gaining the
B.Sc. {Eng) degree in 14435, and after a short
period with Ferranti went on (o carry out
research inte noise phenomena in electron
tubes at the Cambridge University Engineering
laboratory, for which he received the M.Sc.
degree in 1950,

He has served as joint honorary editor of the
1EE Proceedings on Compulters and Digital
Techniques (1977-81). and is a Fellow of the
1EE and the British Computer Socicty, and a
Senior Member of the TEEE.

Fig. 1. Essential features of a
feedback control system or
‘servo’.

Fig. 2. Comparison between
continuous and sampled-data
signals. The sampled-data
signal is zero except at regu-
larly-spaced discrete instants
of time. (a) continuous sig-
nal, (b) sampled-data signal
corresponding to (a).
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TUTORIAL SERIES

Data carrying Data heads

surfaces X % A\\ﬁr

AN

|\ ——

Actuator

| A

motor

Serva surface

I"Mofor

1
l

Servo head

Fig. 3. Low-density magnetic-
disc store in which one disc
surface carries only servo
information.

Fig. 4. In today’s high-density
disc stores servo information
is interleaved with the data
on every disc surface.
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An example is the track-follow-
ing servo in some recent magne-
tic-disc stores. As the name
implies, its purpose is to keep the
read/write head accurately cen-
tred over the desired track. In the
stores being built up to a few
years ago the track pitch was
never less than about 250um and so
one could use the scheme shown
in Fig. 3. In this, one of the disc
surfaces carries only servo infor-
mation, and the signal from the
corresponding head, the servo
head, gives a measure of how far
it is displaced from the centre of
its assigned track. The heads are
rigidly joined to one another, and
so as long as the servo head is
correctly positioned, one can
take it that the data heads are cor-
rectly positioned as well.

The trend today, however, is
to use much smaller values of
track pitch, 60pum or less, and it
becomes difficult to avoid move-
ment of the data heads relative to
the servo head caused by vibra-
tion and differential thermal
expansion. The way out of the dif-
ficulty is to combine servo infor-
mation and data on the same
track, and there are two ways of
doing so. One, which has so far
been used only experimentally, is
to use frequency-division multi-
plexing: the servo information is
confined to low frequencies and is
separated from the data by means
of frequency-selective filters 3,4.

The alternative is to use space-
division multiplexing as shown in
Fig. 4. Here each disc surface
consists of a number of sectors for
storing the data, and between
data sectors there are narrow sec-
tors containing servo informa-
tion. As the disc rotates, the data
sectors and servo sectors pass
under the head alternately, and
the servo information is extracted
by straightforward strobing. The
signal indicating the error in the
head position thus exists only
durning the short intervals when
the head is over the servo sectors;
nowhere does it exist as a contin-

uous signal.

The purpose of this series is to
present the mathematics of sam-
pled-data servos and show how
their performance can be com-
puted. Part 2 describes the
sampling process and explains
the phenomenon of ‘aliasing’.
Part 3 considers the reverse pro-
cess, i.e. converting a signal back
from sampled-data form to a con-
tinuous function of time. In part 4

the servo loop is examined in’

some detail; its response to a sin-
usoidal input is calculated and
stability margins are determined.
Following this, part 5 shows how
to find the various signals in the
loop for any arbitrary input.
First, the various sampled-data
signals are considered, and then

the signals which are continuous
functions of time. Examples are
included at appropriate points.
The mathematical methods deve-
loped are embodied in a set of
programs presented in a compan-
ion paper®.

To understand part 2, the only
background needed is an under-
standing of Fourier series. Part 3
requires some familiarity with
Laplace transforms, and part 4
brings in z-transforms, but only
in a very elementary way. Both
these transforms are used again
in part 5. The necessary material
is covered in many textbooks, but
specially recommended is refer-
ence 5, in which the relevant
material is to be found in chapters
2,3, 4, 8and 9.
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List of principal symbols T sampling interval
t time
U,V,X,Y points in the servo loop
A,B,C,D points in the servo loop at carrying sampled-data sig-
which signals are continu- nals (Fig. 21)
ous functions of time (Fig.  U(z)to  z-transforms of signals at
21) Y(z) U,V,Xand Y
A(s)to  signals at points A, B, C y(n)to  sample values at U, V, X
D(s) and D respectively as func-  y(p) and Y
tions of complex frequency 3 eTs
a(t)to  — ditto — as functions of o hold- circuit proportionality|
d(t) time constant
f, sampling frequency B, coefficient of z* in numera-
H gain; subscripts indicate tor polynomial of Hyy(z)
points between which the -, coefficient of z* in denom-
) gain applies inator polynomial of Hy4(z)
J V-1 . oot Dirac function
K multiplication constant in A< time delay between A and
expressions where gain is B (Fig. 21)
expressed in terms of poles {k coefficient of z* in numera-
and zeros tor polynomial of Hy,(z)
k integer n, coefficient of z* in denom-
(i e lkTe nator polynomial of Hy,(z)
L Hyy o) kz=§ Ay Ay, ... zeros of Hyp(s) !
m integer; also  highest My Hy,... polesof Hxn(s),
power in general polynom- Vi coefficient of z* in numera-
inal expressions tor polynomlal of H(z)
M highest power of z in & coefficient of z* in denom-
numerator and denomina- inator polynomial of Hyy(z)
tor polynomuals of Hy,y(z)
n sample number " ‘Pl' 4/2’ .. poles of Hyy(2)
p(t) sampling waveform angular frequency
s complex frequency @ phase angle
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&

Improving colour
television decoding

Guidance through the series, with some
useful addresses.

A series of articles which started in
December 1983 and ended in July
1984 investigated many of the prob-
lems associated with PAL decod-
ing. The eight articles particularly
contained many illustratiors — a
total of 102 drawings and photo-
graphs — which detailed suggested
solutions to these problems. The
series was, in effect, a fairly com-
prehensive survey of the subject,
but judging from reader’s response,
some found the wide range of treat-
ment confusing; the perspective of
the various explanations was not
fully appreciated. So to help pin-
point the many aspects covered,
the following digest is offered.

The first article (WW Dec.
1983) explained the basics of the
PAL coding system, considering
how the luminance and chromin-
ance components are spectrally
interleaved. Methods of separating
these components by comb filter
were discussed and Fig. 11 on page
77 illustrated the principle of sum-
and-difference filtering using the
input and output of a delay (a form
of transverse filter). The article
described how the frequency spac-
mg of the comb filter ‘teeth’ was
determind by the delay value and
gave examples of typical spacings
ranging from 64 ps (15.625 kHz)
for a 1-hne delay up to 40 ms (25
Hz) for a two-field delay, i.e. pic-
ture store. Further explanation
showed that, although this closer
frequency spacing (of comb teeth)
resulted in virtually perfect compo-
nent separation, the temporal ele-
ment of (moving) television pic-
tures precludes the use of this
degree of selection.

Part 2, in the January 1984 WW
issue, explained the operation of
the PAL modifier circuit, showing
how the chrominance coding in
adjacent (television) lines can be V
axis switched so that Iimes can be
electrically subtracted on to give
chrominance cancellation  and
luminance enhancement. The
description mentioned how this
was a particularly suitable method
for domestic television receivers
which operate with only one (1v)
line delay (64us).

The distortions caused by the
use of shadow-mask colour display

tubes were discussed in Part 3
(Februaryissue). This type of com-
ponent was investigated and its
particular form of operation ana-
lysed. The conclusion reached was
that 25 in (standard receiver) tubes
or small, high-resolution tubes
were those most suitable for deriv-
ing benefits from the application of
the extended-PAL decoding tech-
niques explained in the preceeding
two articles. With other types, the
improvement to be gained from the
modification would be limited such
that, for example dot crawl on the
display would be eliminated from
vertical chroma transients but there
would not be any evident increase
of high—frequency luminance.

Part 4 of the senies (March
1ssue) described in detail the hard-
ware required to realise the modi-
fier and 1-line-delay circuits previ-
ously outlined and included typical
waveforms illustrating the opera-
tion of these circuits. Some reserv-
ations as to the possible improve-
ments to be denved were given. In
particular, this section explamed
that any improvement had to be
paid for by the need for better aerial
provision, for hetter RGB dnve
amplifier performance (specifically,
this was needed to reduce the visib-
ility of slew-rate distortion) and the
acceptance of an apparent increase
n noise interference.

Two modern domestic receivers
— the Ferguson/Thom TX10 and
the Phillips/Mullard circuits —
were reviewed in Part 5 (May issue)
with particular consideration given
to the performance of those circuit
elements most affected by applica-
tion of the modifying techniques,
and to how the altemative circuitry
could noticeably improve on that
performance.

Part 6 dealt with the operation of
the comb-filter board n some
detail. The amplitude and group-
delay responses as well as the
‘pulse-and-step’ performance
figures were compared with the
same charactenstic of the passive
filters in the TX10 and Phillips
receivers. This was done to show
the degree of improvement which
could be obtained from the modific-
ations.

In the final article (Part 7, July
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1984), additional help 1s offered to
prospective builders of the comb-
filter circuit by way of further
description, parts list, location dia-
grams, photographs etc. One fur-
ther point to be mentioned in
respect of the picture improvement
which may be gained from the
maodifications is that, when viewing
good quality pictures, the sharp-
ness and general ‘cleanliness’ (abs-
ence of luminance ‘ringing’ and
chroma dot crawl) is particularly
pleasing. But the observable fact is
this improvement might be ques-
tioned when inspecting a Test Card
F display because visible disturb-
ances in the region of the 4, 4.5 and
5.25 MHz gratings show the very
effects which the modifications are
intended to overcome. This occurs
because the high-band luminance
passing through the PAL modifier
produces aliasing and cross-colour
components generated by the addi-
tion of the chrominance luminance.
Also, with a test-card nput, the
adaptive notch will be operated —
thus removing luminance in the fre-
quency range sampled by the 4.5
MHz grating — and will leave only
the spurious colour from the U and
V channels. The immediate reac-
tion to such a display is that the
modifications seem {o have pro-
duced very little improvement in
performance. However, the test-
card display is, in this instance, giv-
ing a false impression. With real
pictures (i.e. television pro-
grammes), the chance of consider-
able luminance detail occuring at
exactly 4, 5MHz is statistically rare;
the transients which would provide
such picture detail would, m any
event, contain only a small amount
of energy and would not be suffi-
cient to trigger the adaptive notch.
Thus, although aliasing compo-
nents from the modifier can some-
times produce some business
around picture-edge detail, this
would only be detected on close
inspection and would not be visible
at normal viewing distances. A/B
comparison of the notch and comb
decoder would indicate that with
good signals, noise level low etc.,
the comb gives picture improve-
ment especially on large screen
and high resolution monitors.

by D.C.A. Read
B.Sc.(Eng),

M.LE.E.

Two corrections: on page 41 July
issue the 500ms in the left column
should be 500ns for the chroma.
The top left figures on page 38 of
the July issue is Fig.60. This is the
correct figure for page 58 of the June
issue.

Some extra useful addresses:
STP Video Ltd (for high-grade
receiver [F/tuner)

Unit 1, Heybridge Industnal Estate
Holloway Road

Heybridge

Maldon

Essex CM9 7XS (Tel. 0621
54633)

‘Television’ Readers PCBs Services
Ltd (for the board shown in Fig.91)
Ileet House

Welbeck Street

Whitwell

Worksop

Notts.

(Quote ref. DO77 at £9.50.
Includes P&P and VAT) or
Manor Supplies (address shown
in July issue page 40) for a small
board only housing the
TDA3561A and its components.

M.Sagin (for the comb filter hoard,
shown on the cover July, Fig.34, 36
circuit)

Nancarras Mill

Constantine

Falmouth (Tel. 0326 40687/
76007)
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16k Eprom type 27128

Mutlti- taskmg operating system

_—forReal-Time use.

MULTI-FORTH 83

extensive Manual (170 pages plus) and at £45+ VAT itis superb value.

Order it using the coupon adding £3.45 p&p (£6 for Europe, £12
outside) or if you want more information, tick that box instead. Either
way, it will put you one step ahead of the competition.

I P S B D NN

Please send me Multi-Forth 83 for BBC Micro £45+VAT De-luxe System inc Disc £80 = VAT

Cheques to Skywave Software Readers’ A/C (or enter Visa No g:
VISA

Here's the Forth Eprom for the BBC Micro that makes all others
out of date

It's Multi-Forth 83 from David Husband who has built his
reputation for Quality Forth products with his ZX81-Forth ROM,
Spectrum Forth-I/0O Cartridge and now New Multi-Forth 83 for the BBC
Micro. Thisis not rehashed Forth 79 Code, but a completely new
version of the Forth 83 Standard. It's unique in that it Multi-tasks, and

therefore the user can have a number of Forth programs executing ] | 1 | 1 J i BEEEN J . ) —

simultaneously and transparently of each other 5?\;?16';0:?:3“ niormation
Multi-Forth 83 sits in the sideways ROM area of the BBC along Name )2X81-Forth ROM WW

with any other ROMs in use. It is compatible with the MOS, and s [J Spectrum Forth-i/0 Cartridge

specially vectored to enable a system to be reconfigured. It contains a

Standard 6502 Assembler, a Standard Screen Editor, and a Unigue . 2 e

Stack Display Utility. _
With this Forth, David Husband has provided the BBC Micro with

capabilities never before realised. And being 16K rather than 8K is S a5 B oo T (0201508385 SOFTWARE
twice the size of other versions. Multi-Forth 83 1s supplied with an I EEEEE IS e

MULTI-FORTH 83 FOR THE BBC MICR

CIRCLE 41 FOR FURTHER DETAILS.

Post code
SUBJECT TO AVAILABILITY.FOR .0 0.5 ONWARDS
Send o Skywave Software, 73 Curzon Road, Bournemouth,

BERG LOW PROFILE 14 PIN DUAL IN LINE I.C. SOCKET manufactured trom glass filled polyester 10
UL94V-0. £7 for 100, £31 for 500, £56 tor 1000, £256 tor 5000, £460 for 10,000, £2100 tor 50.000. £2.700
for 100.000. Sample 10 sent for £1.20 + 30p p&p (£1.73 inc VAT)

BERG LOW PROFILE 16 PIN DUAL INLINE | C. SOCKET as above £8 tor 100, £36 for 500, £65 for 1000,
£295 for 5000T§:530 for 10.000. £2390 for 50.000, £4300 tor 100.000. Sample 10 sent for £1.40 + 30p p&p
(£1.96 inc VAT)

WIRE CUTTER AND STRIPPER Tempered sieel blades spring loaded
with mouided red P.V.C handles. Cutting and stnpping adjustable up to
6 0mm® Qverall length 135mm, weight 64 grms, 10 for €15, 25 for £34, 50
for £63 100 for £116, 500 for £525, 1000 for £1000. Sample pair sent for
£1.75 + 25p p&p (£2.30 inc VAT)

INTERNATIONAL "POWER ONE' requlated d c. supply unita.c. input 100/120/220/240 volt — d c. output
5 voltat 16.2 amp with +/- .05% regulation for up 10 50% load change. Built to a very high standard on satin
finish aluminium open chassis 14"(w) X 5"(h) X 27,'(d) wt 5.5kg. (brand new boxed) Price £38 50+ £4 00
p+p (£4B 87 inc vat)

REGULATED D.C. SUPPLY UNIT by Gresham Lion input 220 volts +/— 10% or 240 volt +/— 10% 124w
Outputs 5 volt/25 amp with +/- .05% regulation for up to 50% load change. Built to very high standarc on
satin fintsh aluminium open chassis 14"(w) X 4"(h) X 47,(d) wt 3.5kg. bran¢ new boxed compiete with
handbook. Price £130 + £4.00 p.p. (£154.10 inc VAT)

WIRE WOUND RESISTORS. manulactured by E.R G. Type 16 ES with a standard tolerance +5 % of nom:
nal resistance value. All values in stock.

for low-cost training in

real-life robot|cs

The advanced design of the Neptune 2 makes it the lowest cost real-life
industrial robot

It is electro-hydrautically powered, using a revolutionary water based
system {no messy hydrauhc o]

It performs 7 servo-controlied axis movements {6 on Neptune 1) - more
than any other robot under £10,000

Its program iength rs imited only by the memory of your computer
Think what that can do for your BASIC programming skilist

And it’s British designed., British made.

Other features nclude

Leakpiool, tricuoniess rolling diaphragm seals

Buftered and latched versatile mtertace tar BBC VIC 2C and Spectrum computers
12 bit control system (8 on Neptune |}

Special circuntry for initial compensavan

Rack and pinion cylnder couplings for wide angular movements

Automatic triple speed contro) on Neptune 2 for accurate. haming in

Easy access fof senvicing and viewing of working parts

Powertul - ts 25 kg with ease

Hand held simulator for processing (requires ADC option]

Neptune rabots are soid In kit forni as tollows

All prices exClusive of VAT and valid until the end of March 1985

Mentor is atl-8nish in design and manulacture
and comes i kit form at an astorushingly low

menlor -

desk-top robot Mentor robot kit inc. power supply]  £345.00

Mentor Control electronis.

and its rugged construction makes it ideal for

use 10 educational estabiishments Other ADC option {Components it to contiol

Like Neptune, Mentor's program (ength s
limited only by your computer's memary
Programming is in BASIC

Al prices exclusivk of VAT and valid until the
end of March 1985

i b!rn

' PORTWAY TRADING ESTATE, ANDOVER, HANTS SP10 3PR

plll:allnns TEL: {0264) 50093 Telex. 477019

CYBERNETIC APPLICATIONS LIMITED

3 walt serles £3.50 per 100 any one value + €1 p&p (£5.17 inc VAT)
6 watt series £6.50 per 100 any one value + € p&p (£8 63 inc VAT)
10 watt series £10.50 per any one vaiue + £1 p&p (£13.23 Inc VAT\

ALUMINIUM FOIL CAPACITORS manufactured by Iskra 2.25 MRD 385V A.C WKG axsal tupe Bodylength
40mm X 23mm £25 per 100 pcs. £ 115 per 500 pcs. £212 per 100 pes, £980 per 5000 pcs. £1800 per 10.000
pcs, £4.165 per 25.000 pes. Sample 10 sent for £3.00 + £1 p&p (£4.60 inc VAT)

BRITISH MADE TRANSFORMER. input 240V at 50HA, output 12V-0-12V 1/2 amp with built in thermal
overload circuit. P.C. mounting £25 for 10 + VAT £115 for 50 4+ VAT £210 for 100 + VAT £950 for 500 + VAT
£1700 for 1000 + VAT Sample sent for £3 + 75p p&p {£4.31 inc VAT)

OPEN FRAME AND SHADED POLE MOTORS by well known manufacturers, 240 volt a/c many uses

Neptune | robot kit {irk, power supply| £1250.00 ADC option (components ht to main control board) £95.00 Price per sample £1.50 + 75p p&p (£2.59 inc VAT). Price per 10 motors £1.25 + 75p p&p (£2.30 inc VAT)
INeptune 1 control electronics jready busit) £295.00 Hydraulic power pack [ready assembled| £435.00 each
Neptune [ simulator £45.00 g”ppf;f‘”::"mm . g 1 2;;5 ULTRASONIC BURGLAR ALAM — portable — wooden finish with internal alarm — easily installed
Neptune 2 ootk inc power supply ATFRE BH”C“" & a“ o 'gered grppe! Tane mains/battery option — provision for window contacts and pressure mat — extended horn and bell unit

. ! congRcIeties! § Sample units £39.00 + £2 p&p = £47.15inc VAT each. 5 units £35.00 + £2 p&p = £42 55 inc VAT each. 10
Neptune 2 control electronics fready built) £475.00 Commodore VIC 20 connector lead and plug-inboard  £14.50 o

units £33.00 + £2 p&p = £40.25 inc VAT each

Neptune 2 smulator £52.00 Sinclair ZX Spectrum connector lead £15.00

EXTERNAL HORN Sampte £7.50 + £1 p&p = £10.35 inc VAT each. 5 units £6.75 + €1 50 p&p = £9.49inc
VAT each, 10 units £6.37 + €1.50 p&p = £9.05 inc VAT each.

MARCONI TESTER 167B PATTERN GENERATOR AND SLMS MODEL TF 2802/2 brand new boxed with
instruction manuat and guarantee. Made to P.O. spec 5452A protessional equipment — price on request

VELUX SLIDE PROJECTOR Brand new — boxed compiete with 150 watt lamp. Special price £10.00 +
£2.50 p+p (£14.37 inc VAT)

This compact electricatly powered training ready buili £135.00 NEW TEL EPHONE HAND SETS (gr llor desk _ I .
g . (grey) wall or desk mounting — non approved dialling types. Price sample
el Y - £7.50 (s10) £2.00 p+p (£10.92 inc VAT). Price sample £8 50 (wall mid) £2 00 p+p (£12.07 1nc VAT)

PHILIPS MODEL L BB 70009 call key intercom unit new boxed. Price £9.50 + £3.00 p+p(€14.37 inc VAT

features inciude tong-life bronze and nylon ;'B'é"‘;:‘;:( "l"f'l‘"ad :::-:g

be; . INtegral controi electronics and < or le, - . .

poi’re‘nvgssu;lpfy_gvspe(war(ulnyfol inertial Commodore VIC 20 connector lead Full range of all wire/cables/flexes from miniature to heavy duty. Please contact us for
ompensation, optional on-board ADC. and and plug-in board £14.50 quotation against your requirements

hand-held simulator as the teaching pendant, Sinciar 2X Spectrum connector iead £15.00

TERMS C. W.0. export enquiries welcome. We find itimpossible to advertise all we stock
Please telephone. write or telex for further enquiries. Personal callers always welcome

SPRINGFIELD HOUSE,
TYSSEN STREET,
LONDON E.8. 2ND
TEL NO. 01-249-5217
TLX: 8953906 EECO G

ELECTRI]NI[I El]IlIPMENT cll.

CIRCLE 22 FOR FURTHER DETAILS.
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CIRCLE 64 FOR FURTHER DETAILS.
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EPROM PROGRAMMER

Intelligent eprom

programmer

These software notes are a
guide for developing
programming routines for
eproms and single-chip
microprocessors outside the

current range.

Since the first article® 1 have
improved the software so that it is
now possible to produce a printed
listing of 8741/8 and 8749
devices. Also, if the LIST key is
pressed when no printer is con-
nected, the programmer ignores
the command. This eliminates
the risk of the system freezing
while high voltage is applied to an
eprom in the slave socket.

Setting up for the high voltages
is now slightly different. During
adjustment of these voltages, a
link should be fitted between pin
20 of the 25-pin D connector and
pin 17 of IC,. This convinces the
programmer that a printer is con-
nected and it switches on the
high-voltage supply.

When setting and checking the
slave socket V. supply to 6V,
make sure that the ends of the
wires of the 120Q resistor fitted
between pins 14 and 28 of the
slave socket do not foul adjacent
pins in the zif socket. Before tak-
Ing any measurements, select
2764 and execute a PROG opera-
tion. There is no insulation
between pin sockets within the zif
socket body. For this reason the
high-voltage supplies must be
tested and calibrated as
described with the 680Q resistor
connected across C..

Software controlling the pro-
grammer has been kept as gen-
eral purpose as possible. Special
software techniques are used to
select device-specific routines for
operations such as setting up the
programmer, getting a byte from

the master device and pro-

“The main cprom programmer circuit was
detailed in last November's issue, pp. 43-
46, and its power supply, an adaptor for
programming single-chip microcomputers
and 8048 charactenistics in the December
issue, pp. 51-55.

gramming a byte in the slave
device. Table 1 lists commands
which the computer can give to
the programmer and Fig. 1 charts
the general-purpose algorithm
used for all commands. During
the algonthm the command,
stored in register R2, is interro-
gated to see which sections
should be skipped and which exe-
cuted. Remaining flow diagrams
illustrate the controlling program
structure.

Dewce -specific routines

Within the programmer'’s oper-
ations some sections are specific
to individual devices and others
relate to groups of devices such
as single-chip microcomputers.
The key to selecting these func-
tions within the overall structure
of a device-independent algo-
rithm is the content of register
R3, the register pointing to the
currently indicated device or
baud setting.

In setting up initial conditions
for the programmer once a device
has beenselected, the value in R3
is used as a pointer to one of a
series of of consecutive three-
byte entries at the beginning of
the program-eprom data page,
page three. The first of these
three bytes, the number of pages
to be programmed, is transferred
to register R5 and used as an end-
of-operation marker against the
current address every time that
address is incremented in the
INCADD routine.

The remaining two bytes form
16 bits for sending to the four
ports of EXPO tosetup V,,, V,
the re]ay selectable pins and con-
trol pins on both master and slave
devices. Content of R3 is also
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Set PROG.LED,
SETUP

LIST
command ?

No

PROG
command ?

‘ GETBYT to R7

1

Byte from
MASTER to R7

Add R7 to
SUMCHECK 1, PROG
Add R6 to
SUMCHECK 2

Programming
function 7

check sums

[

Fig. 1. General purpose
algorithm used for all
commands in the eprom
programmer. The command,
stored in register R2, is
interrogated to determine
which routines should be

‘ Compare

executed and which skipped.

M represents the master
eprom, S the slave eprom
and C the controlling
computer.

command ?

—

[

Get byte from R6 J

l___-

Send byte
to computer

—]

Ij INCADD

—J

Yes

Prepure
OK led pattern

—

Prepare
ERROR ted pattern

=

AUTO
command ?

1
Send sumchecks |
and address

I__

PSU off,
switch to EXP1
set resulf led,

BEEP

: -
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EPROM PROGRAMMER

11

Table 1. Commands and
device-selection codes for a
computer to the programmer.

0 LIST 2716

1 SUMCHK 2732

2 READ M 2732

3 READ S 2764

4 COFY 276447
5 FROG S 27128
[ . 27128A
7 - 27296
8 - 27912
10 = 8741/8
11 = 8742/9

Note: M represents master, S, slave.

interrogated during setting up to
see if extra Iinitialization 1is
required for pins associated with
putting 8048 devices in program
mode.

The general-purpose nature of
register-conditional program
execution is illustrated when it is
time to program a device. Rele-
vant extracts from the program
source code are shown in List 1.
Prior to programming, the mas-
ter byte stored in register R7 is
added to the master check sum
referenced as SC1. After pro-
gramming, the result is expected
to be in R6 ready to be added to
the slave check sum SC2 and pos-
sibly to be compared with the
content of register R7 to establish
whether or not programming was
successful.

To execute the programming
operation, a call is made to
PROG. In this routine, the con-
tent of device-pointer register R3
1s offset by the base address of a
table of data bytes beginning at
location PROGTAB in the same
eprom page as the PROG routine.
This A register will now contain a
value equal to the lower eight bits
of the eprom address PRGTAB
plus a number in the range 0 to
11.

Operation JMPP @A is a single
instruction It gets the byte from
the PRGTAB table pointed to by
the contents of the A register and
uses it as the lower eight bits of
the next instruction to be exe-
cuted. In register terms, the
instruction  puts the byte
extracted from the table into the

—

MAINIO: MOV A R7
MOV RO, #SC1
CALL SUMCHK.
CALL PROG
MOV A, Rb
MOV RO, #SC2
CALL SUMCHK
PROG: MOV A, #LOW PRGTAR
ADD A,R3
JMFP 3A
| 4
PRGTAR: DE LOW J2716
DE LOW J2732
DB LOW J2732
DE LOW J2764
DE LOW J2764
DB LOW J27128
DB LOW J27128
DB LOW J27256
DB LOW J27512
DB LOW J27512
DE LOW J8748
DB LOw J8748
;
J2716:  JMP P2716
J2732:  JMP P2732
J2764:  IMP P2764
J27128: JMF P2764
J27256: JMP F27256
J27512: JMP P27512
J8748: JMP P8748

sadd to SCt

jelse possible prog, definite verify
sslave byte to Ré

yadd to SC2

List 1. Extracts from the
eprom programmer source
code to illustrate the general-
purpose nature of register-
conditional program
execution.

1
Initiate

Enable s.i.0.

Set AUTO

No character No

received ?

Set manual

Key nof
pressed ?

Set AUTQ

GETBYT

valid start
character ?

GETBYT,
put in R3, SETP
GETBYT, put in R2

l

Tested

16 times ?

Disable s.i.0.
Complete key read
GETKEY

T
- PROG ?
Yes

N—OAOWN7
S

Yes

BEEP,
decrement LED ptr

(

No stz >
Yes

Pointer
on valid eprom
type?

No

Set COPY to R2

j

Pointer
at Baud
set ?

Set BAUD, BEEP

RS232 active?

No

Set LIST command

’/ BEEP,
increment LED ptr

L R
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Prog 2732 Prog 2764 ) Prog 8748
Verify 2732 verify 2764* ] Verity 8748
|

Programming
function ?

Programming
function?

Programming
function ?

Source
and slove
differ?

Source
and slave
differ?

Source
and slave
differ ?

Jutput source Set pulse count of 15 Rework T and
Set V to 6V output address
Latch it by
Program by pulsing %waf;rgs TRCE:dE];JIL],rngJf A complete kit of parts for_the
S20 low for 50ms Output source byte, source byte f eprom programmer including
program by pulsing l transformer, zif sockets,
S27 low for 1ms unpunched case, connectors,
Program by taking hardware and programmed
S (——— \ig then PROG eprom but not p.c.bs can be
| Verify 2764 high for SOms obtained by sending £89.50
— inclusive to John Adams at 5 The
Close, Radlett, Hertfordshire,
— verfy 8748 telephone Radlett 5723. Parts for
¥* B No the single-chip microcomputer
_ differ ? /\ = Al programming adaptor excluding
Verify 2732 S - ouf:uofraddress p.c.b. but including sockets are
Yes Latch it by ’ an extra £17.25. A dlsc_wnh the
Decrement putting RESET high $C84 control program is £5.25
Turn off Vg, pulse count ;r;;:lus;\::e — please state disc
wait 20ps, set S22 low, T?v’vce) Si.lk-SCreened .c.bs, a
input and set 522 high Set TO high 1 ) p.c.Ds,
- then input and main plated-through-hole board
I Done ? > e G for the programmer and
O single-sided one for the p.s.u.,
/ l are £17 including UK/overseas
Yes Set TO postage and vat from Combe
then RESET low Martin Electronics, King Street,
Set overprogram Combe Martin, North Devon EX34
pulse length of r'Ll 0AD. The microcomputer
L x{16-count left )ms { programming board is an extra
l T £4 including postage.
— — Our apologies to readers who
@ = Return to routine OUTDUdf source byte C Rework > received character-generator
i) (el listings for the SC84 by mistake.
for calculated time I
Clear RO

and carry flag,  jw_

] *
Verify 2764 rotate five times /

Flow diagrams illustrating
structure of the eprom
programmer controlling

|

Source

software. endlslaye 000000 ]0000]0€ 00 [00 RO
match ? [/ €

NAT[A6 [ASAL] A3 [AZ[AT[ADT A

Verity 2764 Set V._ =5V,

!fhen rotating A three times thEJ
verify 2764 *

r"sa S22 low, [a2] a1 TA0] 00]00[00 00 00] A
input and-set gives
S22 high Set Vec= SV [A3] Ak] AS[A6TA7]00[00]00] RO
L and
[ ] b [oo[0ooo] 00T 00[A2TATTAD] A
/ which,when added, gives

[A3[AsTASTAL[A3TA2]AT [AD] A
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Program || Verify
18V :
Pin 7 \ {
|
sV ’
Sy ’
Pin1 0V| I I
|
5V, ;
Bin & ovl I :
I
Pins Py | fr——
12-19 g Bt )
|
I

Pins d ines/!
21-2 1.—_< Upper address hnes; >—

1

7V, !

|

I

Pin 26 i

|

5V !

i

18V |

Pin 25 :

sv I

!

1l

S0ms

Programming/verify cycle for 8741/2/8/9.

lower eight bits of the program
counter.

Now the 12 bytes in the
PRGTAB table are each the lower
eight bits of eprom address loc-
ations holding the starts of
several jump instructions within
the current page. One can see
that the content of register R3 has
heen used to direct execution to
the jump instruction selected by
register R3 and thus on to the
particular routine for the device
to be programmed.

As the level of execution is
already within a subroutine, each
jumped-to routine needs only end
withareturninstruction, RET, to
pass control back to the original
calling program. There are 12
hytes defined in the PRGTAB
table, each related to one of the
twelve possible devices and thus
twelve possible R3  register
values, but there are only seven
JMP instructions. Thisis because

for several devices, e.g. 2732/
32A, 2764/64A and 27128/
128A, only the initial conditions
vary and so the same programm-
ing algorithm may be used more
than once.

Obtaining a byte from the mas-
ter device during listing, copying
or device reading is carried out in
the same way. There are only two
jumps, one representing a rou-
tine for all ordinary eproms and
one returning the content of the
8048 device in the adaptor as
though it were a master device
(i.e. inregister R7), even though
it is in the slave socket. Note that
this will not affect copy oper-
ations attempted on 8048 i.cs,
nor will printer data rates cause
erroneous JMPP executions as
register R3 is strictly qualified
during early sections of the main
program to filter out illegal oper-
ations.

Table of device details

This table contains three-
byte entries detailing each
device. The first byte is the
page count (zero means 256
pages) and the other two
are set-up conditions of P, ,
on the expander. For 874x
devices. A,,; control
RESET, V., EA and TO
respectively; slave line S20
controls the PROG signal
and S22 supplies V. In
these devices, a low on the
control line activates the
high-voltage supply.

Programmer specification

Eprom types programmed

2716, 2732, 2732A, 2764,
2764A, 27128, 271284, 27256,
27512, 8741, 8748, 8749, 8742.

Modes

Computer peripheral
Programmer-control functions
and eprom data i/o through
9600 baud serial link. Eprom
reading, copying and pro-
gramming under computer
control. Disc-file to eprom and
vice versa, sum-check master
or slave and copy master to
slave using SC84 software.
Manual controls are inhibited.

Stand alone

Manual controls venfied by
sounder for eprom copying,
erasure venfication and send-
ing contents of eprom to a
serial printer, etc, in formatted
hexadecimal and ascii form at
one of four data rates.

Interface

RS232C bidirectional with hard-

ware handshake.
Eight-bit data, l.s.b. first, no
parity, two stop bits send, one
or two stop bits receive.

Printer data rates
9600, 2400, 1200 and 300 baud.

Controls
Four push controls,

PROG — programs selected
master to slave eprom
LIST — lists master eprom via

RS232 port
UP — increment selection
pointer

DOWN — decrement selec-
tion pointer

Processor

8048 microprocessor with i/o
extenders controls above func-
tions and uses ‘intelligent’ pro-
gramming algorithms where
applicable to reduce programm-
ing time by at least 75%.

Notes: (1) A,, ; are pins 2, 26. 27 and 1
respectively. (2) A, ;; irrelevant. (3) High-
voltages on. Logical low and high are repre-
sented by L and H.

PSU Control Relay Address line (1) Device
43 421 412 ON RES M22 S20 S22 26 1 22 23 15 14 13 12
B 8 1 0 0 0 6 0 0 1 0 0 0 100 10 POl 0 2716 ZWN t0 SZ3 ()
DB 16 i ¢ o0 o0 o ¢ 1 ¢ 0 0 1 6 6 0 0 0 2732 2N to S22 (D)
DB 16 19 LS ] Ew0e i) grs 0 o ¢ 1 0 0 0 6 0 27324 21V to S22 (2)
DB 32 1 i ¢ 0 0 ¢ o 1 1 1 0. 0 0 1 1 0 7644 2Vto01,820L, 268 27 K
DB 32 105007 NVERiF Y n0ass) Bl =l 1 1 0 0o ¢ 1 1 0 6% 1N to1,S5201, 26827 H
DB 44 § I ([ Ry 1 1 1 ¢ ¢ ¢ 1 0 0 1M 21vVtol,S201L, Z7H
DB 44 1 6 1 0 0 o0 0 1 1 1 ¢ 0 0 1t 0 0 71284 1N to ], 5201, Z N
DB 128 1 ¢ 1 ¢ o0 0 1 1 1 1 0 0 o ¢ o0 0 27256 1N toi, 520 8 S22 H
DB 0 1 (it L =" 11 5 B S8 (T JUSSE () Taln0l ! 81 ¢ o0 0 0 0 27512 1V to S22, S20 H
m 4 1 g 0000 -0 0 ) (PSR S T S B | 1 0 8748 ZWN ta S22, TO H, RES L (3)
DB 8 1 0 0 1 0 0o 1 1 1 0 ) G R | 1 1 0 8749 73V to S22, TO H, RES L (3)
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COLOURIET 132

132 Column Compressed Mode

\
B = Cash price O
= £55 + VAT

T Logic seeking in Centronics parallel interface with
dot address mode full Viewdata and free BBC
Micro dump listing.

also: prints OVERHEAD
TRANSPARENCIES

Options available

@ Buffered RS232/Viewdata
interface

@® Apple II & Ile interface

® IBM pc dump

Specifications:

1280 dots/line in double res. mode

37cps in full colour

Friction feed roll paper and single sheet
feed A4

Ink cartridges 4 million character life

Portwood Industrial Estate, Church Gresley
INTEGREX I-I M ITED Burton-on-Trent, Staffs DE11 9PT g
Burton-on-Trent (0283) 215432. Telex: 377106

CIRCLE 63 FOR FURTHER DETAILS.

AANT 00% 8CY70 0.6 Byt 140 TBAS3D 075 IN 3771 085 JAPANESE i PCCBS  0.42 LED -
AAT(9 008 BCYT1 0.16 BU126' 0.70 TBAS40 0.7% 2N 3772 0.90 THANSISTORS PCF80  0.58 LED 3mm
AAY32 008 BCY72 0.16 8U204 0.7§ TBAS60 €.70 2N 3773 100 25A73  8.30 PCF20R  1.35 RED 0.05
ACI107 028 BD 1S 2 | 8U205 070 A 0.35 2N 4031 0.2§ 25A104 .32 | PCFBOT 130 03
AC126 017 BD124P 050 | BU208  0.75 | TBABIDS 0.60 2N 4036 0.25 25A188 0.22 | PCFBCI 0.57 LELLO’“Wm 010
AC127 015 BD124 10 BU2084 0.80 TBAB20 07§ 2N 4037 028 254203 0.30 PCFBO¢ 115 ¥ .1
Cigs 015 | 80128 035 | BU206D 120 | TBAce0 080 | 2w ass3 036 | pcupn g3y | PCH20D 100 b o o
ACT2BK 0.23 | BO131 025 | BU32%6 085 | TBAGSD 0.80 | 2N.4444 076 | jcpe” g | PCLBT .54 | appe T g
ACT41K  0.23 BD132 025 | BU406  0.85 | TBAYSO 0.80 2K 5061 0.20 25877 032 PLSIS 450
ACt42K 022 | BD13S 0 | BU407 075 | TCAB0O 0.80 | 2N.5294 0.30 | Jega3; 4pp | PCLE2  0.63 [ LED Smm
AC1S3K 023 | BO136 020 | BUS 100 | TCA940 085 | 2N 5296 0.30 | 53puoc oz | PUL8s o050 | RED 05
AC(76 018 | 80137 0.20 | BUSCD 110 | TDAIIZ0 080 | 2N.6106 0.40 | 35cag0 029 | PCL8S O
AC176K  0.28 BD138 0.20 BUS26  0.80 TDA1412 0.60 2% 6107 040 25C495  0.60 PCLEE 9. LED 5mm
AC187 015 | BO19 020 ] BY126 006 | TDA2002 080 | 2N 6103 0.40 | 55¢733 pag | POLBOS 055 [ VELLOW D19
ACI7K 0.20 | BOT4D 020 f BY)Z7 008 | TOA2003 180 | o0 oo | 25616y 110 | PFL200 088 0
ACIBO 017 | BD144 090 | BY133  0.08 | TDA2020 140 [ U 028 | oefyimy s [ PL3 080 | LECSmm
ACIB8K 023 | BOGSO 030 | BYi6e 022 | 082030 140 85 ) 53C1219 024 | PLSDe 095 | GREEN o0d0
Avio o4 | Gbis 03 | Bvirs 0% | hAmas o0 | o wp | ZCE d ) B8 %
D142 060 [ BDW66 030 | BYiB2 0.2 | TOA2832 075 | \[AS g'm 25C1520 025 | PYBB 0
AD19  p45 | BD17S 030 [ BY1e 032 | ToAZ5«0 070 | (N002 EH | gor, 130 | PYsooa 1eo [ o
Apist 922 | 8017 030 | By 032 | Toa2zseo oo | (NAO03 884 | ocomg o BRI GE
ADIG2 022 | B9 03z [ BY196 020 | TDA2593 080 [ RABES B4 | 5ogancg g7 Ry IER. Sy
Mis 023 | Bosor 0% | Evaor adi | touasen gy | Weo06 00e | 25C22 2% | ewems 1A00V 018
1 g % IN 4007 006 | 2502952 £27 | sonMv 147200V 0.19
A1 02 | Sbais a2 | v G | Tiosea ozp | MenE D0z | ZD4 030 | apveghange | a0y 027
i 9 h IN 5400 0.09 25K135  4.00 27 10 39¥0 060 1A/B00V  0.23
N2 o3 | 8bs a1 | ceenn  aun | Tiess lp [ INGor oo | MEVR TS0 | dawrees | jaadov 028
AUz 70 | BD225 031 [ CAJOBS D28 | mip3ia ze | (N2402 010 | ST L | B2X6t Range | 2a100V 038
Aty g0 | BD232 031 [ CAJBS 150 [ ripzy g [ (N340S B3 rawnt | oy o3
AS215 100 | BD237 021 g:gslso :92 TIP32A 024 | USioe 032 g:;éggx g;f
o | b AT R e 2
R A R T R ol T TR B . . .
1 1.80 BDS3! ¥ . 1P41 0.25 : pin !
WE | b e | Ve iR | o A New Concept in Optical Equipment
4 . P4 0.2! in g .|
8a15 010 | 80838 0.4p | MI00D 115 | 7ipa7  pap | vouTace o o1z | 2732 490 1 6adoov 080
BA@R D10 | BOCR 100 | MIOI 18 | Tpet 00 | REGULATORS | 0pn otk e 19| asaroov 160
BA154 0.06 BOXES  0.30 I 0.3¢ TiP4g 0.40 22 pin 016 . N . N . . .
asrua | see i | MiEws 0% | Teio ok |72 03 Zagn am | e 6% The Fibre-Optics Educator is a low-cost, versatile instrument designed
B101 013 BF181 018 TIP112 0,54 28 pin 0.20 X . . N . N . . . N
gy 0% | grm o | MU 080 | e ode | 788 038 | lopn 0 ksl | A primarily for organisations involved in or about to enter the field of fibre-optics.
52088 024 gries ":ﬁg MIEZS55K 090 pm‘o 043 | 005 a5 t:’,"zgg 0"“"';: CAN™ [go:20 It can function as:
i 0.07 F194 0. 1P121 046 | 792 gup NI4T CGs 9
C108  0.07 | BFISS 005 A47 006 | TIPI22 047 | 7gq5 gag | YALVES Wy o . .
s o | s boe | oho pod | s o | g gl | O 0 Em:woo vas TEST EQUIPMENT e g. for accurate fibre attenuation measurements to a
), X 3 ECCB2  0.40 | LM 02§ i R
A Wk M N 68 | KRR O S 68 o e | Oy ok | MESST 018 | meusas range of 50dB, optical level measurements, and for testing out analogue and
B e ,. i B 8 i ) X ; ]
Oty iall| Brass [Cde ] ocabr vod | TiPaoss ade | 7SLte sl cces a0 N digital optical transmitters and receivers. Also, it may be setto give an audible
74L18 0.28 ECH® 0.49 . N . . . . . .
G o | By o | 0Ce a0 | TS g | 7ese o | fCms o | By indication of low level infra-red radiation using the analogue loudspeaker out-
G o gﬁg 830 [ 007 0% | oo oun | I 100 ffs2 pm | S put or the digital buzzer output, with a length of optical cable acting as a probe.
15, 005 C200 1.80 g o -
282905 020 | LM3T7T 180
Sl b [ M G| fen | avom | bemon il ok 30 on TRANSMISSION EQUIPMENT for both analogue and digital data, over
C1g2L 006 | BFX29 020 | ORP6O 100 y TBHGKC 5.70 : q H . A .
scies obe | eos 020 | oest  voo | SNEDES D95 | rmwnskc sa | EB 03[ G06, 0% free-space as well as optical fibres. /t is also ideal for:
: ¥ TBGUIC 190
8C1a4 006 | BFX87 015 | mogose g0 | 2N 3063 038 | oon k%5 | EF1B3 04 | 500 om . - X X X .
scisa poe | enxe ors | moios o0 | JN30E0 03 ToROKE a7 | Erm s f oo TRAINING engineers, technicians and executives in the growing field of
1 o $ ). X 7 . . . . .
BCziz 006 | BEYSt  0x | sasseo w0 | 20 TN 0 ST || BE R - i for indust lleges and technology training cenfres.
e be | i | S8 U | v o RO B T fibre-optics. Suitable for industry, colleges and gy g
02130 0.06 .. N75003% 1. - . . . . .
YFS7 0.2% -
G 006 | Brves 075 | Swrerw 14 | Please add 50p P&P and VAT at 15%. Gowt. Colleges, etc. The Fibre-Optics Et_duclatorbfomptnsest hfully p:)hnable optical transmitter and
e A e [oas ]} Sursazaiga e ordecsaccepted receiver units, optical cables, together with numerous accessories, a
gggg %% Bg:g :':2 "“7756"‘“’;‘ 0“'77; Quotations ?lven for Large Quantities S P 1 g '
5301 018 | 8Sx21 816 | Snieme 3o Please allow 7 days for delivery comprehensive manual, and carrying case.
302 018 gg:gg g!: N76227 0.0 All brand-new Components. All valves :r;&:ow and boxed
8C303 0.8 .1 Ring for items not listed. We stocl tems i i
B30 ol Bore on | toswo osz ] o Designed and Manufactured in the U.K.
ok 18| B o | e b TALT
AG521-200 072 . .
e 1% 1iie lm ok e16 G RAN DA A L D . For further details contact:
a4 R
vz 50 | Brizo 100 | Tassso one 9 & 12 THE BROADWAY, PRESTON ROAD ELLMAX Etectronics Ltd.,
Byt 4S8 | BuioL 100 | Taaias 048 WEMBLEY, MIDDLESEX, ENGLAND Unit 29, Leyton Business Centre,
Bover 020 | sutos 100 | Toasee oew Telephone: 01-904 2093 & 904 1115/6 Etloe Road, Leyton, London, £10 7BT. E LE CTRONI CcS
BCYS6 098 | BUMG 110 | TBAS20 0.75 Telex: 932885 Sunmit Tel: (01)539 0136
CIRCLE 45 FOR FURTHER DETAILS. CIRCLE 33 FOR FURTHER DETAILS.
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TELESCOPIC MASTS

Pneumatically operated tslesccpic masts.
25 Standard models. “anging from 3 metres
to 30 metres.

ilomast Ltd

THE STREET FEYBRIDGZ — MALDON
ESSEX TM9 7HB ENGLAND
Tel. MALZON (0621) 56480
Telex Na. 995855

CIRCLE 5 FOR FURTHER DETAILS.

NEW DISCO ELECTRONIC CENTRE

U.K.and EXPORT RETURN OF POST MAIL ORDER

BAKER LOUDSPEAKERS" Post £2 each.
MODEL . INCHES OHMS  WATTS  TYI PRICE
Oisco/Group 10 816 50 PA £18
Midrange 10 8 100 MI0 £25
Major ) 4816 30 HIFI £16
Superb 12 816 30 HI-FI £26
Woofer 12 B 80 HIFI £25
Auditorium 15 8-16 80 Bass £37
Disco/Group 12 4816 45 PA £16
Disco/Group 12 4816 i) PA £20
Disco/Group 12 816 100 PA £26
Qisco/Group 15 816 100 PA £35
REPAIR service to most Baker loudspeakers. 50% List Price

SPEAKER COVERING. Samples S.AE.
CABINET WADDING 18in wide 35p ft,

. SPEAKER CABINET Designs manual £3.50

MOTDRDLA PIEZO ELECTRIC HORN TWEETER,
3din square £6
100 watts. No crossover required. 4-8-16 ohms,
74X34in. Flared Horn 60 watts £10
HORN BOXES, complete 200 watt £32.
300 watt £38. Size 16X6X6in. Black vinyl covered
with handle and standard jack sockets Post £4.
CROSSOVERS. TWO-WAY 3000 cps 40 watt £4.
60W £5. 100W £6.

THREE-WAY 950 cps/3000 cps. 40 watt rating. £4.

60 watt £6. 100W £10

LOUDSPEAKER BARGAINS Please enquire, many
othersin stock,

4 ohm, 5in, 7X4in. £2.50; 8}in, 8X5in, £3; 8in, £3.50.
&¥in 20W, £7.50. 8in 40 watt £10.

8ohm, 2iin, 3in, £2; 5X3in, 6 X4in, 7X4in, 5in, £2.50;
3in, 10W £4. 8X5in, £3; 8in, £4.50; 10in, £5; 12in, £6;
8in 25W £6.50; 60W £12.50. 12in 40 watt £10.

15 ohm, 21in, 34in, 5X3in, 6X4in, £2.50.64in 10W £5.
8in£a. 10in£7.

25 ohm, 3in. £2; 5X3in, 6X4in 7X4in. £2.50.

EMI1 13yX8in Bass & Tweater 4 or 8 ohm 10 watt £8

FAMOUS LOUDSPEAKERS

MAKE MODEL SIZE  WATTS OKMS PRICE  POST
AUDAX WOOFER Sin 25 B £1080 £1
GOODMANS ~ KFAX 7ix4; 100 8  £30 £
AUDAX WOOFER 8n 30 8 £1%0 £1
GOOOMANS ~ HE 8n 60 8 £3%0 f1

WHARFEDALE ~ WOOFER  8in o 8 £9.50 £2
CELESTION ~ DISCO  10in 5 816 £ f2
GOODMANS  HPG 12in 20 815 £30. £2
GOODMANS  HPD 2in 20 815 £30. 2
HHH DISCO  15in M 486 fu 2
GOODMANS WP in % 8 in 2]
GOODMANS  HPD 18in 2% 8 2] 1
Many others please telephone your enquiry.

RCS STEREO PRE-AMP KIT. Inputs for high, medium
or low imp volume controf and PC Board. Can be
ganged for multi-channel;

SINGLE PLAY DECKS. 240v AC
Post £2.
Modet  Cartridge Price

Make

GARRARD 6200  Ceramic  £22 1
BSR P232  Magnetic £28

BSR P200 Magnetic £34

BSR120C P24 Ceramic £20

AUTOCHANGERS 240 VOLT AC

BSR Deluxe Ceramic £20
BSR Deluxe Magnetic £26

GARRARD Deluxe Ceramic £22

ANTEX SOLDERING IRONS €240 15 watt £5.75
XS 25 watt £5.95 Stand £2.50 pp 65p

DECCA TEAK VENEERED PLINTH

Superior finish with space and panei for small
amplifier and most record decks.

Board cut for BSR or Garrard 181in X 14tin. X 4in. £5
Black/chrome facia trim. Post£1
TINTED PLASTIC COVERS for Decks, Music Centres,
£5each. Post £1.
174 X 133 X 3tin.
17 X 12§ X 3in,
223 %134 X 3in,

231 x 14 X 3in.
183 X 121 X 3in,
163 X 13 X 4in.

144 X133 X 21in.
21 X 134 X 43in
304 X 138 X 3iin.

THE "INSTANT~ BULK TAPE
ERASER  £11.50 Post 95p
Hand-held. Compact unit.
Suitable for cassettes and all
sizes of tape reels. AC 240V. Will
also demagnetise tools.

Tape Head Demagnetiser £5.

PROJECT CASES

Black vinyl covered top and sides

6X4X1im£3.60 8X5X2in£4. 111X6X5 £9
9Xx5%23in£4.80 11X6X3 £5.50 13x8x4: £1.

ALUMINIUM PANELS. 64 55p; 86 90p; 14X3
90p; 10X 7 £1.15; 12X8 £1.30; 16%6 £.30; 14X9
£1.75; 12X12£1.80; 16X10£2.10;

ALUMINIUM BOXES. 4X4X14 £1.20; 4X21 X2 £1.20;
3%2x1£1.20; 6X4x2£1.90; 7X5X24 £2.90; 8X6X3
£3; 10X7X3 £3.60; 12X5X3£3.60; 12X8X3£4.30;
IX4X4£3; 6X4X3I £2.20; 4Xax 2} £1.60.
POTENTIOMETERS 5k/2meg LOG or LIN. L/S 50p.
DP 90p. Stereo L/S £1.10. DP £1.30.

Edge Pot 5K. SP45p.

DELUXE STEREO DISCO MIXER/EQUALISER as
above but LE.D. V.U. displays 5 band graphic
equaliser. left/right fader, switchable inputs for
phone/line, mike?line. Recording Output £124

ELECTRONIC REVERB UNIT inputs for MIC + LINE
All slide controls 9v Battery operated £34 Post £1.

ELECTRONIC ECHO UNIT Digital Analogue: No tape
or moving parts. Suitable mike or musical
instruments £85 Deluxe version £95 Post £1

% BAKER %
GROUP P.A.DISCO

BATTERY ELIMINATOR Mains to 9 volt D.C. 400MA.
Stabilised, safety cutout, 5X3;X2;Xin. £5. Post £1.

PA 150 Watt MICROPHONE VOCAL and
GROUP AMPLIFIER £129

4 channel mixing, 8 inputs, dual impedance, 50K-600
ohm, volume, treble, bass. Presence controls on
each channel. Master volume control. echo, send
return socket. Slave sockets. Post £3.

150Watt MIXER AMPLIFIER 4 Inputs £99
Discotheque, Vocal, Public Address. Speaker outlets
for 4, 8 or 16 ohms. Four inputs, 20 mv, 50K ohm.
Individual volume controls “Four channel” mixing.
Slave output 16" X 8" X 5}, Wt — 14lb: Mastervolume
control 240V A.C.Post £2.

100  Volt Line Model, 150 watt £114.
MONO SLAVE. 150 watt £80.

Baker Stereo Slave 150 + 150 watt per channel {300
watt Mono) Heavy Duty Model f £125 Post £4.

BAKER MOBILE PA AMPLIFIER. All transistor, 60
watt RMS, 12v DC & 240v AC, 4 inputs 50k Aux + 2
mics + 1 phono Ioudspeaker. Output

4-8-15 ohms + 100 volt line. £89 Post £2

PA systems — amplifier, mike + two spkrs  Carr.
Mobiie 60w, 240v AC + battery 12v = £159 £8
Mkil 150w, 240v AC, complete £249 £20

WATERPROOF HORNS 8 ohms, 25 watt 10in. £22.
watt 8x4}in. £23. 40 watt 12in. £29. 20 watts 12in.
plus 100 volt line £38. Post £2.

BAKER PORTABLE DISCO 150 watt. Twin console +
amplifier + mike and headphones + twin speakers
£360. Carr. £30. Consolef 145. 120 watt £199.

PA CABINET SPEAKERS. Complete. 8 ohm 60 watt
17X15X8in. £27. Post £4. 4 or 8 or 16 ohm 75 watt
20X15X9in, £52. 90 watt 32X 15X 11in. £73. 150 watt
£82. Carr. £10 Black vinyl covered with handies.

Etectret Microphone £20Fioor Stand £12.50 pp £2.
Boom Stand £22 pp £3

MAINS TRANSFORMERS Post
2%0-0-250v B0mA, 6.3V 3.5A, 6.3V 1A £7.00 £2
350-0-350V 250mA, 6.3V 6A CT £12.00 £2
220V 25ma 6V lamp £3 00 £1
220V 45ma 6V 2 Amp £4.00 £1
250V 60mA, 6V 2A £5.00 £1

Step-Down 240V to 115V 150w £9. 250W £12.
500W £14 post £2.

TRANSFORMERS LOW VOLTAGE

Tapped outputs available Mains Primary Price Post
2amp, 3,4,5, 6.8 9 10, 12, 15, 18, 25 and 30V £6.00 £2
1amp. 6.8, 10, 12. 16, 18, 20, 24, 30, 36, 40, 48, 60  £6.00 £2
2amp. 6, 8,10, 12, 16, 18, 20, 24, 30, 36, 40, 48,60 £10.50 £2

5-8-10-18V. § amp £2.50 £1 0-8-12v5amp  £5.00 £1
BV} am) £2.00 £1 15-0-15V. 1 amp £4.00 £1
6-0-6V. 1famp £350 f1 15-0-15V 2amp £5.00 £1
9V, 400ma £1.50 £1 20V. 1 amp £4.00 £1
9V. 3amp £4.00 £1 20-0-20v. 1 amp £3.50 £1

9-0-9V. 50ma £1.50 £1
9-0-9V. 1 amp £3.50 £t
10-0-10V. 2 amp  £4.00 £1
10-30-40v. 2 amp  £5.50 £1

0-12-27V. 2amp  £4.00 £1
20-40-60V. 1 amp £3.50 £2
25-0-25V. 2 amp  £5.50 £1
24V, 5 amp Twicef12.00 £2

12V, 100ma £1.50 £1 30V. 1 amp £5.00 £1
12V. 750 ma £2.50 £1 30V. 5 amp and

12V. 3amp £4.50 £1 17-0-17 22 £4.50 £2
12v, 5 amp £5.00 £112-0-12v lamp £3.50 £1

12-0-12v.2amp  £4.50 £1 3SV. 2 amp £4.00 £1

LOW VOLTAGE ELECTROLYTICS

500mF 12V 15p; 25V 20p; 63V 40p, 1200mF 76V 80P
1000mF 12V 20p; 25V 35p; S0V 50p; 100V £1.20.
2000mF 30V 42p; 40V 60p; 100V £1.40;
1500mF 100V £1.20, 2200/63v £1.30

2500mF 50V 70p. 3000mF 50V 65p; 4700mF 40V £1.

CAPACITORS WIRE END High Voltage.

.001, .002, .003, .005, .01, .02, .03, .05 mfd 400V 10p.
1MF 400V 14p. 600V 15p. 1000V 25p.

.22MF 350V 12p 600V Zop 1000V 30p 1750V 60p.
A47MF 150V 10p. 400V 25p. 630V 30p.1000V 60p

HIGH VOLTAGE ELECTROLYTICS

2/500V Sp 32+32416/350vV 90p B+16/450v  95p
16/450v 50p 220/400V £2 4.7/500v S0p
20/500v 75p 150+200/275V  S0p 32+32/350v  85p

32/350v 45p 32432+32/450V£1.50 20+20/350V  75p
32/500v 95p 8+8/450V 85p 50+50/300V  50p
47/350V 75p 8+8/500v £1 32432/500v 2

£8.50 post 50p MINI-MULTI TESTER.
- moving coil 4000 o.p.v. 11 instant
ranges measure: DC volts 5, 25, 250,
$00. AC volts 10, 50, 500, 1000.
0-250pa; DC 0-250ma. DC Resistance

0 to 600K ohms.
De-Luxe Range Doubler Meter,
50,000 o.p.w. 7 X 5 X 2in. Resistance
20 meg in 5 ranges. Current 50pA to
10A Volts 0.25/1000v DC.
10v/1000v AC. £25 post £1

PANEL METERS 50pa, 1003, 500pa, 1ma, Sma,

50ma, 100ma, 500ma, 1 amp, 2 amp, 5 amp, 25 volt,

VU 59X53X34mm. Stereo VU 82X41X26mm £5.00

RCS SOUND TO LIGHT CONTROLLER KiT £19

Printed circuit. Cabinet. 3 channels. 1,000 watts each.

Will operate from Hi-Fi or Disco. Post £1.

Ready Buiit Deluxe 4 Channel 4,000 watt with chaser

+ speed + programme controls £69. Post £2

New Model Mkl with special 16 programmes: 4

channel 4,000 watt £89 post £2
Pair of 4 channel Light Boxes

Complete with 8 coloured bulbs. The pair clip

together for easy transport £74. carr. f£4.

RADIO COMPONENT SPECIALISTS

Dept 1, 337, WHITEHORSE ROAD, CROYDON

Post 65p Mini

SURREY, U.K. TEL: 01-684 1665

Wal

Callers

Full Lists 34p. Same day despatch. Closed Wed.

CIRCLE 7 FOR FURTHER DETAILS.
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RADIOCODE CLOCKSLTD

SPECIALISTS IN ATOMIC TIME, FREQUENCY AND SYNCHRONISATION EQUIPMENT
( NEW PRODUCTS )

@ MINIATURE RUBIDIUM
OSCILLATOR MODULE
Lower power, fast warm up, optional
output frequencies, programmable
frequency offsets.

® RUBIDIUM FREQUENCY
STANDARD
High performance, compact and
rugged instrument. 2U rack or %, ATR
case options.
® INTELLIGENT OFF-AIR
FREQUENCY STANDARDS
Microcomputer controlled
instruments, directly traceable to
N.P.L., precision ovened local
oscillator, comprehensive monitoring
and status information, real time
i synchronisation.
. ® LOW COST MSF
. FREQUENCY STANDARD
!&. S0 : ? e : Instant operation, directly traceable
A < " Gesy e to N.P.L,, self-contained portable unit,,
- » e no scheduled frequency changes,
24 hr transmission, real time

\ synchronisation /

b8 G

4

® Off-air frequency ® Time code generators/readers R a d 10CO d e
standards ® Record/replay systems Cl kS Lt d *
@ Intelligent time systems @ Intelligent display systems ocC
® Caesium/Rubidium based @ Precision ovened oscillators Unit 19, Parkengue,
clocks & oscillators ® Time/frequency distribution Kernick Road Industrial Estate, Penryn,
® Master/slave systems systems Falmouth, Cornwall. Tel: Falmouth (0326) 76007
k (*A Circuit Services Associate Co.) - J

CIRCLE 43 FOR FURTHER DETAILS.

Nowfrom V31 -PORTASOL
Portable Gas Soldering Iron

ORYX — market leaders in soldering irons and acces- pocket portable {173 mm) and independent of any
sories introduce the revolutionary PORTASOL. This new  external energy source. PORTASOL is powered by
approach to catalylic soldering iron technology is truly  ordinary cigarette fuel and one filling lasts for 60 minutes
continuous use.

Adjustable temperature .
Small, light and can : i YN equivalent to electric Ease of soldering for
be carried in the top Powered by ordinary Flint ignition system soldering irons 10 to engineers, hobbyists,
pocket. cigarette lighter fuel. built into the cap. 60 Watt. repair men etc.

T —r—r—r—r—r—r—r - _ =K
To: Greenwood Electronics, Portman Rd, Reading Berks RG3 INE.

* Portasol makes an ideal and

) Please send.............. (qty.) PORTASOL at £17.25.1 enclose
= Ihrﬁ[rwr?gd?arﬁasltlnat\'/ailable {5 56, ONLY I cheque/P.O./cashforf.................... or debit my Barclaycard I
anytime anywhere. I Oy .. . ACCESSNO. ..o Expirydate............
* Portasol meets all safety I I
standards. £ .25 INVAN Bl 0 v i s e st s mermatamers e s i P L] et o
* No problem with statics.
* Adjustable temperature for INCLUDING VAT, P&P I A DD RE S S .o I

sensitive components.

Please send technical leaflet. Tick T Allow 14 days for delivery. WWwW 2

ORDER WITH THIS COUPON TODAY I s o

CIRCLE 6 FOR FURTHER DETAILS.
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ALARMPHONE

@ Place telephone beneath
the arm so that it holds down
the hook switch. Then place
the receiver in the two slots
on top of the unit. Attach the
sense unit to the warning
machine.

@ Turn on power, wait for
the ready-lamp to go on, and
then dial the number. Verify
number if a display is
provided.

(®Switch from dial to run and
initiation is completed. The
machine now monitors the
pump function and whatever
other application is chosen.

@ On failure the device lifts
the arm providing the ready-
tone from the telephone. The
encoded number is now
dialled and at the end the
alarm tone is sent to inform
of the failure.

by Per
Andersen

The second part of this
article will include circuit
details, for which a separate
components list is available
in advance from the editorial
office.

40

 country,

Alarmphone

Automatic warning device uses telephone
without direct connection

Living on a farm way out in the
we are occasionally
attacked by heavy thunders-
torms, most at fall. And during
almost every storm we have a
breakdown of the electricity
mains supply. This is caused by a
huge charge of static electricity in
the air, which somehow triggers
our security relay to break the
power, and refrigerators, aguar-
ium pumps, heating units and so
on stop working. If we are at
home, we simply turn on the relay
again and that’s it, but if not the
accident becomes a lot more seri-
ous because of the damage that
could be done to food, aquaria,
and other things needing a con-
tinuous mains supply for proper
operation. In my place, our heat-
ing unit — a straw-burning type
could be very seriously
damaged if the circulating pump

fails or if the power is removed
shortly after the unit has been
loaded with a couple of straw-
bails. The water then boils in no
time, and everyone knows what
could happen to metal expased to
strong heat without the possibil-
it of being cooled.

The present machine was
designed to prevent such
damage. Not that it is able to pre-
vent the loss of power but when it
happens it lets you know about it,
giving you the chance to make the
necessary decisions.

The machine monitors the
rotation of the circulatiorn pump
by means of a sense coil mounted
close to the motor. Any stap of the
rotation is detected by appropri-
ate circuitry in the device, which
then dials a previously encoded
telephone number, e.g. the place
where you stay or at your neigh-

bours. After dialling the number
an alarm tone is sounded for some
time, after which the machine
returns to the stand-by mode. If
the ready-tone does appear
within six seconds, the machme
hangs on again. The situation
where the dialled number is busy
1s not considered in this version of
the warning machine, although it
is simple to extend the construc-
tion to be able to handle this tod.

In my country one is not
allowed to connect any device not
sold by the telephone company to
the telephone lines, so to avoid
conflict the machine had to oper-
ate in a way that did not interfere
with the law. The principle of the
idea is therefore to avoid any gal-
vanic contact with the telephone
lines. The receiver is then placed
on top of the warning machine,
underneath which is located two

ELECTRONICS & WIRELESS WORLD FEBRUARY 1985




Standby

T

Yes
Activate solenoid

Ready tone ?
Yes

Wait 2 seconds,
then set dial latch

|.____

Read out # Sense coil for the pump

from memory monitor is an old relay coil, . . )

but the nature of the pickup  This version of the warning .

will depend on the device doesn’t have a display ~ expense (though a display

application. to verify the keyed in circuit is available from the
number on account of its editorial office).

Release
not-ready timer

.f @

End of dial ?

PU 1P_MONITOR L2V

Hook switch
activator

Run

alarm message UL
|

End of i

message ?
Level converter

Coil & sense amplifier SR latch Driver

small loudspeakers one as the
transmitter and one as the
receiver. The machine is placed
beside the telephone in such a
way that permits the solenoid arm
to hold the hook switch deacti-
vated.

Upon a pump failure the sole-
noid arm lifts and activates the
hook switch. The receiver/loud-
speaker picks up the ready-tone,
which is processed in the elec- Line amplifier
tronics, providing the memory to (appr. 75dB)
support the dial logic with the
encoded telephone number. MEMORY FUNCTION
From the dial logic dual-tone mul- =
tifrequency (d.t.m.f.) signals are & Data Memary
sent to the transmitter/loud- "
speaker via the driver stage.
When the number is completed,
the alarm toneis sent to the trans-
mitter for about 1} minutes to let [ | Agdress
the person that answers the call ' B i Aer il
know that it’s from the automatic Repeat KeyBband Comparator —s——  EOD
warning machine. oscillator (end of dial }

In my case the instrument is
supported from a 24V battery,
which is recharged every time the
machine has been used, but any
kind of power-supply can be used RFD  E0D
as long as the quality is reason-
able. If a 12V battery is used the
only thing to change is the type of
solenoid.
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LINE MONITOR _
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—=dtm.f.
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Selective filter Frequency Dial latch Memory b.cd— dA.t.mAfA
{ready-tone)  to d.c.and delay 64-bit conversion

*

EOD

i i e el

Digit
controller

Display




CIRCUIT IDEAS

DON'T WASTE GOOD IDEAS
We prefer circuit ideas with
neat drawings and
widely-spaced typescripts, but
we would rather have scribbles
on “the back of an envelope”
than let good ideas be wasted.
Submissions are judged on
originality or usefulness —
not excluding imaginative
modifications to existing
circuits so these points should
be brought to the fore,
preferably in the first
sentence. Minimum payment
of £30 is made for published
circuits, normally early in the
month following publication.

Use of a uart not specifically
designed for microprocessor
interfacing allows a computer’s
Centronics printer port to be
adapted for RS232 serial data
output. With this uart, a cmos
Harris 6402, internal functions
are selected by hardware rather
than by programmable
registers. Being cmos, the uart
only requires about 1mA;
current requirement;of the
whole circuit is 17mA at 5V so
battery power may be used.
Parallel data from the
Centronics interface connects
directly to the 6402 uart
through up to 0.6m of ribbon
cable. This data is latched into
the uart by the STROBE line
and converted into serial form
for output at pin 25. Serial data
is fed to the 741 op-amp acting
as an inverting comparator to
give output levels of plus and
minus 5V. Negative supply for

the comparator is produced by a |

Printer port provides RS232 output

7660 voltage converter;
minimum RS232 levels are plus

* and minus 3V.

When output of serial data is
completed, a low-to-high
transition of the uart TRE
(transmitter-register empty)
output causes triggering of the
4047 monstable i.c. to produce
an acknowledgement pulse,
ACK, indicating to the
Centronics interface that the
uart is ready to receive more
data. An inverted TRE signal,
high when data is being
transmitted, provides the BUSY
line, and inverter gates and a
4040 counter generate the uart

Word Link 2 Link 3
length

5 made made
6 open made
7 made open

8 open open

Link 4

Stop Word

bits length

1 5,6,7,8 made
1} 5 open

2 6,7,8 open
Parity Link 1 Link 5
Inhibit —_ open
On, even open made
On,odd made

made

X 16 transmit clock. The
inverter i.c. is a t.t.]1. device to

- provide correct levels for BUSY

and ACK signals. Data rate
selection is done by making one
of the vertical row of links and
data format selection by setting
the horizontal row of links
according to the tables.

N. Burd

Department of Engineering
University of Lancaster

LS04

ilie
F

2:4576MHz

1
BUSY“_g<11

O

i 8
ACK —=

10N T 2
1
8

_1’—-*5\/
o
Y,
Centronics | STROBE 23 TEIS[“ el
interface 2%
Dy —e— TBRy

|1 | k2

VI

All
10k

~ Serialout
vV

4800
2400
1200
600
300

2
Llnk-l [ (;‘. 3 aé:: <-%1 7[10}" -L‘|0
) T o} 1cL7660 T
34GND
9600
e
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MK 14 address

8039 address

T4LS157

+5V

STB—
S(-:-lecf—1

GND—J

16

T4LS157
1C1e

+5V —g

(S W GND

14

00y

81LS95

—p— +5V

BOARD M‘—t;

NWDS 1 13 14

- TLLS157
ST

]12

EN s
(61S245)  (2114)

Z11A)
(7LLSZL5)

MKle 8039
p—-o o—Y

o0

Va

n

TN
81LS95

I} T
&

OR gates are
7461532
Buffers are
17

AB
select
{76 LS157)

20 |10 |19
+5V

GND EN
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Using the MK14

for development

This switch allows me to write
programs for an 8039
microprocessor system using
my SOC MK14 computer. It
selects 1Kbyte of static ram as
either program memory for the
8039 system or ‘page one’
memory for the MK14.

Cable to the 8039 system is
terminated by a 24-pin dil plug
which the 8039 processor sees
as a 1Kbyte rom. Three 157 i.cs
select which address bus goes
to the ram, depending on the
control-logic switch position,
and a pair of three-state buffers
select the data bus. Leds
indicate which mode is selected.

1 used a dip prototyping board
and Verowire, so that changes
could be made easily, and
powered the board from the
MK14 supply which had spare

8035/39 single
step

When testing 8035 microcompu-
ter boards, single-stepping i1s
useful for synchronizing the unit
being checked with slower auto-
matic test equipment. The test
system can then check each pro-
gram step for correct operation.
Typical 7474 D-type bistable
circuits for this purpose can oper-.
ate eratically due to delay
between the falling of the 8035
address-latch enable, ALE, and
single-step signals. Using the
74LS112 roughly halves this
delay to produce trouble-free
operation. Decoupling and p.c.b.
layout are important.
J.J. Alexander
Dundee

ALE I'\
803539 Lgr9s 197

pin N

capacity. Decoupling capacitors
should be used throughout.
S.J. Churchman

7 Signal Regiment

BFPO 15

Keyboard encoder

. In this circuit published'in
the February issue, bits 0-7
of the encoder i.c. were ]
drawn in reverse order and
segments f and g of the led
and the function switch
common line should be 5V.
Also worthy of note is that

- the 74148 and 74154 alone
encode the keyboard into
seven bits and software
could be used to provide
shift and control functions.
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CIRCUIT IDEAS

Mixer with gain
polarity control

A mixer whose overall gain can
be varied continuously between
41 and —1 is invaluable for
experimental work in
muiti-microphone stereo
recording. Use of a negative
impedance converter
constructed around a second
op-amp allows the familiar
summing amplifier to be
configured in a non-inverting
form.

John Lawson

Cheltenham

Gloucestershire

éln phase
A ok
g0 Antiphase
1k
1k
R3 Sk
100k
[ Inputs LF351 ——Q Qutput
100k +
R, /R
Gam:—z(—['- -1)
100k Ry \Ry

Adjustable
switching supply

Two separately adjustable
monostable i.cs generate
switching puises and are set for
optimum on/off times.

regulating circuit consists of
just R, ; and Tr,. Under no-load
conditions, output can be as
high as 1500V so a second

10kQ load. Above about 200V,
output varies less than 2V when
a 10kQload is removed. Output
power depends on L, which

Simple additions to a power Regulation is obtained by simply identical circuit around Tr, is should be kept as small as
switching circuit shown in switching the generator on and included to protect against this.  possible so as not to overload
Leistungstransistoren im off using the monostable i.c. A third such circuit might be the power transistor.
Schaltbetrieb (Thomson-CSF, reset input. To vary output added for remote control. H.P. Recktenwald
Munich, includes detailed hints  voltage, the reset switching My circuit is adjustable Berlin
and equations) allow output to  input is made adjustable, R;. between 31 and 800V with a
be varied between 31 to 800V.  The whole adjusting and 47kQ load or up to 560V with a
L BY255 v
+V—ey S Pt 0
: +5V In ; +9V LmH 30-800V
—=10m =330 100n <] 100n 1L
b Z x
T 1 "J 100p/ T
: 500V
< 100 (low ==
+S5V > 10W loss)
[\N\r
1
3
3 & g A—e— H’—@ BOX36
B Q 47 330n Ferrite
Y bead
74123 :H,_@_@ BUS26
A SV, 100 W7 - »
LI b . ——_——9 820k 7{'820#(
. S 2 33 2 I 3 Ry Res
SV 22n Tk SOk o v ¥ ING935 a0k SB20k
4/\/\41\ BC i R3 } Rﬁ}’
1k o 338-40 390 §|Ap |35}J ~_100k —~ 00
& *'_I
0, o .5 an
B Y, Q '\1/:/\ ¥ QX 4408
%123 BCHB -40 100
_2{a
5V
6 W
=
sk S0k RESET
4 Tr
Tr1
BC238 C BC238C
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Peak indicator

This circuit produces an output equal to
To other stages the most positive input (or most negative
} if you reverse the diodes). Visual indica-
' tion of the highest input can be obtained
Inputs ! LF347 by placing the leds in series with the
A + diodes. The idea can also be used as a
multi-channel peak-hold circuit if a capa-
- citoris placed in parallel with the resistor.
N9 . B
2 : Electronic switch
— for audio
1{N§u. Many limitations imposed by cmos bila-
teral switches in high-fidelity applications
C ¥ 5 5
can be overcome by this design. Break-
—-
>—
N9
1 Qut
i 27

through is reduced by the low
impedance drive to the switches,
and distortion is kept low by hav-
ing the switch elements within

crcuit is two, but it can be
increased by enlarging R,
Steve Hutton

Wooron Bassett

the feedback loop. Gain of this Wiltshire
LF347 04016
IAW La —p— 75V
B
C
D I
s
D

N
AV

Two-wire
extension switch

If an extra switch is required for
an existing light whose two-con-
ductor cable is difficult to replace
with a three-conductor one, this
circuit might be of use. When the
switches are open, no current
flows in the transformer and the
light remains off. When one
switch is closed, current flows
through the capacitors, is

stepped up by the transformer,
and turns on the triac to light the
lamp. When both switches are
closed, there is no net flux in the
transformer so the lamp is off.
Transformer primary current
is limited by the two capacitors,
which should both be rated for
mains use. Note that when both
switches are closed, about 4mA
flows through the lamp so care
must be taken when changing it.
S.J. Kearley
Wirral
Merseyside

|_ — _lL -

I L
1000 100n
kv TV

Measuring low resistance

Using a 199.9mV {.s. digital meter and
a simple four-terminal circuit, low
resistance can be measured accurately
in 0-2, 2-20 or 20-200Q ranges. Test
currents are 100, 10 and 1mA
respectively. At first glance these may
appear high, but worst-case dissipation
in the unknown resistor is 20mW (2Q and
100mA).

Point A is kept at a constant voltage
by the LM317 regulator i.c. therefore
constant current flows through the
resistor under test, R,; voltage across
this resistor is thus proportional to its
resistance. Three pontentiometers set
each scale using known values for R,.
A .H. Howe
Bexleyheath
Kent

30vd.c

199-9mV fs.

i h
T 1000 I » >

1

o 3‘/2dlg|t
T d.p.m.
At
)\
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CPU/RAMFLOPPY/ card —

“PROF 80”

Z80 CPU, 4 or 6 MHz; 128 KByte
RAM,; 8KByte EPROM memory
management sophlst|cated flopp
interface for up to 4 drives (SS/D
SD/DD; 3.57,5.25”, 8” m|xed)
buffered system bus (ECB standard);
expanded addressing (A16-A19); real
time clock; two V24/R5232 interface

GRAPHICS 1/0 PROCESSOR —

“GRIP 2”

Graphics resolution 768 X 280 pixels;
text format 80 X 25 or 96X33; 8
character sets; 6 attributes; subscript/
superscript; Z80A slave CPU;
powerful command set; own 30 KByte
printer spooler; sound generator,
connections for system bus (ECB
standard), V24/RS232, serial or
paraliel keyboard, graphics printer,
light pen

SINGLE BOARD
ALL PURPOSE COMPUTER —

“EPAC 80”

Z80 CPU, 2.5—6.0 MHz; 2
bidirectional ports with handshake
(Z80 PIO); 16 latches, optionally with
high current outputs (250 mA); 8
status inputs; watchdog timer; wire
wrap field for additional hardware; two
“bytewide” RAM/EPROM sockets (2-
16 KByte); system bus connector
(ECB standard)

ELECTROVALUE

Your Wg!
B SWITGHES

Out of a very wide range of types, we show
some of the more popularly demanded ones.
The full range currently stocked will be found
in our latest free A-Z price & products list.
Please mention this journal when contacting
Electrovalue.

S0

PUSH BUTTON
MINIATURE TOGGLES, 7000 Series gi:'\nglla;uar:d Double Pole Changeover
2;50V/2A 120 V/5A. Snngle doubte, gtandard
three and four pole configurations i
inc. Centre Off/On and biased. Latching and momentary
SLIDERS

Miniature & Standard. SP and DP in
1,2 or 3 positions.

Many other types such as for timing
and other special applications.

CK WAVECHANGE with adjustable
stops. 1P/12 way, 2P/6W, 3P/4W,
4P/3W, 6P/2W.

SWITCHKITS
RA Shaft Assemblies up to 6 wafers.
DP Mains switch. Screens; Spacers.

BRITAINS LEADING QlIAlITY COMPONENT

SUPPLIERS -SEND FOR FREE 40 PAGE A-Z LIST
ATTRACTIVE DISCOUNTS: FREE POSTAGE-600B SERVICE & DELIVERY
28 St. Jude's Road
ELECTROVALUE LTD JSFEEECEe
TW20 0HB
Manchester (061-432 4945). EV Computing Shop, 700
Burnage Lane, Manchester (061-431 4866).

Englefield Green
Tel: (0784) 33603. Telex: 264475. North: 680 Burnage Lane,

CIRCLE 48 FOR FURTHER DETAILS.

CMOS SINGLE BOARD
ALL PURPOSE COMPUTER —

“CEPAC 80”

NSC800 CPU (Z80 — compatible), 1-
4 MHz; 46 1/0-lines, 16 of them
optionally with high current latches
(250 mA); 5 interrupt inputs; two 16-
Bit timer; 14-Bit watchdog timer; 128
Byte RAM; two “bytewide” RAM/
EPROM sockets (2-16 KByte); system
bus connector (ECB standard)

PRICES
GRIP 2finishedcard..........ccocovevne. £282.00
GRIP 2 card, EPROM, handbook................ £77.00
PROF 80 finishedcard...................... from £313.60
PROF 80 card, EPROM, handbook ............ £56.00
EPAC 80 finishedcard........................ from £40.60
EPAC 80 card, handbook..........ccccccvvvvenii . £12.50
CEPAC 80 finishedcard...................... from £€78.00
CEPAC 80 card, handbook...........c..c.o......... £15.50

we are still tooking for whole sellers, who would be
interested in representing our firm and products in
their home country. If you are interested, please
contact us under the foliowing address:

CONITEC

J. H. Christian Lotter KG - Datensysteme
Christian Lotter KG
Box 110622, 6100 Darmstadt 11,
Tel. (06151) 26013

& MITSuBISHI

MGF-1400 GaAs FETs
MGF-1402
MGF-1412 FROM STOCK

Aspen Electronics Limited

UK representative for Mitsubishi Electric

2/3 Kildare Close, Eastcote, Ruislip
Middlesex HA4 9UR
Tel: 01-868 1188 Tlx: 8812727

CIRCLE 51 FOR FURTHER DETAILS.

RACKMOUNT CASES

19"Self Assembly Rack Mounting Case with lift off Covers. Front Pane!l 10 gauge,
Brushed Anodised Aluminium, Case 18 gauge, Plated Steel with Removeable Rear
& Side Panels. In 1U & 2U Types. a Subplate Chassis is Mounted to Bottom Cover
In3U Type the Subplate is located on two Rails Mounted Between The Side Plates.

1U (1%,) height, 230m depth
2U (3',) height, 308m depth
3V (5Y,) height, 230m depth

Width Behind Front Panel 437m (All Types).
All Prices include Postage & V.A.T. Cheques, Postal Orders Payabie to:-
J. D. R. Sheetmetal, 131 Grenfell Road, Maidenhead,

Berks. SL6 1EX. Maidenhead 29450.
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SPEEDOMETER

Microprocessor

speedometer

Home built design gives digital display of
distance and time as well as speed

The concept for this
speedometer design was
originally based on a frequency
counter using a set of discrete
counters and a display. The
sensor would have been an
infra-red link periodically
broken by a slotted disc
mounted near the centre of the
front wheel, but it was found to
be too influenced by extraneous
sunlight and dirt. It was
abandoned in favour of a Hall-
effect switch which could be
toggled by a set of magnets
mounted on the wheel. A low-
powered c-mos miCro processor
was later found to be ideally
suited to control application and
was incorporated in subsequent
versions. This gave the
advantage of having more than
one mode: three others were
added — distance, top speed
and time.

The 1802 microprocessor
made by RCA uses standard
eight-bit data bytes. The
instruction set is oriented
toward control application and
as such has four parallel input

lines to sense the state of the
outside world, and three output
lines which can be activated
when writing data. Dynamic
variables are held in sixteen 16-
bit registers labelled RO to R9,
RA to RF, one of which is
chosen as the program counter.
There is also a programmable
flip-flop, Q, which has an
output that external devices
can be strobed.

Clock rate may go up
to about 3.2MHz on the 5V
version and takes either 16 or
24 clock cycles to perform an
instruction. Power consumption
depends linearly on the clock
frequency and is =2.5mA when
running at 3.2MHz; about 1/50
of the amount used in home
computer miCroprocessors.
For further details see
‘Programming the 1802’ by
Tom Swan (Hayden).

and a 2kB read-only memory (a
2716) was all that was required.
A clock frequency of
3.2768MHz is used since
when divided by 2! in a ripple
counter a frequency of 1600Hz
1s produced, which is used to
interrupt the main program and

by Leycester
Whewell

Hardware

The design needed to be
economical on power and space

REGISTER ALLOCATION. Each of the 16 bit registers is allocated
as below. Only the upper and lower eight bits of each may be
transferred to/from the accumlator at once.

RF Distance counter arranged aé four b.c.d. numbers, 100
miles:10 miles:1 mile:1/10 mile.
RE Binary counter of wheel pulses, incrementing RF at a

predetermined value.

RD Time register as four b.c.d. numbers, hours:10min:1min:1/

10min.

RC Counter of interrupt at 1600Hz . ~. 9600 countéer 0.1 min.
RB Top speed as four b.c.d. digits, unused: 10mile/h:1mile/h:1/

10mile/h.

R9 Binary counter of interrupt since last wheel pulse was

received.

R8 Display register during output routine, otherwise a division

routine work register.
R7 Divisor
R6 Dividend
R5 Quotient

} Registers for division routine.

R4 Upper half: Accumulator storage during interrupt.
Lower half: Mode (and carry flag during interrupt)

R3 Program counter.

R2 Address of byte containing register pointers used at the end

of an interrupt.
R1 Interrupt program counter.

RO Subtraction data table pointer.

HEXADECIMAL DUMP The author is
willing to program eproms sent to him
at 93 Mawson Road, Cambridge.

0000 E2 F8 70 A2 F8 02 B2 Bl F8 21 Al F8
0010 A3 F8 00 B3 70 7B AF BF AE BE AD BD
0020 AA BA A9 B9 A8 B8 A7 B7 A6 B6 A4 B4
0030 34 CO 01 C8 84 FA 08 CA Ol OE 84 F9
0040 F6 B7 89 76 A7 FB 00 A9 B9 A5 BS5 A8
0050 F8 9C A6 87 FE A7 97 7E B7 18 33 66
0060 97 A0 96 77 33 53 97 76 B7 87 76 A7
0070 A0 96 77 3B 7F 87 A0 86 F7 A6 97 A0
0080 7E A5 95 7E B5 28 88 3A 66 85 A6 95
0090 B5 C4 C4 B7 F8 OA A7 87 FE A7 97 7E
00A0 87 A0 86 F7 97 A0 96 77 33 97 97 76
00BO A0 86 F7 97 A0 96 77 3B C3 87 A0 86
00CO0 96 77 B6 85 7E A5 95 7E B5 28 88 3A
00D0 86 AA F8 0l B8 85 A6 95 B6 30 8D FF
00E0 A0 86 FE FE FE FE F4 AA F8 02 B8 85
00F0 8D 86 BA CO 0l 00 FF FF FF FF FF FF
0100 8A A0 8B F7 9A A0 9B 77 33 OE 8A AB
0110 84 FA EF A4 FB8 OF B8 30 24 98 FF 01
0120 C4 C4 C4 C4 37 2C 84 FA DF A4 30 50
0130 50 84 F9 20 A4 FA 03 3A 3F AE BE AF
0140 02 3Aa 47 AB BB 30 50 FF 01 3A 50 AC
0150 84 FA 03 3A 5B BF A6 9F B6 30 73 FF
0160 A6 9A B6 30 73 FF 01 3A 6F 8B A6 9B
0170 A6 9D B6 96 3A 7B F8 FF B6 30 83 FA
0180 F9 FO B6 96 F6 F6 F6 F6 FC 80 5F 7A
0190 3A BE 7B 96 FA OF FC 40 5F 7A F8 1F
0lA0 7B 86 F6 F6 F6 F6 FC 20 5F 7A F8 IF
0lBO 7B 86 FA OF FC 10 5F 7A F8 1F FF 01
0lCO 00 2F FF FF FF FF FF FF 84 FA 08 32
01D0 A4 8E FC 07 AE 3B DB 9E FC 01 BE 9E
0lE0 8E FF 0B 3B OE AE F8 00 BE lF 8F FA
0lF0 OE 8F FC 06 AF FF A0 3A 0E AF 9F FC
0200 FF 0A 3A 0D 9F FC 06 BF FF A0 3A 0D
0210 FF FF FF FF FF FF FF FF FF FF FF FF
0220 70 E2 B4 84 7E A4 19 99 FF 20 3B 33
0230 00 AA BA 1C 9C FF 25 3A 65 BC FF 80
0240 1D 8D FA OF FF 0A 3A 65 8D FC 06 AD
0250 AD 9D FC 01 BD FA OF FF 06 3A 65 9D
0260 FF A0 3A 65 BD F8 70 A2 84 76 A4 94
0270 03 03 FF FF FF FF FF FF FF FF FF FF
0280 FF FF FF FF FF FF FF FF FF FF FF FF
0290 FF FF FF FF FF FF FF FF FF FF FF FF
02A0 OF B8 84 FA 10 3A BO 84 F9 10 A4 14
02B0 CO 0l 24 FF FF FF FF FF 50 72 6F 6A
02C0 20 62 79 20 20 20 4C 2E 57 68 65 77
02D0 32 32 2F 31 32 2F 38 33 20 20 20 20
02EQ FF FF FF FF FF FF FF FF FF FF FF FF
02F0 FF FF FF FF FF FF FF FF FF FF FF FF
0300 00 01 02 03 04 05 06 07 08 09 0A OB
0310 10 11 12 13 14 15 16 17 18 19 1A 1B
0320 20 21 22 23 24 25 26 27 28 29 2A 2B
0330 30 31 32 33 34 35 36 37 38 39 3A 3B
0340 40 41 42 43 44 45 46 47 48 49 4A 4B
0350 50 51 52 53 54 55 56 57 58 59 5A 5B
0360 60 61 62 63 64 65 66 67 68 69 6A 6B
0370 70 71 72 73 74 75 76 77 78 79 7A 7B
0380 80 81 82 83 84 85 86 87 88 89 BA 8B
0390 90 91 92 93 94 95 96 97 98 99 9A 9B
03A0 A0 Al A2 A3 A4 AS A6 A7 A8 A% AA AB
03B0 BO Bl B2 B3 B4 B5 B6 B7 B8 B9 BA BB
03CO0 CO Cl C2 C3 C4C5C6 C7 CBC9 CACB
03p0 DO D1 D2 D3 D4 D5 D6 D7 D8 D9 DA DB
03E0 EO El E2 E3 E4 E5 E6 E7 EB8 E9 EA EB
03F0 FO0 F1 F2 F3 F4 F5 F6 F7 F8 F9 FA FB

9D
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SPEEDOMETER

ensure accurate timing.

The display, a four-digit
3in liquid crystal, is driven by a
single-chip display drive
connected to the data bus via a
ripple interface. Together they
consume less than smA which
1s miniscule relative to a l.e.d.
display and offers far higher
contrast in daylight hours.

Mode and reset are operate
via two small push-to-make

2716

A8
A0

led
4or 3'p digit

i | - & switches connected to two of
1 _ il > T T the four parallel inputs. The
ool # s 2 Gl ] =S _ Hall-effect sensor uses a third
1 —H S 5 = e and its transistor shaped
! ™ - package is housed in a small

plastic tube, weatherproofed

o =T &
g E:/ =l g with Araldite. A small metal
plate supports the tube so that
S P % % e S the two oppositely aligned
- gl & B O 1 *5‘ magnets on the wheel pass
gl 8 ot & closely to the sensor, thus
S T = § changing its state. The wires
i /7_‘ L EE L =z N ——-[ from the sensor go to a three
& b G N S pin DIN pug which fits into a
t:’\f _ ~—{ =}~ | socket mounted in the
R : I speedometer case.
4~ A S S A I 5 5 é
% E g —f5d —""V"—1 | software
—— _
= ‘ 2 b——~—— | The main program is basically a
&5 loop which continually senses
y the input lines to see if a wheel

pulse has been received or a
mode advance or reset

requested. On receipt of a new
’)\ l—‘ wheel pulse the speed is

calculated by a constant (whose
magnitude varies linearly with
wheel diameter) being divided
by the time since the last wheel
pulse was received. This
counter is then reset and the
program searches for the top
speed before incrementing the
distance register.

By choosing suitable
constants, the speed and
distance may be produced in
any set of units by changing the
contents of a handful of bytes
within the program. This also
enables one to use different
wheel sizes.

Ordinary lapse time and
speed time counter are
incremented by the interrupt
routine- 1600Hz is required to
produce sufficient accuracy in
calculating the speed. A special
routine looks after the case
when one has stopped and
automatically sets the speed to
zero.

1| a 36
Y

e
N CJ
+5V —&
<1k
wpﬂ Vs

8, A9 & A10)
required

&
need to be latched from the

multiplexed bus. The strobe
for this is provided by the
c.p.u. but it was originally

designed for use with
ata read by

written go to

input in turn.
&

, just three out

h-order

ht hi

states and outputting
ines

information to the display.
program which, after
initialization, continuously
tests each input flag and acts

i

is spent check the time,
sampling inputs, performing
The nature of the design
means that the time input
changes far more rapidly
than any of the others. The
simplifies the rest of the

only way to avoid losing time

accordingly. None of these
the display.

Most of the useful c.p.u. time

calculations based on their
counts due to slow polling is
to use timed interrupts. This

inputs normally changes at
more than 10Hz which gives

ample time to look at each
As only two out of the 64K
bytes of available memory
the 1802 are from the eprom
and all that are

space are used

of the ei
transparent latches. No

memory decoding is
either; the only

address

1

.
se

Return from
interrupt

Reset

Set registers
Wheel pul:
received ?
If reqbesfed

advance mode
If requested
reset data

according to mode

Update display

according fo mode

OQUTINE
N

MAIN PROGRAM

Yes

INTERRUPT R
eed

time counter
Increment
ordinary time

Accuracy

Increment sp

Calculate
speed
Set top
speed
Increment
distance

An error of about %in in the
diameter of a 27in wheel may
exist due to varying ages and
hardness of the tyre and is
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much greater than the 0.02%
error generated when the
distance register is
incremented. Unadjusted
crystal oscillators generally
work within 1 part in 5000 of
their cut frequency and this will
produce an error of about 0.1
min over the ten-hour range of
the lapse time. Combined
distance and time errors are
less than the resolution of the
speed which is typically 0.1 at
20 and about half that at double
the speed. This resolution is
still much greater than given by
conventional speedometers.

Construction

The case may be of grey ABS
plastics as in the ‘prototype’, or
of sheet aluminium as in the
model illustrated and has
external dimensions of 120 by
65 by 40mm and contains
everything apart from the
sensor. All the chips apart from
the display drive are mounted
on Veroboard at the bottom of
the case. The battery is above
it, being held in four trimmed
cell compartments glued to the

To keep all the components
within a reasonably sized
box, the display and its
driver reside on a separate
board, and electrical contact
between them is through a
series of soldered 5cm ling
wires. For compactness, the
display is mounted directly
.above its driver; the height
gained as a result allows the
display to be placed close to
the transparent cover above
the slot cut in the lid.

lid of the box. Trimming is
necessary to allow enough
space for the display, mounted
as illustrated. Underneath it are
the mode and reset switch
bodies, the on/off switch and
the three-pin DIN socket. The
bracket to the bicycle has been
‘cannibalized’ from dn old lamp
support and in one version two
of the four screws that fix the
lid to the box.

Improvements

Four NiCd cells will provide
power for about seven hours, of
which two thirds is consumed
by the rom. Hence a cmos
version of the rom would
greatly assist the longevity of
the battery. An alternative
would be to provide cmos ram
(a 6116 which is 2Kbyte would
be best) and boot up a the
program from rom to ram on
power-up. This way one could
add extra modes at will for
example average speed and
actual travelling time. However,
now the speedometer is
operational, I will probably
leave it alone and spend more
time cycling.

<2mm
Support pla're\ﬂ—-l [‘
Magnet (1)

Hatl effect switch
mounted in a tube

==Wheel flange

Spindley, __( \
——N:E,: e
e ) . J
Nut/
Cone nut
| Magnet (2)

Left fork = [l

View looking down towards the ground
with one magnet opposite sensor

Perspex Lid of case

= ogu
3 e e )
[—\_-ma‘—._—__—q

= ah

'IIIIII[I_I_[I/II_M’(III-’I/III/[II!IIIII_II_A‘_’I{IA’I/A’II"IIIIII;

1
dil. sockets
Veroboard Iracks
paratlel to paper
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IF YOUR BASIC
SYSTEM IS
RUNNING OUT OF
SPEED, IT'S TIME
YOU LOOKED AT
THE PROFESSIONAL
MICROPROCESSOR
DEVELOPMENT
SYSTEM

THE FAST WAY
FORWAR

RING FOR
MORE
& DETAILS

THE OPERATING SYSTEM

FLEX — The Professional Operating System
Versatile, Flexible & Powerful, the ideal
operating system for industrial control

@ True portability between machines — FLEX format discs
can be read on the BBC
@ Givesthose on atight budget the power, sophistication and ease of
development that large companies have always enjoyed
THE TOOLS
@ PL9— Afastefficient compiler specifically designed for
control applications
® CMSFORTH Interpreter & Compiler
@ Cross Assemblers, Simulators & Debug for most 8 bit & 16 bit micro’s
® "C", BCPL,PASCAL, COBOL

THEHARDWARE

@ 4809 2nd Processor
@ EpromProgrammers
@ Choiceof industrial interfaces

THE SUPPORT

@ Toprate after sales technical support
® Systems/Hardware Design

@ Afullsetofeurocards for use in target applications

CME}

[ Cambrid
144 Hobson Street Cambric Ke
Cambndge CB1 INI,

0223-32401411

Microprocessor
Systems
.

CIRCLE 66 FOR FURTHER DETAILS.

et SRS
el ot

PN A

Designed and
PAINN manufactured in Britain

Black¥kStar

FUNGTION GENERATOR
0.1Hz-500kHz

* Sine, Square, Triangle, TTL  » Accuracy typically 1% of

output range

* Typically 0.02Hz - 700kHz * Variable DC offset

* 7 switched ranges with * External A.M. facility
coarse and fine frequency + External sweep facility
controls * Short circuit protection

* 1+ 30V output capability all outputs
JUPITER 500 (inc. P & P and VAT) £128.80

Colour leaflet with specifications and prices available from:
BLACK STAR LTD, (Dept.WW) 4 Stephenson Road, St. Ives,

Huntingdon, Cambs. PE17 4WJ, England. Tel: (0480) 62440 Telex: :32339

CIRCLE 10 FOR FURTHER DETAILS.

AFFORDABLE ACCURACY
QUALITY MULTIMETERS FROM ARMON
ANALOGUE DIGITAL

HM-10282 HC—6010 0.5% Accuracy. Standard Mode!
10ADC Range. 20K{/VDC, Buzzer, Battery Test £33.50
Scale ... . S . £13.00 HC—5010T 0.25% Accuracy. TR Test Facility

19 measuring ranges £39.50
HM-1028 All models have full functions and ranges and
& Low end voltage & current teature:
"1 Audio o/p Voltages.
20 measuring ranges.
H-101

Rugged. Pocket sized metar, for generai
4 purpose use - ... £7.50
16 measuring ranges

i Battery, Test Leads and Manua! included with
' each model.

ranges, Jack for
. -£11.00
32 digit 0.5” LED display

Low battery indication

Auto zero & Auto polarity

ABS Plastic Casing & Tilt Stand

DC AC t0amp Range

Overload Protection on all ranges.
Battery, Spare Fuse, Test Leads and Manual

~T FULL DETAILS ON APPLICATION FROM:-
ARMON ELECTRONICS LTD 0.1% accuracy
DEPT A HERON HOUSE, 109 WEMBLEY HILL ROAD, WENABLEY, MIDDLESEX HAS 8AG £39.50
TELEPHOME 01-902 4321 TELEX 023088
PLEASE ADD 15% to your order for VAT. P&P Free of charge. Payment by cheque with order push button
Offer appiicable to mainiand UK only anvt
Trade enquiries invited Please aliow 28 daye for deltvery

50

CIRCLE 29 FOR FURTHER DETAILS.

ELECTRONICS & WIRELESS WORLD FEBRUARY 1985



INDEX

Wireless World
INDEX

Volume 89, January - December 1983

The General Index has direct references to all individual articles.
Letters, News and Communications Commentary are indexed
separately. Correspondence and corrections are included in the

entries for articles to which they refer, as appropriate.

From October 1983, the words “Electronics &” appeared above
“Wireless World” on our masthead. For convenience it is
suggested that this be considered the last complete volume of
Wireless World and 1984 be the first year of Electronics &

A-to-d realises non-linear function, (Circuit
ideal), K. Neelakanten, July &62.
Accelerometer, See Low cost servo accelerometer.
Accurate motor-speed control, (Circuit ideal,
D.K. Hamilton, Feb. 70.
Acoustic testing, See Versatile toneburst gate.
Acoustic timer with bargraph display (Circuit
idea), Trevor S. Smith, Sept. 68.
Advanced architecture arrays. Robert Lipp, Feb.

Aerial inefficiency at sea, J.J. Wiseman, Aug.

29.See also Some problems of aerials at sea.

Alarm systems, See Domestic alarm system;
Low—power alarm

Alternative latches, (Circuit idea), Y. Pang, May
63.

Amplifiers, See Aspects of audio amplifier design;
Common mode rejection explained; Checking
op—amps; Current dumping review; High power
high quality amplifier using mosfets;
Instability at high frequency in feedback
amplifiers; Interface intermodulation;
Modular preamplifier; Precision preamplifier.

Analogue recording using digital techniques,

Wireless World.

Thomas Loughlin, Feb. 74.

Architecture of an electronic book, Jan. 73.

Aspects of audio amplifier design, Y. Miloslavsky,
July 5A4.

Assembly—-language programming, R.F.Coates, Mar.
33; Apr. 53; May 313 June 39; Aug. 68; Sept.
45; Nov. 31; Dec.5&. The program listings in
the September article mere illegible and were
reprinted in Oct. 71 (Continued in I1984).

Automatic ‘loudness’ compensation uses microphone,
Erik Jansson, Sept. 44.

Autoranging frequency meter, F.P. Caracausi, Mar.
3&. Correction, Aug. 67.

Baird television, See Using a micro to process
Baird tv recordings.

Bargraph displays, See Acoustic timer with
bargraph display; Peak-to~peak bar/dot
indicator; Two-signal bargraph.

Battery back up for cycle lamps, (Circuit idea),
R.C. Vincent, Feb. 71.

‘Battery chargers, See Constant current charger;

Fast NiCd charger.

Behind the Micro, HH survey of microcomputers,
Dec. &2 (continued in 1984)

Bicycle lighting, (Circuit idea), R.J. Grover,
Jan. 55.

Binaural recordings and loudspeakers, (Nov. 1982),
Correction, Jan. 36, Letters June 34; Sept.
50.

Binary—to—Ascii converter, (Circuit ideal, I.
Macalinden, Jan. Sé.

Boiler control, See Fowberry energy saver.

BOOKS, Jan. 735 July 48; Aug. 53; Oct. 44.

Cables, See Direct reading cable reflectometer.

Cascadable ore-bit arithmetic module, (Circuit
idea), R. Merson, May 65.

Capacitance-to-voltage converter, (Circuit idea),
W. B. de Ruyter, June 68.

Cmllular radio, See Planning for plenty.

Central heating control, See Fowberry energy
Ssaver.

Cheap voltage doubler, (Circuit idea), FPaul
Stephenson, Oct. 359.

Checking op—amps, B.L. Hart, July 43.




INDEX

Circuit analysis, See Microcomputer analysis of a
ladder network; Network design by calculator;
Shortcuts in circuit analysis;
Thavenin—Norton transient thsorem.

Codes and encryption, See Did Morse get it right?;
Enigma.

Colour tv, See Improving Colour television
decoding.

Combination lock, See Simpler combination lock.
Common—-mode rejection explained, B.L. Hart, Sept.
36; Nov. 42,
Common—-mode rejection,

high—c.m.r. isolator.

COMMUNICATIONS COMMENTARY and AMATEUR RADIO, Pat
Hawker, See classified section.

Community radio, See Planning for plenty.

Complementary current mirror, LM. Filanovsky,
Sept, &7.

Constant—current charger, (Circuit idea), Mike
Davies, Feb. 70.

Cooling electronic equipment, Michael Young, Apr.
42.

Counter, See State/cycle counter.

Craft and technology, (aesthetic design) K.L.

Smith, July &6. Letters Sept. Sl.

Current dumping review, Michael MclLoughlin, Sept.
39; Oct. 35. Letters Oct.77; Dec. 49.

Current loop, See Programmable current loop.

Current mirror, See Complementary current mirror.

Current sensor uses op-amps, (Circuit ideal,
F.N:H. Robinson, Nov. 59.

Cycle protector, (Circuit idea),

See also High—spewesd,

J. Ashby, Apr.

Darlington difficulty, (Circuit ideal,
Mar. &2, Letters Sept. 53.

Data acquisition on a Pet, E.D. Harvey and D.A.
Hills, Jan. &5.

Data acquisition, See also Analogue recording
using digital techniques; Microcomputer
interfacing for 12-bit data acquisition.

Data decoder for Uosat, J.R. Miller, May 28.
Correction, June 6&1.

Data error detection and correction, (Part % of
Disc drives), J. R. Watkinson, Feb. 44,

Data integrity in disc drives, (Part B of Disc
Drives), J.R. Watkinson, Jan. 7&.

Data rates, See Timing data transfer.

Decade counter, See 6&6-digit data counter.

Design for living (Announcement of the HH
competition), Leading article, Mar. 27.

Design competition, (lLeading article), July 21.

Designing with microprocessors, (Dec. 1980),
Correction in a letter by Neil Roberts, Mar.
53.

Deus ex machina, (Computers and emotions), Leading
article, Feb. 29. Letters Apr. 46 & 47.

Did Morse get it right? — Statistical background
to the code, A.S. Chester, Aug. &2.
Correction, Sept. &2.

Differential amplifiers, See Common-mode rejection
explained.

Differential direct conversion, (Sept. I982)
Correction, Feb. 54.

Digital filter design procedure, J.T.R. Sylvester
Bradley, May 763 July 42.

Digital filter design techniques, R.N.
Gorgui—-Naguib and K.M. Henein, Nov. &7.
Digital filters, See also Tracking digital filters

for servosystems.

Digital logic, See Alternative latches; Logic and
computer languages; Mixed logic.

Digital meters, See Peak—to-—peak bar/dot
indicator.

Digital polyphase sinewaves, (Nov. 1982),
Correction, Jan. 3&.

Digital ratemeter, See Rapid-update digital
ratemeter.

Digital tape clock, Per C. Andersen, Apr. S8.
Letters Aug. 49.

Digital-to—-analogue converter, See
7134,

Digital voltmeter, See Low—cost 3-digit d.v.m;
Microprocessor voltmeter.

Diodes, See Matching tuning diodes.

Dicde valve, See Is this year really the
-centenary?

Direct broadcasting by satellite, See Satellite
television systes.

Direct-reading cable reflectometer, (Circuit
idea), J. Andrew Suter, Aug. 39.

Disc Drives, J.R. Watkinson, (continued from
19827, Jan. 743 Feb. 44) Mar. 47.

Disc drives, See also Floppy disc drive tester.

Dividing by fractions, (Circuit idea’, Kamil
Kraus, Jan. 53. Cosponent details, May &5.

Doctrines of Copenhagen, (Part % of the Heretic's
Guide to Modern Physics), W.A. Scott Murray,
May 34.

Domestic alarm system, Paul E. Bruin, Mar.
28.Corrections, July 38.

Dot—matrix display, See Multicharacter dot-matrix
display.

D. Gray,

Improving the

Early link or cemented future? (Part Report on
D.B.S.), Leading article, Jan. 27.

Economical [RGB) monitor conversion, (Circuit
idea), Richard Norwood, Aug. 40.

Economical sulti-channel measurament interface,
(Circuit idea), R.J. Millburn, Nov. 39.

Edison, T.A. See Is this ysar really the
centenary?

Electronic ignition, See Letters. See also
Opto-coupled trigger for electronic ignition.

Electronic contact breaker, (Circuit ideal, M.J.
Hooper, Jan. 55.

Electronic mains switching, (Circuit ideal), M.
Selce, Apr. 52.

Electronic aids for the disabled See WW
competition; Mental handicap and electronics.

Enigma, (German WH2 cipher wachine) D.M. Rollema,
June 49,

Engineering, not politics, (Leading article’, Aug-
21.

Eprom development aid. (For use with the Nanocomp
and 1ts associated eprom programmer), G.A.C.
Bettridge, Jan. 32.

Eprom eraser, See Programmable eprom eraser.

Eprom single-chip microcomputers, M.D. Bacon, Apr.

Fast NiCd charger, Richard Lambley, Nov. 26.

Fault location, See Short-circuit locator.

Filters, See Digital filters; Low—pass filter
design, Tracking digital filters for
servosystems.

555 mark/space control, I.M. Filanovsky and V.A.
Piskarev, Sept. &48.

Fixed-to-variable mains frequency converter, See
Frequency control of turntable motors.

Fleming, J.A. See Is this year really the
centenary?

Floppy~-disc drive tester, (Circuit idea), S.J.
Evans, Mar. &1.

Forth computer, Brian Woodroffe, May 53; June 55;
July 58; Aug. 44; Sept. &4.letters July S5i;
Sept. 53; Nov. 57.

Forth language, Brian Woodroffe, Oct. 73; Nov. 65;
Dec. 53.

Fowberry energy saver, (central heating boiler
control), James A. MacHarg, Dec. 26.

Frequency control of turntable motors, Peter A.
Stockwell, July 70.

Funkausstellung, See¢ German radio show.

General-purpose microcomputer board, Michael
Shragai, Sept. 70.
German radio show, Geoffrey Shorter, Nov. 70.

Harmonic locking circuit, (Circuit idra),
Kraus, Feb. 70.

Haziness and its applications, (Part 8 of the
Heretic's guide to Modern Physics) W.A. Scott
Murray, Apr. &0.

Heartbeat measurement, See Rapid-update digital
ratemeter.

Heretic's Guide to Modern Physics, W.A. Scott
Murray, (Continued from 1982) 5.
Quantitization and quantitization, Jan, 5B8:
6. Waves of improbability, Feb. &8; 7.
Limitations of indeterminacy, Mar. 44; B.
Haziness and its applications, Apr. &0; 9.
Doctrines of Copenhagen, May 34; 10.
Judgement and prognosis, June 74. Letters
Jan. &0; Mar. 54; Apr. 45; May 59, 61; July
51, 52; Aug. 49, 50; Sept. 52, 53; Oct. 77;
Dec. 50,51.

High-impedance electronics, R.D. Purves, Mar. 3i;
Apr. 32.Corrections, July 38.

High-power, high—quality amplifier using mosfets,
Erno Borbely, Mar. &9.

High-speed, high-c.m.r. isolator,; (Circuit idea),
S.K. Biswas, Dec. 45.

Hobbyist's spectrum analyser, Roy Hartkopf, Aug.
SB.

How to make an electric charge from a travelling
wave, R.C. Jennison, Aug. 3&6. Letters Oct.
79; Nov. 55.

Kamil

IBM Selectric to TRSBO interface, Anthony T.
Scarpelli, Apr. 74; May 36.

IEEE&94, See Microcomputer bus standard.

Impossible loyalties, Leading article, May 27.
Letters Sept. 51.

Improving colour television decoding, David Read,
Dec. 74. (Continued in 1984).

Improving sterec at low frequency, Y. Hirata, Oct.
&0.

lmproving the 7132 d-to-a for audio use, (Circuit
ideal, P.J. Skirrow, Mar. &2,

In praise of software, H.D. Baeker, Apr. 73.

Instability at h.f. in feedback amplifiers, Philip
Ratcliffe, Dec. 33.

Interface intermodulation in amplifiers, Robert
Cordell, Feb. 30.

Introduction to information technology, Philip
Barker, Dec. 31.

Introduction to v.d.us, J.E. Tully, Jan. éB.

Is this year really the centenary of electronics?
(Discovery of the Edison Effect), James
Franklin, Nov. 54.

Joystick interface, (Circuit idea), D.C. Grindrod,
Mar. &3.

Judgement and Prognosis, (Part 10 of the Heretic's
Guide to Modern Physics), W.A. Scott Murray,
June 74.

Know-how, resource or property? Leading article,
Apr. 27. Letters, July 49.

Ladder networks, See Microcomputer analysis of a
ladder network.

Limitations of indeterminacy, (Part 7 of the
Heretic’s Guide to Modern Physics), W.A.

Scott Murray, Mar. 44.

LITERATURE RECEIVED, Apr. &B; May 39; July 57;
Aug. 38, 73; Oct. 48, S56; Nov. 29.

Local Radio, See Flanning for plenty.

Logarithmic dividers using equal resistors,
(Circuit idea), John D. Thompson, Oct. 58.

L ogic and computer languages, Boris Allen, Jan.
37.

Logic Maps, (Dec. 1982), Letters, Apr. 48.

Loudspeaker measurements simplified, Peter F.
Dobbins, Aug. 32.

Loudspeakers, See also Practical sub-woofer
design.

Low-battery indicator, (Circuit idea), R.D.
Homerstone, Apr. S50.

Low—cost servo accelerometer, Neil Pollock, May
&6,

Low-cost 3-digit d.v.m. (Circuit idea),
J. Herrero, Mar. 61.

Low—harmonic s.c.r. voltage controller, R.T.
Irish, Nov. S51.

Low-pass filter design, (Circuit ideal), D.
Cutler, Dec. 46.

Low-power alarm, (Circuit ideal,
Nov. &0.

Francisco

Steve Kirby,

Marine communications, See Aerial inefficiency at
s2a; Some problems of aerials at sea.

Matching tuning diodes, A. Maciejewski, Jan. 30.

Memory systems, (Continued from 1982), L. Macari,
Jan. 74.

Mental handicap and electronics, R.E. Young, Sept.
27.

Microcomputer analysis of a ladder network,
L.E.Weaver, Oct. 45.

Microcomputer bus standard - at last. [IEEE&96,
S100 busl, P.T.H. Roberts, Dec. BO.

Microcomputer interfacing for 12-bit data
acquisition, M.R. Driels, Feb. 49.

Microcomputer organ interface and music editor,
D.R. Easson, June &3, July 39. Additional
information, Aug. S52.

Microcomputer robot control, M.R. Driels, Dec. 28.

Microprocessor voltmeter has eight channels, Nigel
C. Gardner, May 48.

MIM tunnel junction measurements (Circuit idea)l,
Ijaz ur Rahman, Dec. 44.

Mixed logic, M.B. Butler, July 2B. Correction,
Aug. &7. tetters Aug. 52; Oct. BO; Nov. 5B.

Modems See 3I00baud full-duplex modem.

Modular preamplifier, (Continued from 1982),
J.L. Linsley Hood, Jan. 44; Feb. 79. Letters
Jan. &4; June 34. Letter with corrections,
June 35.

Monitor Llinterfacel for Zx81, (Circuit ideal), P.
Gascoyne, Apr. Sl.

Morse code, See Did Morse get it right?

Motor-speed control, See Accurate motor-speed
control.

Multi-character dot-matrix display, (Circust
idea), N.A.C. Simons, Oct. 57.

Multiple—line telephone indicator, (Circuit idea),
H.T.Wynne, Jan. 5é&.

Nanocomp to teletypewriter interface, P.C. Barton,
Oct. 75. Correction, Dec. 43. Letters Dec.
Si.

Nanocomp, See also Eprom development aid.

Nascom computer, See RTTY on a Nascom.

Network analysis, See Circuit analysisg
Microcomputer analysis of a ladder network.

Network design by calculator, Kamil Kraus, June

NEW PRODUCTS, Jan. 79; Feb. 82; Mar. 81; Apr. BO;
May 79; June 77; July 72; Aug. 74; Sept. 73;
Oct. Bi; Nov. 76; Dec. 83.

NEWS See classified section.

NiCd charger, See Fast NiCd charger.

Non-binary logic (Dec. 1982) Letters Mar. 54.

Non-volatile ram module, (Circuit idea), A.J.
Ewins, Aug. 41.

Notch filter, See R.f. notch filter.

Numerical crossword, N. Darwood, Aug. &2.
Solution, Sept. &2.

One-out-of-seven rom selector [for Acorn Atoml,
(Circurt idea), D.C. Grindrod, Oct. 59.
Op-amp tester gives good/bad indication, (Circuit

idea), D. Baert, Apr. 49.
Op-amps, See also Checking op-amps.
Opto-coupled trigger for electronic ignition,
(Circult idea), P.J. Dinning, Aug. 40.
Opto isolator, See High-speed, high-c.m.r.
isolator.
Organ, See Microcomputer organ interface.
Oscillator, See Predictable relay oscillator.
QOscilloscope, See Simple low-frequency
oscilloscope; Trigger—pulse generator.

PAL colour tv coding, See
television coding.

Peak~-to—-peak bar/dot indicator, A.J.Ewins, Apr.
&7.

The persuaders, [Sociclogy of New Technologyl
Leading article, Oct. 23.

Photography, See Sound triggered flash.

Picotutor - Assembly-language trainer, R.F.
Coates, Jan. 70. (Continued from I1982). See
also Assembly-language programming.

Pioneers of u.h.f. television, Andrew Emmer son,
Feb. &2,

Planning for plenty, Norman McLeod, July 24.

Improving colour



Positive feedback without hysteresis, (Circuit
idea), B. Wilson, July &4.

Power—amplifier testing, (Circuit idea), C.
Richardson, Apr. S52.

Power supply voltage regulator, See
regulator.

Practical sub—woofer design, B.J. Sokol, Dec. 41.

Preamplifier using discrete op-amps, (Circurt
idea), George C. Hill, Apr. S0.

Preamplifiers, See also Modular preamplifier,
Precision preamplifier.

Precise single pulses, (Circuit idea), D.A.
Haines, Nov. 59. Letters Dec. 49.

Precision analogue voltmeter, W.J. Hornsby, June
28. Continuation in Resistance measuring
unit (q.v.). Corrections, Aug. &7.

Precision preamplifies, Douglas Self, Oct. 31.

Predictable relay'oscillator, M. MclLoughlin, Aug.
39. Correction, Sept. &8.

Prestel, See Viewdata display module.

Problems in Special Relativity, lan McCausland,
Oct. &3.

Process control by personal computer, E. Bertran,
L. Martinez, J. Miguel and I. Munilla, Sept.
54.

Programmable current loop, (Circuit idea), G.R.
Nimmo, Dec. 45.

Programmable eprom eraser, H.S. Lynes, June 37.

Programmable panpot, (Circuit idea), John
Lawson, June &7.

Pulse generator, See

Switching

Precise single pulses.

Quadrature clock generator, (Circuit idea’, S.
Sondergaard, Apr. Sl.

Quantitization and gquantitization, (Part 5 of the
Heretic's Guide to Modern Physics), W.A.
Scott Murray, Jan. 58.

Quartz-crystal clocks, See Craft and technology.

RANDOM ECHOES by “Chirp“, Jan. B2; Apr. 82; June
80; July 74; Nov. 78.

Rapid-update digital ratemeter (for heartbeat
measurement), P.D. Coleridge Smith, Oct. 42.

Reflectometer, See Direct-reading reflectometer.

Regulator with negligible i/o voltage, (Circuit
idea), A. Kerim Fahme, Oct. 57.

R.f. notch filter with wide range, (Circuit ideal,

A. Achong, Sept. &9.

Resistance measuring unit, (optional add-on for
the Precision analogue voltmeter), W.J.
Hornsby, July 46.

Robotics, See Microcomputer robot control;
Tracking digital filters for servosystems;
Ultrasonic ranging for robots.

Roger bleep for c.b, P.J. Chalmers, Feb. &5.

Rom selector,See¢ One-out-of-seven rom selector.

RS232-to-current loop interfacing, L. Macari, Feb.
&4, Letters Apr. 45.

RTTY on a Nascom, lan Wade, Sept. 30.

Sampling synchronous demodulator, (Circuit idea),
D.J. Faulkner and P. West, Apr. 49.

Satellite tv system has digital-analogue phase
modulation, M. Tomlinson, Jan. 2B8. lLetters
May &2.

Satellites, See also Data decoder for Uosat.

Script — or ad lib? (advances In technology’,
Leading article, June 27.

Semiconductor noise analyser, lan Marshall and
John Brydon, May 42.

Servo systems, See Tracking digital filters for
servosystems.

Short—circuit locator with navigation aid,

(Circuit idea), J.E. Tully, Jan. Sé&.

Shortcuts in [circuit]l analysis, Wesley A.
Vincent, Aug. 42.

Shortwave receiver, See Single-frequency shortwave
receiver.

Simulating iron—-cored components, (Circuit ideal,
D.H.Rice, Apr. 52.

Simple clock—doubler, (Circurt idea), D.J.
Greenland, Mar. 63.

Simple low—frequncy oscilloscope, (Sept. 1982),
Component details, Jan. 3&.

Simpler combination lock, (Circuit idea), A.F.
Abbey, Sept. 69.

Simplified battery back—up for cmos rams, (Circuit
idea), V.R. Halsall, July &2.

Single board computer, See Gener al-purpose
microcomputer board.

Single—chip printer controller, S.J. Pardoe, July
Single—frequency shortwave receiver [for BBC World
Servicel, (Circuit idea), Per Hoilev, July

&4.

&-digit decade counter, (Circuit idealy
Labib, Oct.58.

16K dynamic ram [for ZIX B1), (Circuit idea), D.G.
Jones, May &64. s

16-line p.a.b.x. with options, J.H. Kuiper, Nov.
&2; Dec. 35. (Continued in. [984).

Some problems of aerials at sea, J.J. Wiseman,
Mar. 64. Letters May 61, July 49, Aug.
49.See also Aerial inefficiency at sea.

Sound generator interface for B-bit micro,
(Circuit idea’, M. James, May &4.Correction,
Aug. 41.

Sound-triggered flash, (Circuit idea), D.
DiMario, Feb. 71.

Spectrum analyser, See Hobbyist's spectrum
analyser.

Spread-spectrum communications system for civil
use, Noman Mahmood, Mar. 76.

G.A.M.

State/cycle counter for 8080 processors, (Circuit
idea), G.A.M. Labib, Nov. &60.

Static b.c.d.-to-binary converter, (Circuit
ideas), Three alternatives, N.G. de
Mattos-Shipley, C. Van Holten, A.J. Ewins,
Feb. 73.

Howard Steele, (obituary), Dec. 79.

Stepper motor drive circuits, Adrian D. Bailey,
Feb. 76. Letters May 59 July 50.

Strain—gauge weighing scale, J.L. Linsley Hood,
Oct. 26. Letters Nov. 55.

Tape recording, See Analogue recording using
digital technigues; Digital tape clock.
Technolagy assessment, (Leading article), Dec. 23.

Technology and people, (Leading article), Sept.
21. Letters Oct. 79; Dec. 49.

Telephone exchange, See 1&6-line p.a.b.x.

Teletext decoder enhancements, K. Drew, May 46.

Thevenin-Norton transient theorem, Harry E.
Stockman, July &5.

300baud full-duplex modem, Des Richards, July 33;
Aug. 46.

Three-phase sequence detector, (Circuit ideal,
A.L. Eguizabal, July &2.

Thyristor trigger, See High-speed, high c.m.r.
isolator.

Thunder storm protection, (Circuit idea), R.G.
Young, Dec. 44.

Timing data transfer, Philip Barker, June 44.

Tonebursts, See Versatile toneburst gate.

Tracking digital filters for servosystems, J.l.
Tait, Jan. S2.

Tracking satellites with a microcomputer, I. P.
Jefferson, Apr. 28.

Trigger pulse generator, (Circuit i1deal, R.
Parfitt, Feb. 72.

T.t.l.—to-c.mos converter, (Circuit idea),
Thompson, June &7.

Tuning dindes, See Matching tuning diodes.

Two-metre transceiver. (continued from [982),
T.D. Forrester, Jan. 42; Feb. 38; Mar. 39;
Apr. &9; Aug. 70.

Two-signal bargraph, (Circuit idea), R. Golding,
Aug. 41.

Typewriter-to-daisywheel interface, Neil Duffy,
Aug. 24, Sept. &3.

Paul

Ultra-high-density recording, (Supplement to Disc
drives), J.R. Watkinson, Mar. 47.

Ultrasonic ranging for robots, H.W. Gleaves, Aug.

Uosat, See Data decoder for Uosat.

Using a micro to process 30-line Baird television
recordings, D.F. McLean, Oct. &6.

Using the 48008, Andy Barth, Nov. &0.

Using the 8080 with slow memories, (Circuit idea),
G.A.M. Labib, May &3.

Versatile toneburst gate, D.S. Taylor-Lewis, Nov.
34,

Video-disc programming for interactive video,
Philip Barker, Nov. 44.

Viewdata display module, Dennis M. Pim, Apr. 38;
May 71.

Voltage controller, See Low—harmonic s.c.r.
voltage controller.

Voltage doubler, See Cheap voltage doubler.

Voltage fallowsrs, See High-impedance
electronics.

Voltmeters, See Microprocessor voltmeter,
Precision analogue voltmeter.

Waves in space, Ivor Catt, Mar. 43. (Letters Sept.
S1.

Waves of improbability. (Part & of the Heretic's
Guide to Modern Physics), W.A. Scott Murray,
Fab. 48.

Weighing scale, See Strain gauge weighing scale.

Hireless Horld Competition, In March w~ne launched
a major competition wmith the theme Dasign an
electronic device to aid the disabled. The
Judging took place in 1984. See Leading
articles, Mar. 27; July 21. Editorial
comments, Apr. 72; June 42; July &7; Dec. S53.
Letters, June 33; July S50; Sept. 50; Oct. 77;
Nav. 5&; Dec. 49.

Wireless World laboratory, (Leading article),
Nov. 23.

World timing using h.f. broadcasts, R.C.V. Macario
and GR. Munro, Oct. S54.

280-based 2514 programmer, (Circuit idea Nov.
1982), Correction, Jan. 57.

280 reset without memory loss, (Circuit idea),
G.K. Dore, Dec. 44,

780 16-bit output, (Circuit idea’), Javier Cazor,
July &3.

Zero dot for bargraph, (Circuit idea’), P.
Gascoyne, Apr. 52.

NEWS of the MONTH

Another Microdrive, [(BSR/Entrepol, Nov. 3t
Another million for Sinclair, Apr. 55.
Ariane launches new satellites, Aug. &6.

Beeb's baby brother [Acorn Electronl, Nov. 31.

Book-size computer grawth “sxponential”, Sept. 61,

Brains trust for electronic brain ressarch (Alvey
programmel, Oct. 33.

Bubbles in cassettes [computer memoriesl, Nov. 32.

Business software directory, Dec. 39.

Cable tv white paper, June 70.
Charity buys school micros, Mar. 38.
Computer data via satellite (Project Universael,

Apr. 55.
Computer display for the partially-sighted, Sept.
b2,

L.H.H. ‘Dick’ Cooper [(Obituaryl, July 3B.
Crack detection in offshore rigs (by ultrasonic
probesl], Sept. &0.

Database for telecomas, Aug. &7.

Delay for cellular radio, Jan. 33.

Digital v.co. with metal powder tapas, July 37.
Direct dial carphones, June 71.

Electronic breath analyser, Jan. 34.

Electronic sail order for slectronics, Aug. &64.
Electronic shopping must be fair, Nov. 32.

End of the Newbrain? Oct. 352.

Ethernet wins one race, Oct. 52. Letter Dec. 31
Existing teschnolagy to speed up cable tv, Junm 6&9.

Full-page cable teletext, Sept. &42.

Government money for computer ressarch, Junas 70.
Heatless laser stching, Aug. &b6.

Illegal transmission clamp—down, Jan. S5é.

Language for the new generation [Occaml], Feb. 37.

tasers and radiation safety, July 3é.

Leads for cable tv, Jan. 36.

Liquid crystals add colour to monochrome c.r.t.
Aug. &5.

Mac (Satellite tv system] overseas, Mar. 59.

Marine plotter, Nowv. 33.

Maritime radio reviewed, Fsb. 35.

Mastering metal for mothers (DMM audio discs),
Mar.&60.

Mercury gets green light from B.R. Nov. 31.

Mercury in Texas, Dec. 40.

Merriman reports (radio spectrum reviewl, Sept.
&0.

Microphone on a chip, Aug. &7.

Mobile services [WARC1, June &9.

More micros for minors, July 36.

More. money for fibre development, Mar. 58.

More US-UK cable bids, Sept. 61.

Mos power device witl: thyristor on-resistance,
July 38.

Multifunction multiplexer for light fibres, Oct.

New freguency for Sauthern Sound, Dec. 40.
New role for BTG. Dec. 39.

New 280, Oct. 41.

No delay for cellular radio, Feb. 34,

A nose for ideas (electronic nosel, Jan. 35.
No v.h.f. tv after 1984, Dec. 40.

Optical fibres sink (cable to the Isle of Wightl,
Mar. 59.
Oric springs Forth, Sept. &62.

Part rejects "elegant and ingenious" alternative
[Plymouth Polytechnic DBS systeml, Jan. 34,

Payphone for the table, Feb. 37.

Peaceful electronics front [foundation of
Electronics for Peacel, Jan. 3&.

Personal Computer World Show, Nov. 33.

Program development with Occam, Oct. Sl.

Propo;ﬂl‘ for non-ionizing radiation limits, Apr.
b.

Racal gets 25 years in cells (cellular radiol,
July 37.

Satellite dish in London docks, Dec. 40.

Satellite news, Oct. &63.

Satellite news trial, Aug. &7.

Satellite to observe Halley, Mar. 58.

Satellite tv Standards (Part reportl, Jan. 34.

Seeing the light [cable tv systems], Mar. 57.

Shy computer firm [Alpha Microl comes out of the
closet, Oct. 51.

Sinclair's pocket tv, Nov. 30.

Software piracy and copyright, Nov. 32.

Solid modelling [computer graphicsl, Feb. 3&.

Stereo-sound tv tests, June 7i.

Standardization in gate arrays, Sept. &62.

Stolen yacht caught in net [amateur maritime
networkl, Dec. 38.

Strings for cordless teiephones (radio
regulations), Feb. 37.

Subnillimetre-wave telescope, Aug. &bé.
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e—terminal superconductor. Apr. 55.

Three-to-one cable [licencel applications, Dec.
38.

Time limit to applications for mobile radio
frequencies, Feb. 3&.

Torch approved [for connection to PSN], Feb. 36.

UK robot plant [Unimation] expands, Mar. S8.
UK telecomms waves the flag at Geneva [Telecom
B83], Nov. 30.

Video' fiction [computer gamesl, Nov. 31.
A voice from above [Uosatl, Apr. S57.

Wheelchair word-processor, Oct. 30.

Zilog 32-bitter, Dec. 40.

3Mbyte micro—floppy within two years, Feb. 35.

4Mbyte micro-floppy, July 3B,

734MHz [c.b. radiol changed to meet European
plans, July 3é.

156bit recordable optical disc, Mar. S9.

mmmmcommm
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A.m. stereoc all ways, Aug. 22.

A.m. Stereo standards, Mar. 47.
Aerial puzzles, Oct. 24.

Amateur satellite [Uosatl, Feb. 43,
Antennas galorw, Aug. 22.
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SPECTRUM ANALYSER

Another 400 MHz for
the hobbhyist’s
spectrum analyser

By adding a mixer and filter, Roy Hartkopf

doubles the analyser’s range

By now, those who were inter-
ested will have completed the first
section of the project { Wireless
World, August 1983) and will
have realised its potential as a
piece of test equipment for the
experimenter. The basic u.h.f.
tuner covers 450 to 850 MHz,
varying slightly with different
makes. The oscillator and mixer
described in this article provides
coverage from 0 to 400MHz, giv-
ing, with a small gap in the mid-
dle, 0 to 850MHz.

The block diagram (Fig. 1)
shows the two additional sections
necessary. The incoming signal is
mixed with the output from a
450MHz oscillator (the frequency
is not critical) and the sum of the
two frequencies is fed into the
u.h.{. tuner. If the tuner will only
go to, say, 470MHz then the
oscillator can be set to 470MHz
and so on.

The general principle is much
the same as that of the normal
superheterodyne receiver; but
instead of a tunable oscillator and
a fixed frequency output we have
a fixed oscillator, which is much
easier to build. The difficult job of
sweeping the frequency band is
done by the u.h.f. tuner.

Those who have not already

attempted to build an oscillator

working in the u.h.1. range will be
surprised how easy it is. The
requirements are some double
sided glass-fibre circuit board,
copper wire of about 14 gauge, a
2N5245 field effect transistor,
trimmers and feedthrough capa-
citors.

Figure 2 shows a circuit dia-
gram and physical layout of the
complete unit. The dimensions
are not critical. Because the fet
requires no bias voltage between
its source and the gate therespec-
tive leads can both be soldered to
the wire which is in effect a short-
ened quarter-wave line. The elec-
trical length is controlled by the
trimmer capacitor at the end to
which the fet is soldered.

There is, however, one precau-
tion which must be observed
when working with u.h.f. Use the
best quality components you can
possibly get. At these frequencies
an inch of wire becomes a tuned
circuit, normal resistors often
look like chokes, capacitors
become inductors or worse still
the electronic equivalent of blott-
ing paper.

The capacitors used in the pro-
totype were Triko u.h.f. piston
trimmers and a Filtercon feed-
through capacitor. These compo-
nents are useable well into the

gigahertz range.

Inthe interests of stability it is a
good idea to provide the oscillator
with its own regulator (they are
cheap enough) and mount it on
the side of the box. A second
feedthrough capacitor connected
directly to the output and a capa-
citor on the input pin also will
ensure the supply is clean and
stable.

The only other component
required is a double-balanced
mixer. It is possible to build this
but the ready built miniature
modules are so much better than
anything which can be made with
discrete components that there is
no practical alternative. As with

Fig. 1. With an additional
oscillator-mixer unit, the
spectrum analyser covers 0-
850MHz with one small gap

the tuner there are severdl makes | around 400MHz.
( ™
Existing lnput
In Low  § 0-400MHz Existing
sl 0SS Mixer -
filter 14 _e’rc o
450 MHz }
oscillator
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ELECTRONICS & WIRELESS WORLD FEBRUARY 1985

wwweamericanradiohistornv.com

55



SPECTRUM ANALYSER

Fig. 4. (top) 50MHz comb
generator pattern. This tuner
had an unusual problem, a
spread caused by changing
voltage-frequency ratios at
the low as well as the high
frequency end.

Fig. 5. (lower) Same patter as
Fig. 4 with the mixer
oscillator placed a few inches
away from the tuner.

Fig. 3. (below) parts layout.

available and most of them have a
standard eight pin case.

The Cimarron CM2 type I used
has a bandwidth of 0 to 1000MHz
and over. It also has excellent
rejection of unwanted frequen-
cies and can be used as a modula-
tor, mixer, attenuator or phase
detector.

In the present case the module
is used to convert the input fre-
quency (0-400MHz) upwards.
For this reason the i.f. and r.f.
ports are reversed and the signal
is fed into the i.f. port (pins 3 and
4). The output is taken from the
r.f. port (pin 1). The local oscilla-
tor port (pin 8) is supplied from a
pick-up line (see Fig. 2). This line
is tuned by a trimmer identical to
that used in the oscillator line.

Construction

If the fibreglass board is cut by
hand it is necessary to trim the
pieces to their final size by careful
rubbing with emery paper on a
flat plate-glass sheet so that the
edges are straight and square.
Careful preparation will make it
much easier to do a neat job of
soldering the pieces together to
make the box.

Holes for the feedthrough cap-
acitors and trimmers and particu-
larly the eight holes for the mixer
module should be carefully
marked and drilled. Holes can
also be drilled for locating the
grounded ends of the two lines,
which can then be soldered to
both sides of the board.

It can reduce the possibility of
unwanted resonances if a few
Imm holes are drilled through the
board (suggested positions are
marked with an X on Fig. 2) and
short lengths of hook-up wire
pushed through and soldered to
both sides of the board.

After the holes for the mixer
module have been drilled the cop-
per should be removed from pins
1, 8, and 3 and 4. All other pins
will be soldered to the copper. On
the underside it is necessary to
countersink the holes to prevent
the pins from accidental contact
with the copper.

When the mixer module has
finally been fitted, its case can be
spot soldered in a couple of places
to the underside of the circuit
board. When all the components
have been soldered in place the
four sides should be spot soldered
to the main board, and thena con-
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tinuous solder run may be made
along the edges. It helps if all the
pieces are cleaned and sprayed
with a flux before working on
them.

A couple of holes can now be
drilled to connect lengths of coax-
ial cable to the r.f. and i.f. pins.
Again it is essential to use top
quality miniature p.t.f.e. core
cable. With the p.t.f.e. core, itis
possible to solder the outer braid
to the board without the core
melting and causing distortion or
short circuits.

The box and low-pass filter
shown in the photograph have
been soldered to a large piece of
circuit board for convenience, but
itis not essential to cover the top.
If this is done it would be neces-
sary to provide small holes to
adjust the trimmers.

Adjustments

Once the oscillator-mixer unit is.
complete, it is necessary to adjust
the frequency and the output
level. The part of the spectrum
analyser already built provides all
the test equipment necessary.

Using a 50MHz comb genera-
tor as described in the earlier arti-
cle, obtain a pattern on the oscil-
loscope similar to that shown in
Fig. 4. Apply power to the oscilla-
tor-mixer module and place it
close to the tuner. If the oscillator
trimmer is adjusted a spike
should appear — possible with
others due to overload — near the
left hand side of the screen, as
shown in Fig. 5. If the spike
caused by the oscillator is then
shifted to coincide exactly with
the first spike from the comb gen-
erator, the frequency sweep will
be the same for both ranges.

At the same time, move the
position of the fet’s source lead
along the oscillator line to obtain
maximum output as indicated by
the height of the spike. A fraction
of an inch variation can often
effect a considerable improve-
ment.

Later on, connect the oscilla-
tor-mixer unit to the tuner and
inject a signal of about 100-
200MHz into the mixer. Keeping
the level well below any overload
point, adjust the trimmer on the
end of the pick-up line for maxi-
mum output. This maximum
should be maintained over a wide
range. Set the trimmer to the cen-
tre of this range.

Those who have access to
laboratory test equipment may
prefer to use an alternative proce-
dure. The Cimarron mixer, and
most others, can be used as
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attenuators by putting a direct
current into the1.f. port. With 10-
20mA they give an attenuation of
about 3dB. With an r.f. micro-
wattmeter connected to the r.f.
port the output from the oscillator
shown can typically be adjusted
to read between 0 and —5dBm
(this includes the 3dB attenua-
tion). Though most mixers spec-
ify about plus 5-8dBm for maxi-
mum conversion efficiency this
lower input seems to give quite
good results with all mixers so far
tested.

Figures 6 and 7 show the
results obtained with the mixer-
oscillator unit connected to the
tuner when signals of 100MHz
and 400MHz respectively were
applied. The spike at the left-
hand end is the zero-frequency
beat marker.

Although the double-balanced
mixer modules appear symmetri-
cal, the local oscillator should
always be applied to the pin speci-
fied. As an experiment the
module was reversed and a
100MHz signal exactly the same
level as before was applied.
Figure 8 shows the result.
Although the 100MHz signal
appeared as before there was also
a spurious image 350MHz. When
the input frequency was changed

to 200MHz the image appeared at
250MHz and so on.

The tests were done with a
laboratory-quality signal genera-
tor and a u.h.f. digital micro-
wattmeter. The photographs
were taken with the generator set
to —30dBm and the tuner output,
using germanium rectifiers, fed to
an oscilloscope having a vertical
sensitivity of 0.2V/cm. In other
words the output from the tuner
waa a little over half a volt peak.

As a contrast Fig. 9 shows the
output from a cheap commercial
signal generator at a frequency of
about 105MHz. The second har-
monic at 315MHz is stronger than
the fundamental, but at 90MHz
this harmonic has disappeared.
Without the spectrum analyser it
would be almost impossible to
discover the limitations of such
equipment.

To avoid the possibility of
breakthrough or intermodulation
from signals above 400MHz, it is
worth while putting a low pass fil-
ter in front of the oscillator-mixer
unit. Figure 3 and the photo-
graphs show a simple layout. The
trimmers are 0-15pF and each
inductor consists of about 25mm
of p.t.f.e. miniature cable, the
outer braid soldered to the circuit
board.

Adjust the filter by putting it in
series with the comb generator
and tuner, then try to reduce
spikes in the 450-850MHz range
as much as possible. Next put it in
front of the oscillator mixer unit
and make sureit is not also reduc-
ing the spikes in the top end of the
0-400MHz band. Keep on adjust-
ing and altering the filter until it
passes all frequencies up to
400MHz and attenuates anything
over that frequency.

%

0) 2

——]

 —

)
__—1%—__1
BN ESH e—

23 ]

SCALE - FULL SIZE

3y —

All_dimenstons gre in_inches

Fig 6. (top left) A signal at
100MHz into the completed
mixer-oscillator unit (see
text).

Fig 7. (top nght) Same as Fig.
6 but at 400MHz.

Fig. 8. (lower left) Same as
Fig.6 but with mixer module
inputs reversed.

Fig. 9. (lower right) Low-price
signal generator at 115MHz.
Note the harmonic at 315
MHz which disappears when
the frequency is changed (see
text).

Fig. 2. Circuit diagram of the
u.h.f. oscillator and filter. Pin
numbering of the mixer
module may vary with
different makes.
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FLOPPY DISCS

Floppy discs

David March continues his survey of disc
storage in microcomputers and looks at some

practical disc operating systems

Table 1 shows the track struc-
ture of several different filing sys-
tems. Each column begins with
padding bytes or index hole loca-
tion. The padding bytes are FF in
single density and 4E in double

density. The numbers of padding .

bytes shown in some cases are
uncertain because of limitations
of my analysis technique.

Each sector is then defined.
There are 10 sectors per track
except with Philips and with
Tandy’s TRS-80 DD which have
18 sectors per track.

The remaining padding bytes
are shown and finally the total
number of bytes found on the
track. Theoretically the total
should be 3125 and 6250 for
single density and double density
respectively. The vanations
result from departures fromthe
nominal 300 rev/min disc speed
in the originating and analysing
disc drives.

As sectors are being read or
written, the disc rotates continu-
ously and data bytes must be
accepted (or made available) by
the microcomputer at the rate
determined by the combination of
disc drives and f.d.c. Generally
the time interval between adja-
cent sectors is inadequate for the
microcomputer to process or pre-
pare the next sector of informa-
tion.

It follows that if the microcom-
puter is not ready when the start
of a particular sector passes the
read/write head, then a full revo-
lution time must elapse before
reading or writing can continue.
With a 300 rev/min speed of the

Physical
position 0123456789
Logical sector

number 0516273849

Here the microcomputer has
one sector time (0.02 seconds)
for processing/preparing each
sector before the next is required.

If all sectors are to be accessed
sequentially starting at sector 0,
only two disc revolutions will be
required (sectors 0-4 during the
first revolution and sectors 5-9
during the second). This com-
pares with the ten revolutions
needed without interlacing.
Although sector 9 is physically
adjacent to sector 0 this is usually
irrelevant as after sector 9 the file
will probably continue on another
track. The head movement time
will then outweigh the processing
time.

Sector interlacing can be
achieved two ways. When the
sectors are being laid out on the
disc during formatting, the
appropriate logical numbering
can be applied. This has the
advantage that subsequent file
handling operations are not con-
cemed with the interlacing.
Alternatively the filing system
may carry out a translation as
each sector read/write is under-
taken.

Disc filing systems

The function of a disc filing sys-
tem is to protect the user from the
intricacies of directly addressing
the f.d.c. and to extend the

Individual filing systems wall
impose ultimate size limits but
these are quite large: at best one
file may occupy the whole disc.

The user generally needs to
access information sequentially
but may also wish to dip into a file
at arbitary positions to read and
possibly update the information.
Most filing systems support this
random access facility in vary-
ing degrees.

The filing system deals with the
task of allocating physical space
on the disc by establishing and
maintaining tables of information
defining the names of files, their
sizes and where on the disc they
are stored. These tables, known
variously as the directory or cat-
alogue, are specific to each disc
filing system and frequently con-
tain much more information
about the files: for instance crea-
tion date, file types, load ad-
dress, access restrictions etc.

Since the actual storage posi-
tion of files on the disc is