


Man-made music

at it’s very finest

T20 + 20 — Designed by Texas Engineers, this 20
watt amplifier gives Hi Fi performance at low cost.
Many up-dated features and the ideal beginners kit.
Complete kit £29.50 plus VAT

(30 watt version — Complete kit £34.50 plus VAT)

LINSLEY HOOD 75 DE LUXE — 75watt amplifier
with superb performance (less than .01%
distortion). Easy construction with virtually no
wiring. Complete kit £75.00 plus VAT.

TRANSCENDENT SOUNDS by POWERTRAN

For over 2000 years man has entertained himself and his friends
with music played upon instruments he has fashioned with his
own hands. From the earliest pipes of hollow reed in the cradles
of civilisation, the brazen trumpets of ancient Rome, to the subtle
strings of renaissance Europe. Pleasure in the making ~ Pleasure
in the playing and Pleasure in the listening.

Now - in the 1980's its the turn of the electronics age, the age of
Powertran.

In our twelve years of research and development we have
introduced probably the most comprehensive and sophisticated
range of synthesisers and supporting equipment ever offered to
the music making, home-constructor.

Each kit is a perfect example of how craftsman-made
components, ingenious design technology, originality of concept
- and rigid quality and price control — combine together in kits
that are both fascinating and satisfying to construct. Our clear
step by step instruction manuals ensure that the kits are well
within the capability of the first time builder as well as the
dedicated enthusiast.

Once you've made your Transcendent Synthesiser you will be
able to make the music of all the ages — from the earliest sounds
of the simple pipe, through the most complex harmonies, to the
most modern tonalities of Stockhausen . .. or Steel Eye Span!

TRANSCENDENT POLYSYNTH — A four octave polyphonic synthesiser with
outstanding design characteristics and versatility and performance to
match.
Compilete kit £275.00 plus VAT (single voice)
Extra voice (up to three more) £42.00 plus VAT

EXPANDER — A new matching 4 voice expander to team up with your
polysynth for even a greater range and capability.
Complete kit £249.00 plus VAT

TRANSCENDENT DPX — Offers a five octave keyboard with power to match.
Two audio outputs {can be used simultaneously) to give harpsichord and
piano/honkytonk or reed with strings/brass and both are fully polyphonic.
Other features include switchable touch sensitivity and a chorus ensemble
unit with strong/mild effect switching. An advanced design made simple
with our clearly laid out instruction manual.

Complete kit £295.00 plus VAT

TRANSCENDENT 2000 — Although only a 3 octave keyboard the ‘2000’
features the same design ingenuity, careful engineering and quality
components of its larger brethren. The kit is well within the scope of the first
time builder — buy it, built it — play it! You will know you have made the
right choice.

Compilete kit £165.00 plus VAT

1024 COMPOSER — Come right up to the minute with this new design. it will
control your synthesiser with a sequence of up to 1024 notes — or an equal
selection of shorter sequences. The Composer is mains powered with
automatically charged battery to preserve your programme after switch-off.
Complete kit £85.00 plus VAT

DEMONSTRATION TAPE — Demonstration tape now available of all three
£2.00

kits (30 minutes) .

PRICE

e o e °
PORTWAY INDUSTRIAL ESTATE
ANDOVER. HANTS. SP10 3WN. °

TELEPHONE
(0264) 64455

price changes we will honour all prices in this advertisement until
the end of the month following the month of publication of this
issue (Errors and VAT rate changes excluded

EXPORT ORDERS: No VAT. Postage charged at actual cost
plus £1 handling and documentation.

@® UK. ORDERS: Subject to 15% surcharge for VAT, or

at current rate if changed. No charge is made for

carriage. Cheques, Access, Barclaycard accepted.

SECURICOR DELIVERY: For this optional

service (U.K. mainland only) add £2.50 (VAT

ig\clusive) per kit FREE ON ORDERS OVER
100.

SALES COUNTER: If you prefer to
collect kit from the factory, call at
Sales Counter. Open 9a.m, —
12 noon, 1-4.30p.m.
Monday — Friday.

STABILITY: Order with confidence irrespective of any
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ICM72168 1950 |MLo24 27 1074CN 100 |6805 520/ [MMs260D" e =2 | 74128 38/1s02 19 LSior 36 400 24| 4409 750 | 40110 300
eMI216C 1350 [Msmss26 820 TioRice 26 |a808 e[ 0 174132 281503 1 Ls193 37| 4009 24 oo gl SRk e
ICM7217A 790 €515 275 TL ép 45 | 6809 115 | MM5307 TTL 740 6 28 LS04 12 9a 33| 4010 1 690 | 4016
51.TL082 6810 5387A 475 11 {7413 05 13| LS1 4011 10 | aay 40174 45
NE529 e S| A s B 74121 55 | LS Teflicuonisasioly e 12 7180 s s
ICM7240 NES531 140 TLO8ACP 90 |6820 220 | MM5817 200|| 7401 7 74142 175 | LSO8 2|1s196 45| a0 20 | 4415 aso | 4 a3 as
IeM7sEe (B0 |NE2R3 228 1091CP 56 |68821 Doy o ol A s g 22 46 | 4419 280 40193 95
ICM7556 150 NED43 210| T 50 |6821 395 | RO-3-2613U 203 12 2210|1510 1 1 554013 2 770 | 4019
TL170 6840 4E 800|740 3 | 7414 11 13 |1s22 4015 40 | 442 40195 80
La33s0 250 |NEDR ie| Unozeo 120 g 1) SEosmeaER sagl s 33 174146 50|15 12 15240 85 20 | 4433 770 | 40195 30
tAd3IP 382 [Nesseps  as A78540 230 {684 e Mzt sty 12 74147 75 | LS12 San SR e L 20 | 14433 720 45 195
295 0 325|U 170 |6845 6011 36 15 1513 20| v 4017 9 | 202
170 850 ) TMS 7405 4148 60 242 55 a8 | 3440 99 240
i M, WML IRIES mslisis g Blok bleh 8 R glin 2 B8R me
t67130 NEoos 420 Utna00s  °3s |anes 29 | TM9et0 SR 9 M alsn 3 18248 30| a0z20 42| as
Le7437 3% |Nesesa 138 iNz004 100 |S532 2991Ubb7002  430] 7408 14 (74182 861521 12
LF34 NEB66 2283 £59 UP! 7410
140 | ULN 000 PU 2.5 299
[E383 % [Neszs 40| Up Ciossn 375 (acey St |shoc
LF355 85 [NEazs  4d0|uecio
LF356 £

4 0| up PUA 4 4 2 2|1s247 50| & 95
350 | 45106 S!
H 021 40 | 4490
1218247 5
74165 40 | 522
260 § Z80ACPUAM 350§ 7411 16
330 !B080A
150 | uPC1182
0 [NESS3
LF35 1
LI —— ——
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; OPTO ELECTRONICS| 0.5* LIQUID SPECIAL BFFEE DIL ULTIMUM
B0E0 W, 2m: 2 25 2 &, [LEDS including Clips 1+ 25+ SOCKETS low  Wire
8

o1 03:\1_ 2':0n s 3mm 0 . ggp 3:7“5;P - profie wrap WATFORD'S most versatile MICiRO
03w, 25" 4 or | TIL211 Green3mm i 350p p pin P P EXPANSION SYSTEM. Interfaces with:
800 8 | TiL212Vellow 215p 199p | & 10¢ 2% | APPLE, ATOM, DRAGON, PET,

TIL220 2" Red
g}lﬂ’g‘s 15 | BRIOGE Q 2 Yel.Grn. Amber apx25 15| 2732 350p 330p 18 pin ;:9 :gl’ RESEARCH MACHINE, SPECTRUM,
AA129 20 "ch"""‘s ';;‘;:g::f‘;_'ﬁ%‘;g“ 29 8PW21 295( 4116 75p 70p gg:}g Zer Sob | SUPERBOARD, VIDEO GENIE, 2X81,
FAEE (D pasticcasel | Rectangl Stackable s at| 4816-100ns  225p 205p | 24pn 255 7J0p | etc. As published in P.E. starting from
gaxi zoflAstoov 20|iEDS o 18 iwa7sa  1es| 6116-150ns  390p 360p 28pn 28 80p | Nov. 1982.
8Y100 24 [ TA400v 25 | o 00F S i DRea 55 Tl 784 6520/21 115p 105p |. i (R0 Send SAE for details.
S¥}§$ :i 2A/50V 30 gfﬂs'w'ouﬂios s OCP71 @0 6522 300p 280p ﬂ,rwzusocxn" =
CRO33 250 (24200 40 GrceaRy crow 8 OHRIZN P 5820/5821M d1A15 B 105p | ey 875p | IDC CONNECTORS (Speedblock type)
OA9 40 0 2" Tri colour LEDs BBC.Micro Mo to | 28 way 850p PC8 PLUG  female PCB Plugs
2A/600V 65 2N5777 45 ‘ i
Ohr0  1a|Eaooy 83 |0tQuien, 85 anss | 43| Expansion Kit 48— — S gt Socker  Muie s
OBt ho|easoov 128 |[B271 IntaRediemiu 26 ORTO SWITCH F'epSON PRINTERS [ DILPLUGS (Hoaders) | PUS PES L ese | Seae el
8AS5  '3|iovecovaes [giHz0Stdeccon 118 LSS (170 {@ MIXBOT 10° Tractor Feed, T" %5 &, | Zxewsy 130e tsopince | 200 280
0491 8 |320/200V230 [rii38 ‘48;  TILB1 82 joRs 186 9x9 matrix, 80 column, 80 16 320 1000 | X iSwer 1735 2000|1500 | 955 1100
9435 8l8v1es 86 [TL100 90 CPS, Bi-directional, Centro-| 3o 195p 2185 | 2x17way 205p 236p|169p | 110p 135p
OA20! 8lumis  so ALUM.BOXES Ay ofa Baud Rat 2x20way 220p 250p|180p | 125p 1850p
oA B Oisplays 3x2x1" 65 "'10 gggo ce. Bau £237; RIEEONIGARLE 2x25way 2350 270p1200p | 450p 175p
5 T Can 115) 4x2}%2" 85 110- : rice per foot)
INaoo12 8| ZENERS riZos s G 115/ 4x2§x2}" 103 @ MXBOFT/3 Tractor & Friction | Wavs e e o
1N4003 6 |Renge 2V7 10101704 -3" C.Cth 99| 4xdx2}" 120 3 " o 12p 22p | CONNECTORS SOCKETS  PLUGS
1N3004/5 6 | 39V :go.n.wcvx DsL'787 -3-(‘::_xod Blsaan2’ 108 feed. Has hi-resolution, bit| 16 ;gp 30p %m Angle Strt. :_,; I
. range a i 3 3 40 3
IN00ST 7 | Rangs 3V3 10 |FNDBSTS, 500 120] Sx2§x13" 90 image graphics, Subscript & | 20 SEo 1 (Ean, | INALSIZE o 235: Ty T A
IN5401 1533V 1 3W .37 Green CA. 140| 5x23x24~ 130 Superscript, italics & under-| 34 a8p 600 | DIN41612 2-3x32 way300p 340p 240p 300p
IN3404 16 15p each 31‘3 R:t‘ig'G'B;"d ;;g g":";{ 1;3 lining facility plus all the 40 ;g: ]9 | DIN416123x3Zway 360p 385p 260p 400p
1N5406 17 argrap| seg. Re x4x2;" P
1N5408 19 argraph NSM3914  500{ gxax2" 120 MXBOFT features. £3221 o, -
1544 9 | VARICAPS 6x4x3" 150 |@ NEC PC-8023BE-C,|'D' CONNECTORS: TRANSFORMERS (mains Prim, 220-240V) I
SAI00v 40| ba10s. 'S8 [[LRRICCHLORIOE  ;7.5.3- 180 | 100CPS bi-directional, logic | Miniature 303V, BOEY. 100mA: OOV T5ma:
BA/400V 50 |nB1oo8  ag |!!bbagAnhydrous 8x6x3" 210 King. 80 -column. 7x9 |e; s 25 3y |120-12V75mA;15-0-15V 75ma
6A/800V 65 | BB 106 40 |195p + 50pp&p 10x4; = 3" 240 SESRINI EOAN: U7X, [P 3." vav way way gxﬁ;v_.zza\/-s B A 2“2\/0”
Noiss Diode s 275 Dot matrix, super/subscript, PLUGS T3VA: 2AV5-1.3A; 246V-1-2A; 2512V~ B
250 195 :P)Al.os:'rcua:mstso 1§.gxg~ ;gg underlining, true decenders lgoider  80p 110p 160p z.g ;,21\/51 4v — 9V12Agt\-’fp&p’
4 1 " icti i- A 150p 210p 250p 38 6V-1. V- -
Toprist IAftoov 48 s i | Bl '!B'ra;tor/:ncuorr:_, H'| ges. iran Sudh 1700 1505 220p 3%0p) 12VA1A" 12V-1A° T5-BA 16.-8A: 20V-6A
{+]
Q841001 32 [IN400V 56 | COPPERCLADBOAROS o s pacczggs, S 3050 160p 2000 3380| BOVAL 2x6V-4A: zxyvzsafopz(f? 1274
5A/300vV 381 3A/800V 85| Fibre  Single-  Double- SREPE etc. Angle  165p ZISp 290p 340p| 2x15V-1-5A; 2%20V-1-2A; 2x25V-2A:
5A/400V 40 | 8A/100V 60 | Glass  sided sided 95 -8955 X 3 Swait  175p 300p .209 2x30V-0-8A 465p (60p p&pf
SA300v 83 |5AB00V 135 | 6x12 158 199 " [EREE Buy with {ZoVens Top s Side Enuev J00Va: 2012088 2x18V SR, 20307
i i Skl 90p 100p 110p x X40V- X50V-
98! 124/100V 78 Soldering 3 920p (60p php)
12A/100V 78 | 124/400V 82 |ygr0BOARDS 0-17| V' Bosrd 180 |lrons Access 10C 25wav Plg 385p, Skt 450p] v (60p p&ip
13N a00v188 | 1en00v 183 Szsd (R DIE(Boa 374 lersw 450 Amphe- | gpge SONNECTORS | JUMPER LEADS Ribbon Cable Assembly
87106 160 | 16a/400v105 |2§%3F 80p  —[VeraStip 134 1&x 7w 475 go! Two rows DIL Plug (Headers)
BT116 180 | 16A/BOOV220 |2}x5" - 91  — joar CON15W 490 e R 156 | Single EndedLead.24%long ) '
qob mlEmaihy 2 o e e % Sustphone (B | Bitm= w | BRI e g g
00V295 x5 _ e x15 way — S ] P
LTI 1 vkt Sl S b 3600 z:z: e ob ::""b::' z:: vour':)rder gg'rwav a2 }33’ Oé’“b"’s"gﬁ%feadszos 300p  465p
TIC47 35 480 |43 % 18" 470 lomen A x22 way P p 2 P P
INo0s2 32 | 30Ma00v 523 quxonoo s 50 Eurobreadboard 230 ) iron stands 168 through, we S:r",‘,‘,’;‘,'cs 2x23 way 210p — 12: 198p  215p 315p  490p 1
2N5064 38 | 728000 120 |kt O e PonfERidbreadp 4 2x25 way 226p 220p | 24  210p  235p  345p  540p
2N4444 130 o Too! 17801 Suporstrp 552 €13 |HeatShunt _ 30] dotherest. |580p 2%28 way 210p — 36"  230p 250p 375p  595p
SOLDERCON HF 2x30 way 245p —
PINS VERO WIRING PEN and Spool 350p M%sott?&l{'ons ULTRASONIC ‘::,';h“ 2x36 way 2965p — 10 HEADER SOCKET Jumper Leads 24"
DIAC 100 ;gv Spare Wire {Spool) 75p; Combs?ea SMHz 5 “TRANSDUCERS |03~ g::gagz g;g: o %go.n gg%m gaszm ;gg.:
2 i — n P
Te S SRR Son | B | ks Jiow | DU |die e e e X%
COMPUTER CORNER VOLTAGEREGULATORS | SRtETaLs i ZX81 16K RAM PACK ‘
Ao Tookur ™ 335 |Watford's 16K RAM pack for ZX81. Fully built
® EPSON MX Series Printers. Full range avallable. W 7808 148p 7905 2209 200KHz2 268 n
; 12V 7812 145p 7912 220 and tested. Plugs straight on to your ZX81.
See box above for.details. 15y 7815 1480 71918 2205 ﬁﬂs}rm g;g 5 (5 )
® SEIKOSHA GP100A — Unihammer Printer,| 18 7818 1s0p = =" "= ,.og’m i | Only £17.35 (50p p&p
normal & double width characters, dot resolution| o, 5505 a0 1-28MHz i !
D H p 7905 4sp 3
graphics 10" Tractor feed, parallel interface 2y ;g}g e wisla) Mep }gm,’:; ;:‘5’ BBC MICRO UPGRADE KITS
5, . B .
standard. FREE 500 Sheets £185( 1V 7815 0p 7915 ase |1:8WHz 398 lypgrade your BBC Micro with our upgrade kit and
® EPSON HX20 Microcomputer. Portable, Full| 24V 7824  40g 2.0MHz 225 | save yourself £ s ss. . .
i Keyboard, LCD Virtual S 5x7 Dot 100mA T092 PIasthaslng 2.4576M 200
HHI | DOEEIG), ual Screen, 9x/ O] 5V 7805 30p 7905 60p |3smH; 226 |@ 16K MEMORY (8x4816-100ns) BBC1 £18.00]
Matrix Printer incorporated £399| 6v 78162 309 — 3.2768M 1850 "

i = g\\// 7Bl$2 e 3.57954M 98'| @ Printer User I/O Port BBC2 £8.20
® SOFTY-2. The complete Microprocessor 12v ;gt‘g ggn 79112 60 1 36864M 300 ® SK10 with 36" Cabl £2.00
development system. New powerful instructions. P A :-83214“5" 180 ] able a .

Accepts any 24 pin 5V single rail EPROM.| LM300M 129 LM30SH 130 | 219a30am 200 | @ Complete Printer Cable 36 £13.00
iSuppshed fullty; b:ult & tes':‘eccjj Price mclu&(‘ies gangE- ;gnog 5\2/63/; 5:0 ngnx 320 :gggs‘l’?M' ;38 ® SK9 with 36” Cable £3.00
n PSU, Watford's extended warranty & a 12 12V/5A 580 (M317P 99 z . .
8HG +5 to LM323K 500 | 4-80MHz @ Disc Interface Kit BBC3 £41.00
2732. £169| 78102 e s.oMUz. 180 :
FOHG 225vi0 o tMaast 1% [siissmkz 300 |@ Analogue IO Kit BBCA £6.75
WEMON. Watford's 4K Ultimate Monitor IC for| 7316 BA 685 Shacsss oo |5-24288M 390 ; A
Superboard & UK101. £10].~ i Jeou: 180 ® Serial /O Kit BBCS £7.50
6.144MHz 180 ; ;
® VIDEO MONITOR 9" fully cased. B&W. Fully SWITCHES 6.6eaomaz 300 |@ Expansion Bus Kit:BBC6 £6.50
guaranteed. 15MH2 bandwldth value for| Sroe2>®Y .. Egg‘gts » % ;'%ﬂs"nﬁuz }& ® SK11 with Cable 36" £3.00
13 i a
money. ) £6.9 TR ee AR DBDIC o e T-gamHz 200 |@ SK12 with Cable 36" . £3.75
® TEX EPROM ERASER. Erases up to 32 ICs in| 4 pole clover 240 8.08333m 395 |® Complete Upgrade Kit from Model Ato B £45
i) MRaCel . £33] PusH BUTTON | SUB-MIN $:8572m 175 |@ Complete range of Cables & Connectors for
lalal ad 8 N
® TEX EPROM ERASER with the Solid- State 30 e SP changeover 60 | 9:376MHz2 350 BBC Micro ilable. (P.S. W fit ther f
! icro available. (P.S. We can fit them for
minute Electronic Timer. Momentary 6A SPST on off 54 | 10.-0MHz 175 .
“UV lamp bulb :9 Siolcover (33| SpOTeon (85 |1o5mi  250| you). Send SAE for list.
® Spare amp bulbs lover iase - 7MHz
. DPDT 6tags 75 | 10-24MHz 200 3
® 5V/5A PSU Ready built and tested £25(winATURE | proTCioFe 38 | 12.0MHz 175 FLOPPY DISC DRIVES
on Lockiny on/on/on
Push 1o make  15p | | 13.31818M 170 .
© DRV TR BN S a0 Ut vOVIA + TG P B Soley 188 | 1538l 122 @ TEAC Single FD-50A uncased £135
OMHz s ]
® Attractive Belge/Brown ABS CASE for ROCKER: 54,250V, SPST 20 |16omue 200 (@ TEAC Single FD-50A cased with PSU f‘gg
ROCKER: 10, p [ 18:0MHz 160 i - i
Superboard/UK101 or Home Brew £29 ROCKEOH th neon lights red when %n 18-43§M 150 : ::‘_Eﬁg T;'n ::D Eg%gaEseg(;w:h :ksuca edt\ls\llth
10A 250V, DPST 19-968MHz 150 ingle - ra S
® Full ASC11 coded keyboard type ‘756"  £39 Rocien: whire) 104250V DPOT 725 | 20.0MHr 200 PSU 9 £238
® 4x'4 matrix keypad (reed switch assembly)£4 | SOTARY; Make you own Muiiway | 24-OMMz . 120 .
® C12 COMPUTER Grade Cassettes in Library | &91¢3 u0 10 6 wafers. s0p |2660m ° 350 | @ SIEMENS FDD 100-5 Cased, Head, Motors,
Break before make Wafers. Sitver contacts. | 26-670MHz 328 i i
Cases Q0P | 1 50ie12 way: 2 oter6 way: 3 ote’ | 27.126MH. 298 t@ck zero micro switch & motor cont'rol PCB
@ STACK-PACK. Unique 10 section stackable | maarofsrewenabe =2 ™ 420 F27 1aoM e 339 with read, write &. control electronics plus
3 ; :
Drawers rack including 10 x C12 Computer grade Screen & Spacers oo | 38-66667M 17 cable £215
Cassettes. 50p | Aoy Wyiumtanle Stop Tvpe) o | 85:5MHz 400 | @ Apple Il Interface Card for above. £35
® 8" Fan fold paper (1000 sheets) {no VAT) £7 2104 way. 4 poie 163 way asp | 100-0MP:  37° | ® 10 Floppy Diskettes 51" S.D. £19
E .4 5 a
® 91" Fan fold paper (1000 sheets) (no VATI£? ‘:‘.’:“S';""T""‘;"’::s?‘s’:sﬁ) ;‘”“;v s:: 1458MHz 225 | @ 1Q Floppy Diskettes 51” D.D. £26
H W H
® Teleprinter Roll {no VAT) £3.50 |(6 way 80p; 8 way 87p; 10 way 135p;
s § {SPDTI] 4 way 190p.
(P&P on some of the above items is extra) 'THUMBWHEEL Mini front mountin, WAFORD ELE : I RONI :
Call in at our shop for demonstration of any of the ‘gecc%"smgﬁhmhggﬂf;' z;g:
above items. Be satisfied before you buy. Mounting Cheeks {pair) 750
Pﬂ%Xr&IWSwl(&ahwilhmagnel 128p Tel' (0923) 40588 Tele" 8956095
: — —




Shortwave
Listener's
Receiver

With Heathkit, you're all set for a
great deal. And not just big savings.

Whichever kit you choose, you'll find it easy to build.
Simple, but detailed instructions take you through every
stage. Everything isincluded. Even the solder you need
Digital Clock is there.

Follow the steps and
you'll end up with a hand-
crafted, well-designed
piece of equip-
ment. One
you'll be proud
of. Because you built it yourself.

There are 10 great kits to start you off. An
interesting choice of kits from a digital clock to a ‘
metal locator, including a short wave listen- y-
er’s receiver, windspeed and direction .}‘
indicator, digital readout electronic
scale and five more useful kits.

All at 30% off to first-timers.
Send for your catalogue right now
for a start.

Windspeed and Direction
Indicator

To Heath Electronics
(UK) Limited, Dept ( PE11 ),
Bristol Road, Gloucester GL2 6EE

fmi - D $FEDEEEE SRR SN  ERENRNY S sy
To start me off, please send me
a copy of the new Heathkit catalogue. %
I enclose 28p in stamps. PEl1 T
=) e
Name &=
Address =

"z~ You build on our experience

HEATHRIT

4

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 field and,
thanksto LL.P., PRICE. -

Qur large standard range is complemented by our SPECIL.
DESIGN section which can offer a prototype service within

7 DAYS together with a short lead time on quantity orders which
can be programmed to your requirements with no price penalty.

vir 294 TYPLS T0 CHOOSE FROM!

TYPe SERIES{SECONOARY| AMS PRICE
No volts  [Cuream
Nkl 5 o v ORDERS DESPATCHED WITHIN 1
»
70%30mm [ 1011] 949 66 £5 1 2 DAYS OF RECEIPT FOR SINCLE OR
045Kg | 1:012] 12412 -25 3 SMALL QUANTITY ORDERS
Regulation | 1201 15+15 00 LN )
|| aens | 083 | wicom Y § YEAR NO QUIBBLE CUARANTEE
X .
12016 2525 TGYAL L? 08
12017 30+30 ~
AT e O TP PNe | vons Jeowem| PRCE
% 35mm - L
09Kg | 22012 12412 225VA | 6:012| 12e12 | 938
Regulaton | 25013 [ 15415 £5‘70 1 61013 1518 50
13 22014 | 18418 2249 |6x014| 18018 2
22018 | 22022 ot % Regulation | 63015 | 22422 1 £9 20
ol o Tame || sl Bk | 4] 22
. . o
0z8| 110 Tom o3 Gore| 3038 | 321 et
2029 220 6:026| 40440 8t
20| 240 620251 45445 Isgf} [RTOALLI2Ie8
620331 50450
B0VA |3x010| 626 6028 110

£& 0 8 61030| 240

J00VA | 7:013( 15415

=
=
3
S
3
3
NNOPBONED NNAEANPONDD = NWUWALIOES CePmNNNL WAL G

222ENE28" SNPYBERIES

Q0185|2242 "’:"” 110%50mm| 75014 { 18418
2016 | 25425 owATEl 4 26Kg |72015| 22422
1017 30430 YOTAL£8 91 Aegulatwon | 72016{ 2525 £10.17
o028 110 6% | 7x017( 3030 o
3029|220 72018 35435
X030 20 7x026] 4040 i
I 45445 TOTAL €14 00
120vA [4x00] 506 |1 L) IR

90w 40mm | 43011 9+9
12kg | 4012 12412
Regulaton | 42013 | 15+15
1% | 4014 | 18018
4018 | 22022

DEIBLIFZIBRES BIER

£6.90 hoel s

ooy 87 500 va

£
2
>
~
b
+
&
b ]

82328228 BRILTTNTLEY BNIEBTRES IS £38

4x016 | 25025 vt 2 017 30430 5
42017 | 30430 - Lo 4Kg [ 8:018| 38438 £
44018 | 35435 B4l Reguiahon | 83026 | 40+40 werot2 2
4x028| 110 % 2025 | 45445

w29 | 220 81033 5050 cuyiz )
42030 | 240 82042 55455 oL

£7.91 625vA [9x017| 3030

140x 75mm | 9x018 | 35435
BBl 67

Reguiation | $x014 | 18418
8%

£16.13

O RN NNUL AN R (OO NRNNWANTDS COO == NNWAR OO ~r e eNNE DOOO ==

NEBEINTILE 8L

52016 | 25425 5Ky |9x026| 40+40
52017 | 30430 SVATE) 00 Requlation | 9025 | 45 +45 et
52018 [ 35935 TotaLEn 02 4% 9033 50450 2
5x026 | 40440 9x042f 58055 Guagey
$x028 | 110 9028|110 ()
5:029 | 220 9029 | 220

52030 | 240 0 66 9030 | 240 .

IMPORTANT: Regulation— All voltages quoted are FULL LOAD. Please add regulation figure to
sacondary voltage to obtain oft load voltage.

The benefits of ILP toroidal transformers

ILP toroidal transformers are only haf the weight and height of their laminated
equivalents. and are availabie with 110V, 220V or 240V primaries coded as follows:
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.
How to order Freepost:

Use thls coupon, or a separate sheet of paper, to order these products, or any
groducls from other ILP Electronics advertisements. No stamp is needed if you address to

reepost. Cheques and postat orders must be crossed and payabie to ILP Electronics Ltd.
Access and Barclaycard welcome. All UK orders sent within 7 days of receipt of order for
single and smail quantity orders.
Also available at Electrovalue, Maplin and Technomatic.
ILP Electronics, Graham Bell House, Roper Close, Canterbury, Kent, CT2 7EP.
N W S —

Pleasesend __

Total purchase price
I enclose Cheque[_—__l

Debit my Access/Barclaycard No.

Postal Olders[_—__l Int. Money 0rder[_—__|

Name
Address ___

Signature

Post 10 ILP Electronics Ltd, Freepost, 2 Graham Betl House, Roper Close,
Canterbury CT2 7EP. Kent. England.

Telephone Sales (0227) 54778: Technical (0227) 64723: Telex 965780.

Jl N =

///2 (a dwasion of
A !
. TRANSFORMERS
O GEEES SNEED SN U S

ILP Electronics Lid)
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Now circuit designing is as
easy as pushing a lead
intoa hole . ..

No soldering

No de-soldering

No heat-spoilt
components

No manual labour
No wasted time

For QUiCk Signal traCing MODEL SOL5Eaess E:APACITV' unr g pep | omEn
and Circuit modiflcation NQ | NO TIE-POINTS (14-pent DIP's){ PRICE } 15% VAT FEATURES
q 9 5 o 1|PB6 630 6 9.75| 1236 | Kit
For quick circuit analysis and 2 {pPB100 760 10 [12.50| 1552 | Kit
dia rammin 3 PB101 348 10 17.90 3(2331
PB102 124 12 24.95 i
q g 0 g 0 . . 51PB103 2250 24 39.00] 46.57
With or without built-in regulated power supplies 6 | PB104 3060 2 lasoo ss07
o q PB105 4560 X J
W - 8 PB1203 2250 422 2188 72.95 | sV@1A
Use with virtually all parts — most : % | sven
5 0 s 03A 2250 24 89.00| 104. z1
lug in directly, in seconds. e .
plug ' y,Ins 10 | PB203AK | 2250 24 71100 8395 ivah 15v
Ideal for design, prototype and hobby

Tomorrow's tools for today’s problems
GLOBAL SPECIALTIES CORPORATK)N rG.S.T.(UKimil:, D:t. Sanithr:HilmusEEs?m, SaTonW—alde:ss::BleQ.— - 1

lh Onty Req 2]Onty Reql3 QOnty Req I4 CQnty Req 5 QOnty Reu‘6 QOnty Req 7|Omy Req |8 QOnty Req 9 Cnty Req 1Olomy Rea l

I Name . Address._ I
G.S.C (UK) Limited, Dept 5U | enclose Chegue/P.O. for £ or debit my Barclaycard, Access, l
ESE b
i Ndate o =
Unit 1, Shire Hill Industrial Estate, l A e R T~ 1 - e '
Saffron Walden, Essex. CB11 3AQ. FOR IMMEDIATE ACTION — The G.S.C. 24 hour 5 day a week service | For FREE’ I
Telephone: Saffron Walden (0799) 21682 Telephone (0799) 21682 and give us your Barclaycard, Access, catalogue

American Express number and your order will be in the post immediately | tick box [J



Kit includes tape transport mechanism, ready punched and
back printed quality circuit board and all electronic parts.
i.e. semiconductors, resistors, capacitors, hardware, top

cover, printed scale and mains transformer.
You only supply solder and hook-up wire.
Self assembly simulated wood cabinet — only
£4.50 + £1.50 p+p.

Featured in April issue of P.E. Reprint 50p. Free with kit.

ELECTRONICS ONLY!
Ideal for updating your existing cass- £18.95
conductors, IC's, Capacitors, resistors. +£1.40p&p

STEREO AMPLIFIER KIT

= Featuring latest SGS/ATES TDA 2006 10 watt output
IC’s with in-built thermal and short cirsuit protection.
» Mullard stereo preamplifier module. « Attractive
black vinyi finish cabinet, 9" x 8% x 3%" {approx).

® 10410 stereo converts to a 20 watt disco amplifier.

+£2.75 p&p.

P.E. STEREO

CASSETTE
RECORDERKIT

@ NOISE REDUCTION SYSTEM
® AUTOSTOP @TAPE COUNTER
® SWITCHABLE E.Q.
@ INDEPENDENT LEVEL CONTROLS
® TWIN V.U. METER
® WOW & FLUTTER 0.1°
@ RECORD PLAYBACK I.C. WITH
ELECTRONIC SWITCHING
@ FULLY VARIABLE RECORDING BIAS FCf
ACCURATE MATCHING OF ALL TAPES

This easy to build 3 band stereo

To complete you just supply connecting wire
and solder. Features include din input sock-
ets for ceramic cartridge, microphone, tape
or tuner. Outputs — tape, speakers and head-
phones. By the press of a button It transforms
nto a 20 watt mono disco amplifier with
twin deck mixing. The kit incorporates 3
Mullard LP1183 pre-amp module, plos pow-
er amp assembly kit and mains power supply.
Also features slider controls, push button
switches, fascla, knobs and contrasting case.
instructions S0p — supplied free with kit.

HIGH POWER
MODULE

SPECIFICATIONS. Max output power: 125w rms.
Operating voltage (DC): 50-80max. Loads: 4-16
ohms. Frequency response measured @ 100 watts:
25Hz - 20KHz, Sensitivity for 100 watts: 400mV @
47K. Typical T.H.D. @ 50 watts: 4 ohrmns: 1%,
Dimensions: 205 x 90 and 190 x 36 mm.

£16-50 .......

SPECIFICATIONS: Suitable for 4 to 8 ohm
speakers, Frequency response: 40Hz - 20KHz.
Input sensitivity: P.U. 150mv, Aux. 200mV,
Mic. 1.5mV. Tone controls: Bass * 12dB @
60Hz, Treble £12dB @ 10KHz Distortion:
0.1% typ. @ 8W. Mains supply: 220 - 250v 50Hz.

8" SPEAKER KIT— Two 8"
tic speakers. £4.75 a stereo pair plus £1.70p&p.

il
ar-£10°50 o0 £14:25

+£1.16 p&p

twin cone dormes
x 3%,
Reprint 50p

All mall to: 21BHIGHSTREET, ACTON, W3 6NG.
Note: Goods despatched to U.K. postal addresses
only. All items subject t0 availabitity. Prices correct
at 30/6/82 and subject to change without notice.
Please alow 7 working days from receipt of order
for despatch, RTVC Limited reserve the right to
update thelr products without notice. Send S.A.E.

for full list of products.

+£1.15 p&p.

Telephone or mail orders by ACCESS are

AM/FM tuner kit is designed incon-

junction with P E. (July 81 issue).

For ease of construction and align-

ment it incorporates three Mutlard

modules and an 1.C. IF System.

FEATURES: VHF, MW, LW bands,
interstation muting and AFC on VHF.

Tuning meter. Two back printed pcb’s.

Ready made chassis and scale. Aerial: AM

— ferrite'rod, FM — 75 or 300 ohms. Stabillsed
power supply with ‘C’ core mains transformer.
All components supplied are to P.E. strict
specification. Front scale size: 10%"'x 2% app.
Complete with diagram and instructions,

Self assembly simulated wood cabinet sleeve
t0 suit tuner only, Finish size: 11%"'x 8%"’
£3.50 Plus £1.50 p&p.

FREE with kit.

+£2.50

£17-95 '

SPECIAL OFFERI TUNER KIT PLUS:

» Matching 1.C. 10 watt per channel Power
amp kit. » Mullard LP1183 built pre-amp,
suitable for ceramic pickup and aux. inputs.
* Matching power supply kit with trans-
former, » Matching set of 4 slider controls
for bass, treble +vols, £21.95 + £3.80 p&p.

ALL CALLERS TO: 323 Edgware Rd, London W2,
Tel: D1-7238432. 9.30 - 5.30, closed all day Thurs.
ALL PRICES INCLUDE VAT AT 15%.

R|ITrV

METERS Large range of types in stock: 5/s0 prodes leads. accassones etc.
PANEL MOUNTING in 50. 100, 50044: 1. 5, 10. 50, lﬂl] 500mA; 1A efther

model. a_—
N 50 x s
x 45mm X 45mm
el 7595 £268
ULTIMETERS e
H56A YN 360TR | OMM 00601!
ew — 20KNV: L 20K{/V: AC/DC/R/ LCD 3% digit (1999)
AC/DC/RES /dB dB/transistor Test; Push button
in 23 ranges. in 21 ranges: 28 ranges
130 x 88 x 37Tmm 145 x 96 x 45mm 170 x 80 x 38mm
£11.20M £1645N £32.00N

SOLDERING IRONS

Also farge stocks of bits. desoldering devices, accessaries stc.

ANTEX C-240V £460N; X.25-240V £5.30N; CSBP f5A5N; XSBP {555N;
$T4 Stand £1.J0N.

OAYX 50 watt temp. contralied £13.76N: Stand £4.00N.
SOLDER 500gm/18 SWG £7.80; Desoider braid 1.5m 54p.

DR 2 0 a H
Al ABS, light grey top. dark grey bottom + 2 ali panets
i 0 H TYPE RICE
205 140 40 21034 £4.52
205 140 75 21035 £5.02
205 140 10 21036 £6.54
180 120 9 21037 811
180 120 65 21038 480
180 120 90 21039 £4.69
155 85 39 21040 £3.31
185 85 60 21041 £3 81
155 85 80 21042 £4.30
125 85 3 21047 £2.35
125 65 33 21048 £2.99
125 65 50 21043 £3.37

RESISTORS

1. 1. § § watt — alt 2p sach. 10 of one valus 159.

2% Mulhm metal film 5.1 ohms — 300K 5p sech, )0 of one value 40p.

5% wire wound 3W o1 TW, most E12 vatues 1,2 ohms T BKZ 9p sa. 10 for 7°|l

@ ALL MEACHANDISE BRAND NEW & GUARANTEEO TO SPEC. @

@ CATAUDGUE 82 70p POST FREE INC. 70p REFUND YOUCHER

POTENTIOMETERS
Carbon rotary (P20) 100 ohms-4M7 lin. 220 ohms-2M2 log. ss. 32p. w. switch 80p.
Duat gang [JP20) 4K7-1M2 Iin or log 95p. w. switch £1.50

SLIDERS
58mm. low cost 10K-1M log only 28p. Std 58mm mono 4K7-1M lin or log 79p.
sterea matched £1.29. Gradueted bezets sa. 34p.

PRESET

Min. 10mm dia. Horiz. or vert. 100 chms-1M 13p.

Preset Cermet ractilinear type B9P, 100(2-1M. sa. £1.08.
Preset Cermet 10mm dia Horiz. or vert. 100(1-1M 29p.
Plessey MPWT moulded carbon 47 ohms-2M2 ee. 58p.

® DISCOUNTS ON ALL ITEMS EXCEPT PRICES MARKED N

SWITCHES — Wavechange

Type CK — 1P/12 way; 2P/8 W. 3P/4 W; 4P/3 W 48p; Min. Toggles — S7101,
SPOT §7p; S7201 DPOT 80p; S7301 3PDT £1.84; $7401 4PDT £2.75; 57211
1P3W £1.40; Centre off S7103 SPOT T7%p; S7203 OPOT 88p. Push Button min
8531 make/8533 break 82p; 8225 DPDT £1.34.

DUAL IN LINE ERG colour coded 0.3” x 0.17 format. On/Of sin Ie throw 2P
SDS2 S4p; 4P SDS4 95p; BP SOSE £1.38; 8P SDSB £1.87; 10P SDS0 £2.10.
Low cost -1 4P DNS04 66p; 8P DNSO08 £1.00

KEYBDARD

CAPACITORS —@—

POLYSTYRENE, SIEMENS
5% Tolerance. 160V
S, 7.10, 12, 15, 18. 22. 27, 33, 39pF 15p; 47, 56. 68. 82. 100. 120. 150.

180 220, 270, 330, 390, 470, 560. 680, 820pF, In. 1n2. 1n5. 108, 2n2.-

2n7, 3n3, 3n9, 4n7 12p; 5n6. SnB 8n2, 10n §3p.

CERAMIC Very small 1.8, 2.2, 2.7 etc. up to In 5¢ sech. 15, 2n2, 3nJ, 4n7,
6n8 5p; 10n, 22n. Bg; 33n, 47n Tp; 100n Bp,

PDlVESTER SIEMENS LAYER TYPE 7.5mm fead spacing 100V

1n5, 2n2. 303 8p; 4n7. 6n8. Bn2. 10a. 120, 15n. 18n. 22n, 27, 33n,
3§l| 47n Tp; 56n. 880 8p: B2n, 100n 8p: 120n. 150n 11p; 180n. 220n 12p:
270n, 330n, 390n, 470n 15p; 580n. 680n 248p. FOmm spacing 1uf 2
15mm spacing 212 35p. 22.5mm spacing \pF 400V B4g; 3.3uF 100V “n
In-depth stocks.

CMOS SUPER SAVERS| {Pricas Net and shown in pance)

4000 14 4015 4027 2 4089 10
4001 1 4016 26 4028 50 4070

4002 14 4017 2 4029 7 4071 1
4006 59 4018 85 4030 60 4072 18
4007 14 4019 k1] 4041 (1] 4081 18
4008 50 4020 L] 4042 52 4082 18
4009 % 4021 80 4043 66 4093 k)
4010 5 4022 )1 4044 56 4510 1]
40 14 4023 18 4046 75 4511 56
4012 15 4024 “M 4049 25 4518 83
4013 29 4025 19 4050 20 4518 4%
4014 80 4026 104 4080 80 4520 (1]

For use with 2X81 £31.30N; Keyboard Case £13.48N.

NICAD CHARGERS
For PP3-NC75G £4.95N: For AAC or 0-NC1230 £8.20N.

ELECTROLYTICS
NON-polar {for LS X-overs} 50V peak 2uF 28p: 4uF 28p; 6. 8. 10, 16.F 32p;
25uF 37p; 40, 604F 59p; 1004F 89p.
POMIISED SIEMENS or MULLARD FDR QUALITY (uFN) 1/83. 2.2/83,
/53 6.8/40, 10/25, 22/10 sa. 10p; 10/40, 22/25. 47/10 11p; 47/25
100/10 135 100/25. 100/40 IS; 220/10. 220/16 t8p: 220/25 18p:
22 /40 20p; 47010, 470/16, 470/25, 1000/10 18p; 470/40. 1000/16 27p;
1000/25 3‘9 1000/40, 2200/16 64p; 1000/63 78p; 2200/40. 4700/16 73p.
l\?&h IEMENS single ended .
1/8 2/53 47/63 IJ IOISJ 22/63 12p; 22/40, 47/16 10p; 47/40 12p;
4/ Bp ; 100/40 ;p 100/63 20p; 220/10, 220/16.

- 7 /aa ; 410/10 18p. 470/18 18p; 470/25 22p; 470/40 26p:
II]I]I]/II]Z : 1000716 23p.
Cans — SIEMENS

Large

2200/83 £1.77; 4700/40 £1.79; 4700/63 £2.98; 4100/100 £6.64; 10000/18
£1.93; 10000/25 £2.78; 22000/16 £3.28; 22000/25 £4.7

TANTALUM

0.1/35. 0.22/35. 0.47/35, 1/35. 2.2/16. ee. 13p; 2.2/35. 4.7/16. 10/6.3 18p:
4.7/35, 10116, 22/6.3, 10/25 18p; 2215 22/25 33/10, 47/8.3, 100/3 30p

LOW LEAKAGE Ali. single ended

0.1/50, 0.22/50, 0.47/50. 47/35!0{ |/50 2.2/50. 4.7/50, ea. 12p: 10/16. 22/8,
10p; 10/35, 2210, 22/16, 22/35. 47/6, 41/10 12p: 47/16, 100/8 12p.

ar,cwud viz mail order or telephone
Gira Afc no. 38/671/4002.

VAT, additional st 15% on total value of all UK. orders

FREE POSTAGE ana gacklnq on UK. C.W.0. orders value £5.75 linc. VAT) and
upwards Under £5.75 add 40p {inc. VAT).

DISCOUNTS gp orders over £23.00 — 5%
on orders over £67.50 — 10%

Discounts do not apply to ‘Net” ftems {shown by N after the price) or to orders paid

for by credit card

Please mention this Journal when writing, #fe.

High quality Black ABS plastic or decast plain or

OXES (7. =

L W D ABS PLAIN STOVE GREY

50 50 26 — 5001P 80p 5001 123p

100 60 25 2002 98y 5002P 117p 5002 154p

113 63 31 2003 108p 5003P 143p 5003 184p

121 66 40 2004 115p 5004P 182p 5004 240p

152 82 50 2005 134p 5005P 218p S005 288p

192 113 61 2006 235 5008P 314p 5006 401p
VERO RANGE Plastic Boxes

L w 0

n 47 25 21024 50p
120 50 35 21380 78p
180 110 58 2139 145p
‘G’ AANGE Professional Instrument Cases

134 90 44 21089 £7.28N
224 140 64 21030 £11.02N
302 170 84 2109 £14.96N

@ NORMAL DESPATCHES WITHIN 24 HOURS

MAIL DRDERS TO HEAO OFFICE & SHOP —
ELECTROVALUE I.TD 28c St Judu's Rd. Engiafsd Groan. Eghem.
Surrey TWZ2U 0
Taiephone Egham (STD 0784; London I7) 33603: Tabex 264475.
orthern Branch {Personai sh ty) 880 Burnage Lans. Burnage.
Manchester M19 lwxﬂnm 0614324345
Computing Shop: 700 Burnage Lane. Manchester. Tel: 061 431 4886

Shop hours (alf addresses) Mon-Fri Sam-§.30pm. Sat Sam-1.0pm
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MASTER
ELECTRONICS

NOW'!

The PRACTICAL way!

This new style course will enable
anyone to have a real understanding
of electronics by a modern, practical
and visual method. No previous
knowledge is required, no maths, and
an absolute minimum of theory.

You learn the practical way in easy
steps mastering all the essentials of
your hobby or to start or further a
career in electronics or as a self-
employed servicing engineer.

All the training can be carried out in
the comfort of your own home and at
your own pace. A tutor is available to
whom you can write personally at any
time, for advice or help during your
work. A Certificate is given at the end
of every course.

You will do the following:

@®Build a modern oscilloscope

@®Recognise and handle current electronic
components

@ Read,draw and understand circuit diagrams

@Carry out 40 experiments on basic
electronic circuits used in modern
cquipment

@®Build and use digital electronic circuits
and current solid state ‘chips’

@ Learn how to test and service every type
of electronic device used in industry and
commerce today. Servicing of radio, T.V.,
Hi-Fi and microprocessor/computer
equipment.

NewdJob? New Career?New Hobby ?Get into Electronics Now!

—-—————--—-———-_ﬂ
820

' Please send your brochure without any obligation to | am interested in PE/11/
H [_] COURSE IN ELECTRONICS
I COLOUR BROCHURE NAME as described above
—= — [_] RADIO AMATEUR LICENCE

ADDRESS 1 MICROPROCESSORS
[T—] LOGIC COURSE

OTHER SUBJECTS

Uh\\ Kt
0

I POST NOW TO: BLOCK CAPS PLEASE

l_BritlshNat]mlalRadm&Electromcs SchoolReadmg Berks.RG11BR. R
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Sinclair ZX Spect:

16K or 48K RAM... ¢ pm
full-size moving- §
key keyboard...

colour and sound...

Ik

" ,zx Spectrum

GRELN
INV VIDEO
M

MAGENTA
TRUE VIDEO
R

INE OPEN #

high-resolution

graphics...
From only

£1251

First, there was the world-beating
SinclairZX80. The first personal computer
for under £100.

Then, the ZX81. With up to 16K RAM
available, and the ZX Printer. Giving more
power and more flexibility. Together,
they've sold over 500,000 so far, to make
Sinclair world leaders in personal
computing. And the ZX81 remains the
ideal low-cost introduction to computing.

Now there's the ZX Spectrum! With
up to 48K of RAM. A full-size moving-key
keyboard. Vivid colour and sound. High-
resolution graphics. And a low price that's
unrivalied.

Professional power-
personal computer price!

The ZX Spectrum incorporates all
the proven features of the ZX81. But its
new 16K BASIC ROM dramatically
increases your computing power.

You have access to arange of 8
colours for foreground, background and
border, together with a sound generator
and high-resolution graphics.

You have the facility to support
separate data files.

You have a choice of storage capa-
cities (governed by the amount of RAM).
16K of RAM (which you can uprate later
to 48K of RAM) or amassive 48K of RAM.

Yet the price of the Spectrum 16K
is an amazing £125! Even the popular
48K version costs only £175!

You may decide to begin with the
16K version. If so, you can still return it later
for an upgrade. The cost? Around £60.

READ
O
NE

A%

Ready to use today,
easy to expand tomorrow

Your ZX Spectrum comes with a mains
adaptorand all the necessary leads to
connect to most cassette recorders
and TVs (colour or black and white).

Employing Sinclair BASIC (now used
in over 500,000 computers worldwide)
the ZX Spectrum comes complete with
two manuals which togetherrepresent a
detailed course in BASIC programming.
Whether you're abeginner or acompetent
programmer, you'll find them both of im-
mense help. Depending on your computer
experlence, you'll quickly be moving
into the colourful world of ZX Spectrum
professional-level computing.

There's no need to stop there. The
ZX Printer—available now - is fully
compatible with the ZX Spectrum. And
later this year there will be Microdrives for
massive amounts of extra on-line storage,
plus an RS232/network interface board.

N
SiN LOS RS
o Ty ALY
5 () Ea
ASN ACS ATN

VERIE ¥ MERGE

at SN

DATA
Ny

81 N\

BRIGHT

Key features of the
Sinclair ZX Spectrum

@ Full colour-8 colours each for
foreground, background and border,
plus flashing and brightness-intensity
control.

® Sound-BEEP command with variable
pitch and duration.

® Massive RAM-16K or 48K.

@ Full-size moving-key keyboard - all
keys at normal typewriter pitch, with
repeat facility on each key.

® High-resolution-256 dots
horizontally x 192 vertically, each
individually addressable for true high-
resolution graphics.

@ ASCIi character set—with upper-and
lower-case characters.

@ Teletext-compatible —user software
can generate 40 characters per line
or other settings.

® High speed LOAD & SAVE-16K in 100
seconds via cassette, with VERIFY &
MERGE for programs and separate
data files.

® Sinclair 16K extended BASIC -
incorporating unigue ‘one-touch’
keyword entry, syntax check, and
report codes.
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RS232/network
interface board

This interface, available later this
year, will enable you to connect your
ZX Spectrum to a whole host of printers,
terminals and other computers.

The potentialis enormous. And the
astonishingly low price of only £20is
possible only because the operating
systems are already designed into the
ROM.

ZX Spectrum

Available only
by mail order
and only from

Ssinci=ir-

Sinclair Research Ltd,
Stanhope Road, Camberley,
Surrey, GU15 3PS.

Tel: Camberley (0276) 685311

Practical Electronics November 1982

The ZX Printer-
available now

Designed exclusively for use with the
Sinclair ZX range of computers, the
printer offers ZX Spectrum owners the full
ASClIi character set-includinglower-case
characters and high-resolution graphics.

A special feature is COPY which
prints out exactly whatis on the whole TV
screen without the need for further
instructions. Printing speed is 50 charac-
ters per second, with 32 characters
perline and 9 lines per vertical inch.

The ZX Printer connects to the rear of
your ZX Spectrum. A roll of paper (65ft
long and 4in wide) is supplied, along with
fullinstructions. Further supplies of paper
are available in packs of five rolls.

The ZX Microdrive-
coming soon

The new Microdrives, designed
especially forthe ZX Spectrum, are set to
change the face of personal computing.

Each Microdrive is capable of holding
up to 100K bytes using asingle inter-
changeable microfloppy.

The transferrate is 16K bytes per
second, with average access time of 3.5
seconds. And you'llbe able to connect up
to 8 ZX Microdrives to your ZX Spectrum.

All the BASIC commands required for
the Microdrives are included on the
Spectrum.

Aremarkable breakthroughat a
remarkable price. The Microdrives are
available later this year, for around £50.

How to order your ZX Spectrum

BY PHONE-Access, Barclaycard or
Trustcard holders can cail 01-200 0200 for
personal attention 24 hours a day, every
day. BY FREEPOST -use the no-stamp
needed coupon below. You can pay by
cheque, postal order, Access,

Barclaycard or Trustcard.

EITHER WAY-please allow up to 28
days for delivery. And there's a 14-day
money-back option, of course. We want
you to be satisfied beyond doubt-and we
have no doubt that you will be.

|—To Sinclair Research, FREEPOST, Camberley, Surrey, GUIS 3BR Order—l
| Qty " Item Code ItemPrice Total
£ £
- " Sinclair ZX Spectrum-16KRAMversion 100 125.00
Sinclair ZX Spectrum-48K RAM version 101 175.00
Sinclair ZX Printer 27 59.95
Printer paper (pack of5 rolls) 16 1195
Postage and packing: orders under £100 28 295
orders over £100 29 4.95
Total £

Please tick if you require a VAT receipt O

*Please charge to my Access/Barclaycard/Trustcard account no.

I
I
|
|
I
I
: *Please delete/complete
|
I
| A
|
I

|
|
|
|
|
|
|
*l enclose a cheque/postal order payable to Sinclair ResearchLtdfor£ - |
|
|
|
I
I
|
|

5 T SO = | T [
as applicable
|Signature |
PLEASE PRINT
[Name:Mr/Mrs/Miss | | | | | | | | | | | & b L b 111}
I_ddressIIII;IIIIIIIIIIIIIIIuI
1] B ) | 5" | S S PP S |
{ 10 0 R T Y | =0 1 | PR




UK LIST
EX VAT

The first portable
scope with a
component tesier.

H=EE

Capacitor 33uF TransistorE-C TransistorB-E  B-E1uF + 68ohms

Oscilloscope Specifications:

X Deflection 1

Timebase: 0.2s-0.2 psiem

Triggering: 2 Hz - 30 MHz (3mm)
Auto + tevel control

Bandwidth: 2Hz - 1 MHz

Y Deflection

Bandwidth: DC - 10 MHz (-:3dB)
~ Overshoot: Less than 1%

Sensitivity: 5mV - 20 Viem

Input imp: 1 M ohm i/ 25pf

An entire
range of
low-cost
high-
performance
instruments

sabtronics &
‘Making Performance Affordable

5020A 1Hz-200KHz Function Generator
2033 3'%-DigitL.C.D. Hand DMM
365-S Protoboard

LP-10 10MHz Logic Probe

8110A 100MHz 8-Digit Frequency Meter
86108 600MHz 9-Digit Frequency Meter

80008 1GHz 9-Digit Frequency Meter

PSC-65 600MHz Prescaler

AT-001 x1 Passive Probe

AT-010 x10 Passive Probe

AT-110 x1:x10 Passive Probe
(Switchable)

Also Oscilloscopes 15-30MHz Single or Dual trace.

Testour low priced test equipment. It measures up
to the best. Compare our specs and our.
prices—.no-one can beat our

price/performance ratio.

[Blla

llustrated brochure and price list from:

BLACK STARLTD

9a Crown Street, St. lves, Cambs. PE17 4EB

Tel: (0480) 62440. Telex: 32339

General Information .

Component Tester: For single components and In clrouit
Callbrator: 0.2V = 1% for probe alighment

Power Supplies: Regulated including high voltage
A.C.Input: 110, 127, 220, 237, V.A.C., 50 - 60 Hz
Waeight: 814 Lbs.

Size: 4-%"H x 83/

For further information on HAMEG’s full range of top
performance oscilloscopes, contact:

HAMEG LTD.
74-78 Collingdon Street, Luton, Beds, LU1 1RX
Tel: (0582) 413174
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SINCLAIR COMPUTERS

We are the leading world-wide Sinclair export
specialist mcludvvg Norway, Sweden. Finland
and Denmark. Write for our surprizingly low
prices.

PRINTERS
Buy any of the below and get a free interface
kit and word processor program for UK10I or
Superboard. Seikosha GPIO0A £199. OKI
Microline B3A £446. OKI Microline 84A £799.
OKI Microline 80 £235. OKI Microline 82A
£333. Epson MX70T £259. Epson MXBOTIJ
£319. Epson MXBOF/T3 £349. Epson
MX100/3 £429.

VIC 20 COMPUTER

Two special offers— If it is bought with the
Vic20 we can supply the cassette recorder for
£30.43. Alternatively, we will supply a free kit
with each Vic20 to allow the use of an ordinary
cassette recorder. Vic20 £130. Ordinary cas-
sette conversion kit £6. Vic20 cassette recor-
der £36.50. High resolution cartridge €27.95.
Mlx;nne code monitor €27.95. Vic printer
£17

Ram cartridges:— 3K £24, 8K £35, 16K £57.
Game cartridges— Sargon I1£19, all others £15
each. joystick £6.52. Intro to Basic Part | £13.
New lost cost memory board, no need for a
mother-board, comes wn.h 3K ram on board
+ socket for a rom + sockets for another 24K
of low current Nmos ram (Just plug in chi
expand memory) £49. 27K version

Extra memory chlps £6 per 2K.

UKI0l AND SUPERBOARD
32 X 48 display expansion kits UKIOI £9,
Series | Superboard £14. Guard band kit for
Superboard only £10. The below accessories
suit both the J K101 and Superboard:~ Extra
ram £2.10 per K. 32K memory expansion
board £60. Cegmon £22.50. Wemon £14.95.
Word processor program £10. Centronics
interface kit £10, 610 expansion board £179,
Cased minifloppy disc drives with DOS single
€275, dual ‘fpg Stand alone floppy disc con-
troller £85.

GENIE COMPUTERS
New colour Genie 16K and accessories -
ne for prices. Genie | 16K £279, 48K
Eno EG3d14 expander box 16K £179, 32K
£189. Minifloppy disc drives single (l” dual
£369. Double der\;nyy convertor £72. Parallel
inter interface £36. High resolution graphi:s
E:m. £€82. 12" monitor £§0 &

BATTERY ELUMINATORS*
3-way 6/7.5/9V 300ma £3.50. Stabilized
model ?rﬂ 5/9V 400ma £7.95. 100ma radio
with press studs 9V £4.95, 9V+9V
.28. Car convertor 2V input, output
3/4.5/6/7.5/9V 800ma £3.04.

BATTERY ELIMINATOR KITS*
lOOma radio types with press-studs 9V £1 7’
s‘ Stabilized 8-wa ty
314 516/7 S/9/l2/l9V 100ma £3.12,
ilized power kits 2-18Y IOOma (J I
1-30V 1A £8.50, 1-30V 2A £15.30. TTL and
computer supplies SV stabilized 1.5A £9, 3A
£14, 6A £24. 12V car convertors 1A £1. 62,

TV GAMES*
AY-3-8550 + kit £9.26.

BI-PAK AUDIO MODULES®*
PSI12 £1,75. T538 €2.90. AL60 £5.62. BMT80
£6.36. Sterec 30 £15. ALBO £8.56.

SWANLEY ELECTRONICS,
Dept PE, 32 Goldsel Rd.,
Swanley, Kent BR8 BEZ.

Tel. Swanley (0322) 64851,
Please allow 14 days for delivery.

Posta £3.50 on computers, £4.50 on printers
Op on other orders. Please odd VAT to aif

pn(es except those sections marked with a *

Overseas and official credit orders weicome
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THE MULTI-PURPOSE TIMER HAS ARRIVED

Now you can run your central heating, lighting, hi-fi systam and lot
more with just one programmable timer. At your selection it is
designed to control four maina outputs independently, switching on
and off at pre-set times over & 7 day cycle, e.9. t0 control your csntral
heasting {including different switching times for weekends), just
connect it to your system programme and set it and forget it—the
clock will do the rest
FEATURES INCLUDE :-

0.5” LED 12 hour diaplay.

Day of week, amvpm and output status indicstors

4 rero voltage switched mains outputs.

50/60Hz meins operation.

Battery backup saves stored programmea and continuss

time keeping during power failures. (Battery not supplied).

Display blanking during power failurs to conserve battery power.
* 18 programme time sets.

Powerful “Everyday” function enabling output

to switch every day but use only ons time set

Ussful “slesp” function—turns on output for one hour.

Direct switch control enabling output to be turned on

immedistely or after s spacified time interval.

20 tunction keypad for programme sntry.

Programmae verification at the touch of a button.

{Kit includes all components, PCB, assembly
snd programming instructions).

& 3.NOTE DOOR CHIMEJJ &
Besed on the SABOGOO IC the kit is suppied with all
. printed circuit
bosrd, 8 pro-dnuod box (95 x 71 x 35mm) and full instruc-
tions. Requires only 8 PP3 9V battery and push-switch to
completa. AN IDEAL PROJECT FOR BEGINNERS.

Order as XK102,

For a detailed booklet on
remote control — send us
30p & SAE today.

“OPEN-SESAME"

The XK103 is a general purpose infrs-red trsnsmitter/
receiver with one momentary (normally open) relsy con-
tact and two Istched transistor output. Designed primarily
for controiling motorised garage doors and two suxillary
outputs for drive/garage lights st a range of up to 40 ft.
The unit also has numarous ap| tions in the home for
switching lights, TV, closing curtains, etc. Ideal for agad
or disabled parsons.

The kit comprisas 8 mains powerad receiver, a four
button transmitter, complets with pre-drilled box,
requiring a 9V battery and one opto-isolated solid state
switch kit for interfacing the receiver to mains appliances.
As with all our kits, tull instructions are supplied

Only £23.75

Extre Solid State Switch Kits (XK104} and transmitters
(XK105) can be supplied.

XK104 £2.40 XK105 £10.50

ALL

EXCLUDE VAT
REMOTE CONTROL KITS

MK SIMPLE INFRA RED TRAI
Pulsed infra red source compiete with hand-held plastic box. Requires a 9V battery.
MK7 INFRA RED RECEIVER

Single channel, ran&e appvox 20'!

£4.20

powered with a triac output to switch loads up to 500W
Pnc- for MK8 and MK7 together £1250}

R
Based on ths SL490, the kit includes all components to make a coded transmitter and only
requires a 9V (PP3) battery. B x 2 x 1.3cms £5.90
MK10 18-WAY KI ARD
For use with MK8 and MK18 to gensrate 16 difterent codes for decoding by the ML928 or MLSIS
receiver (MK12} kit.
MK11 10-Channel + 3 Ansloguse 0/p IR Receive
Based on ML822 decoder IC. Functions includ
tone and lamp brightness. Inciudes its own mai
MK 12 16-CHANNEL IR RECEIVER
For use with MK8 kit with 16 on/off outputs, which was further interface circuitry, such as relays or
triacs, will switch up to 16 items of equipment on or off remotely. Latched or Momentary outputs
— please specify when ordering. Includes its own mains supply.
MK 13 19-WAY KEYBO: For use with MK8, MK 18 and MK11 ki
MKI. Mains Powered IR Transmitter

ins powered for continuous operation — single channel. for applications such as burglar
l rms, automatic daor openau stc. Range approx. 6 ft. Ef
MK17 12V d.c. IR RECEIVE!
For use with MK8 or MK‘S Relay output with DP3 Amp change-over conm:u, may be used as
lstched, momanlarx or "break beam” receiver. Operates from 8-13Vd.c £9.50
MK 18 HIGH POWER IR TRANSMITTER

nmlndby output, toggle, control of volume,
upply. £12.00

£4.35

Similar to MKB but with range of approx 60ft. £6.20
Ancifiary Kits : MK2 Sollkd State Pelay

Opto-isolated with 2ero voltage switching No. tnac supplied.
MK15 DUAL LATCHED SOUID STATE RE| EA

Compnscs 2 x solid state relays and latch for use with momentary version of the MK12, 2 output
1riacs raquired (not supplied). £4.50

£2.60

SHORT FORM CATALOGUE - send SAE
(6" x9”). We also stock Vero, Books,
Resistors, Capacitors, Semi-Conductors etc.

&
"
&

HOME LIGHTING KITS

These kits contan sl necessary components and hull
instructions & are designed ta replace & standard wall

MINI KITS

MK TEMPERA TURE
CONTROLLER/THERMOS TAT

switch and control up 10 300w. of lighting.

TDR300K Remote Control
Di

immer
Transmitter for above £4.20

£7.00

Touchdimmer

Extension kit for 2-way
switching for TD300K

Rotary Controlled
Dimmer

it enableg Vel
©r8 in the e h

We have the SOFTY 2
EPROM programmer in

stock at

ou.
!r.ns,.,.”

£14.30

0 controp 6o

Use 'Om

which ’!ter '"l ects

£169

£2.00
£3.50

Usas LM3911 IC to sense tempera-
ture (80°C max.) and triac to switch
hester. IKW £4.
MK2 Solid State Relay
ldeal for switching molors

rs. eotc. from logic.
‘w od with zero voitage swi
Supplied without moc
M3 BAR/DOT DISPLA!
Displays an ar\alo?‘E von.qe on a
linear 10 slement LED display as @

B e SL441 zero voliage

lwm:h this kit may be wired to form

a power controller,

snabling the temperaturs of an en-

closuu to be maintained to wnmn
0.5°C. Max. load 3KW

MKS MAINS TIMER

Based on the ZN1034E Timer IC this

hrs. Longer or shorter periods may
be reslised by minor component
changes. Max.load 1KW. £4.50

uluo—'or -money kit
features  a bi-directional
sequence, speed of sequance
and frequency of direction
change, being variable by
means of potentiometers and
“Incofporates a master
dimming control.
iz 1a0n Only £14.60
A lower cost version of the sbove. featuring
undirectional channel ssquence with speed
variable by means of a pre-se: pot. Outputs
switched only at mains zero crossing points
to reducs radio interfersnce to a minimum.

Only £8.00
60p

Optional opto input DLAY
Allowing audio (“beat”}
—light response.

DVM/ULTRA SENSITIVE
THERMOMETER KIT
display. This kit will form the

This new design Is based on

the ICL7126 (a2 lower power

basis of a digital mulimeter

{only a tew additional resistors and switches

version of the ICL7106 chip)
and a 312 digit liquid cryatal

are required—details supplied), or a sensitive
thermometer

nsitivity of 200mV for a full scale reading,
automatic polarity indication and sn ultra
low powsr reguirement—giving a 2 year
typical battery lite from a standard 9V PP3

when used 8 hours a day, £15.50

7 days 8 week

[T THE KEY TO YOUR SECURITY IS INOURLOCK _ .

H the thought of car thieves, house breakers o, people lamparing with your electrical and
electronic aquipmaent upsets you, we have just the kit for you.

Our ELECTRONIC LOCK KiT includesa 10-way keyboard and a special IC which provides a
750mA output to drive a solencid or relay (not supphed) when four keys are dcpressad in the

correct sequence. This gives over 5,000 possible

s The seq 3 p and

may be sasily changed by means of s srmall plug and socket. A “SAVE” funcllon is aiso available
enabling Alh. open coda to be stored {especially useful in » car when it is left in a garage
for servicing as the open code need not be disclosed). Size: 7x6x3 cms. Power Consumption is

40uA at5Vto ¥

At only :10.50 + VAT,nwiII make 8

smaller hole in
than a bunch o

SV d.c.

your pocket
f kaysi

Suitsble for use with existing £1 3 .50

| Electric Lock Mechanism
door locks and above electronic lock kit.

24 HOUR CLOCK/APPLIANCE TIMER KIT

Switches any applisnce up to 1kW
on and off at present times once per
day. Kit contains:

0.5 LED dispia
display drivers,

switches,

AY-6-1230 IC,
mains  supply,
LEDs,

triacs. PCBs and full instructions

CT1000X Basic Kit
CT1000K with white box {56/131 x 71mm)
{Resds

Add 50p postage & packmg +15% VAT to total.

Buitt) ..

Overseas Customers;

Add £1.50 (Europe), £4.00 (etsewhere) for p&p.

OPE

FAST SERVICE - TOP QUALITY- LOW LOW PRIGES

1 No circuit is complete without acallto

Send S.A.E. for further STOCK DETAILS.
Goods by return subject to availability.

9am to 6pm {Mon to Fri)
10am to 4pm (Sat)

0" NO1SO8

ELECTRONICSEM

11 Boston Road
London W7 3SJ

ACCESS . ' ENQUIRIES
zmctﬂcmm 01-567 8910 ORDERS CToroRn
wercome 01-579 2842 TECHNICAL asten som
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hms  Inch
Major 4,8 16 12 HA-E €4 Q
Superb 816 12 30 Hi-Fi  £24 £,
Auditorium 816 12 45 Hi-Fi €22 €2
Auditorium 816 IS 60 Woofer £34 £2
Group 45 4,816 12 45 PA 14 £2
Group 75 481612 715 PA €18 £2
Group 100 816 12 100 Guitar  £24 £2
Disco 100 816 12 100 Disco €24 £2
Group | 816 1S 100 Guitar 81 £2
Disco 100 816 IS 100 Disco 2 £2

‘CJROSSOVERS. TWO-WAY 3000 ¢/s 30 watt 8 or |5 ohm

3-way 950 cps/3000 cps. 40 watt rating. €4. 3-way 60 watrs £6.
LOUDSPEAKER BARGAINS

3 ohm, Sin, 7X4in, £2.50; 63n, 8% Sin. £3; 8in. £3.50. 10in, £S.
8 ohm, 2iin, 3in, £2; Sin, £2.50; 6ain. £3; 8in, £4.50; 0in, (5-;

in, £6.

15 ohrn, 3hin, SX 3in, 6X4in, £2.50.

25 ohm, Jin, £2; 5x3in, 7 x4in, £2.50. 120 ohmn, 3¥in dia. £3.

OISCO MIXER 240V, 4 stereo channels, 2 magnetic, 2

cerarnic/tape, | mono mic channel, twin v.u. meters, headphone

monitor outlet, slider controts, panel or desk mounting, grained

aluminium facia. £40. Post £2.

OELUXE STEREO DISCO MIXER/EQUAUISER as above

plus LE.D. V.U. displays S band graphic equaliser, left/ right fader,

switchable inputs /line. mike/line.

Headphone Monitor, Mike Talkover Switch  £95. PP £2.
£30 pair.

'BOOKSHELF HI-Fi ENCLOSURES TEAK
18 X I X 6in, 10 watts, 8 or 4 ohm. 2 way system. Post £2.
METAL PLINTH cut for Garrard or BSR

Size: 16 X 14 X 3In £4.00. Sitver or Black finish. Post £2.

B.S.R. P204 SINGLE PLAYERS POST £2 exch
SPECIAL OFFERS

Two speed 33 QSsrxm HiFi Decks with Stereo Cartridges,
cusing device and e arm.

Ceramic Cartridge- 240V AC €15 or 9V DC £I18.

Magnetic idge - 240V AC €20 or 12V DC £24.

B.S.R. SINGLE PLAYER P170 RIM DRIVE £20.00
J-speeds llin wwmtable. “Slim™ arm, cueing device, stereo
ceramic cartridge. 240V AC. Post £2.

Model gm onam T ;ncz Post |

B.S.R. DE-LUXE AUTOCHANGER £18’
Stereo cartridge, plays all records. 3-speed. 240v AC. Post £2.

DECCA B.S.R. TEAK PLINTH 181 x 14} X 4in.
Space for small amplifier. BSR Board (5805( £1.50.
ith Garrard Board £3 post £1.50. PYC covers €5 extra

TINTED PLASTIC EQUIPMENT COVERS
Sizes: 14} X 12§ X 3in. £5. 16} X |5 X 4in. £5.

14 X 13 X 3pn. £5. 18 X 12} X 3in. €S. 16§ X |13 X 4in. £5.
173 x 133 x 4bin £S. 21} X 14} X 2in. £S. POST £1.50.

R.C.S. LOW VOLTAGE STABILISED

POWER PACK KITS €3.95. Post 65p.-
All parts and instructions with Zener diode printed circuit, mains
transformer 240V ac. Output 6 or Th or 9 or 12V de up to
100mA or less Please state voltage required.

PP BATTERY ELIMINATOR BRITISH £4.50
Mains stabilized power-pack 9 voit 400mA D.C. with overload
cut out. Size S X 3} X 2}in. Post S0p. DELUX MODEL
Switched 3; 6: 74 9 voit 400mA D.C. Stabilized. £7.50. Post £1

240V MAINS TRANSFORMERS
£S5,

Post
£1]

ovp TOXURTN S
BV oA 2V A3V 6 amp. a8 &
220v 45mA. 63V 2A €3. 250V 60mA. 63V 2A €350 £l
GENERAL PURPOSE LOW VOLTAGE
2A.3,4,56,89 10,12, 15, 18 24and 30V £6.00 £2
1A, 6 8 10, 12, 16, 18, 20, 24, 30. 36, 40, 48. 60 £6.00 €2
A6 8 0T 6 182012430, 36, 40,48 60 (1050 41
IA & 810, IZ 16, 18 20 24, 30, 36, 40. 48, 60 £1250 €1
SA. 6,8, 10, (2, 16, 8 20, 24, 3&_3?,54\/0. 48.60 ‘3’7’2 a
&V } am| €200 €1 ! amps €3,
6.0V 100ma €150 €1 16V 2amps €3.00 £}
9V 250mA €1.50 gop 10V | amp £3.00 (i
9V 3 am, €350 ¢) 20-0-20V tamp €350 £I
9.0-9Y £1.50 8 20-40-60V | amp (4.00 £2
10-30-40V 2 amps €3.50 £1 30Y ;a amp 50 £1
12V 3 amps 50 ¢ 30Y 5 amps and

606V I Qo 6 1701V (450 Q
S 30 € 32032V 6A i2 a
AUTO TRANSFORMER | 15V to 240V S00W £12.00 £2
CHARGER TRANSF. Post RECTIFIERS Post
612V-3A €400 £2 6-12V-1A 80p
6-12VA4A €6.50 €1 612V-2A €110 80p
6-12V-6A €850 £2 6I12V4A €200 80p
TOROIDAL 30030V 4A + 20-0-20V JA. €10.00 £2

BLANK ALUMINIUM CHASSIS. 6 X 4in. £1.45; 8 X éin.
€180; 10 X 7in. €2.30;"12 X 8in. £2.60; 14 X 9in. £3.00;
16 X 6in. £2.90; 16 X 10in. £3.20. All 2}in. deep. 18 swg.
ALUMINIUM PANELS. 18 swg. 6 X 4in. 45p; 8 X &in. 75r~
14 X 3in_ 75p; 10 X 7in. 95p; 12 X 8in €1.10; 1€ x Sin 78p; 14
X 6in. £1.10; 14 X 9in. £].45; 12 X {2in. £).50; 16 X 10in
€1.75. ANGLE ALL 6 % 3 X fin. 18 swg. 25p.
ALUMINIUM BOXES. 4 X 4 X liin. £0. 4 X 2} X 2in £.
3 X2 X (in€l.6 X4 x2n £0.60.7 XS X Jin £2.40.

8 X 6 X 3in £2.50. 10 X 7 X 3in £3. 12 X § X 3in. £2.75.
12 X 8 X 3in. £3.60. All 18 swg with lids.

HIGH VOLTAGE ELECTROLYTICS
5p 8+8/450V

75p | 80+40/500V Q

4/350v  35p B8+16/450v  T5p $0+50/300vV  50p
8/450v  45p 16+16/450V lsg 100+100/275V  65p
32350V SOp 32+32/450V  £1.20 |50+200/275V  70p
32/500v  75p 32+432/350V 75p 220/450V  95p
50/450V  95p 32432/500v  €1.80 32+32+32/325V 90p

HEATING ELEMENTS, WAFER THIN Semi-flexlble.
11 X 9 Xpin. Operating voltage 240V, 250W approx. Suitable
for Heating Pads, Food Warmers, or Heaters, Propaga-

etc. Must be clam between two sheets of metal, etc.
BNLY Gop EACH PO FORER) ALC SR sl =

RADIO COMPONENT SPECIALISTS |

Dept. 3, 337, WHITEHORSE ROAD, CROYDON,

Closed Wed. Same day despatch.
Access-Barciay-Visa. Lists 31p.
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Tel: 0206 36412

Hillfarm Industrial Estate
Boxted

Colchester Essex CO4 5RD

NEW CATALOGUE

Our latest catalogue has just been released con
la:mng over 2000 stock lines all at extremely competitive
prices backed by Rapids retum of. post service. Stocks include
Denco coils, tools, Vero cases, data sheets etc. etc. Send 45p
fé)’rdour copy now (sent free of charge with all orders over

SRapid
YElectronics

8)2N3053
2N3054 55
2N3055 50
2N3442 120
*2N3702 &
2N3703 ¢
#2N3704 €
2N3705 e
2N3706 9
2N3707 1o
2N3708 10
2N3709 10
2N3772 190
2N3773 210
*2N3812 18
2N3820 40
2N3823 65
2N3866 90
2N3903 10
10
6
10
45
10
10
10
10
36
36
30

REGULATORS

78L0S 30 | 79L05
30
30
40
40
40

130
350
120
350

TRANSISTORS

AC125 235
AC126 2§
ACI2T 25
*AC‘?B 20

22
22

X10
*z*rxma
12
14
16
15
17
30
15
15
15
13
25
20
40
20
20
35

TRANSFORMERS

Please add carriage charges to our normal
postcharges.

Minialure mains.

606V, 909V, 12012V all @ 100mA 109p each.
PCB mounting, Miniature,

3VA 0-6, 0-6 @ 0-25A; 0-9, 0-9@ 0-15A; 0-12,
0-12 @ 0-12A, 200p each.

6VA 0-6, 0-6 @ 0:5A; 0-9, 0-9 @ 0-3A: 0-12.
0-12 @ 0-25A. 270p each.

High quality. Split bobbin construction.
VA 0-6. 0-6 @ 0-5A, 0-9, 0-9 @ 0 4A, 0-12,

0-12V @ 0-3A, 220p each.

12VA 0-6, 0-6 @ 1A, 0-9, 0-9 @ 0-8A. 0-12,
0-12@ 0-5A, 0-15,0-15@ 0-4A 295p each
(plus 40p carrlage)

25VA 0-6, 0-6 @ 1 5A, 0-9, 0-9 @ 1-2A, 0-12,
0-12 @ 1A, 0-15, 0-15@ 0-8A, 330p each
(plus 60p carnage)

SOVA 0-12, 0-12 @ 2A, 0-15. 0-15@ 1:5A,
440p each (plus 75p carriage)

LM309K

SCRS TIC4 28
(] LM317K

C106D 30
400V 8A 70 | LM317T
400V 124 93 | LM323K

POTENTIOMETERS

Rotary. Carbon track Log or Lin 1K-2M2. Single
32p. Stereo 85p. Single switched B0p.” Slide
60mmtravel single Logor Lin SK-500K. 63p each.
Preset. Submin. hor. 100 ohms-1M. 7p each.
Cermetprecision multiturn, 0 7SW }in 100 ohms
10 100K. 88p each.

Simply phone
0206 36412
with your order

HARDWARE

PP3 battery clips ép
Red or Black crocodile clips Sp
Black polnter contro! knob 15p
Pr Ultrasonlc transducers 350p
w8V Electronic buzzer 60p
#* 12V Electronic buzzer 6Sp
#PB2720 Piezo transducer

SA SV

BC182 10
*BC182L 1
BC183 10
BC183L 10

X
BSY95A 25
10

BU205 160
BU206 200
BU208 $70
MJ2955 99
MJE340 50
MJES20 65
MJES21 95
MJE3055 70
MPF102 40
b4 MPF104 40
% MPSAQ5 22
14 [BF200 30|MPSAO06 25
14 [ *BF244B22{ MPSA12 30
14 [ BF245 MPSASS5 30
30 | BF2568 MPSAS6 30
30 {BF257 MPSUOS 55
30 | BF258 MPSU06 55
lo BF259 MPSUS55 60 | VN66AF 85
MPSUS56 60 | VNBBAF 95| 2N2926
S0|LM3915 220|NES570 400
150|LM13600  120fNEST1 400
65{MC1310 150 # RC4136 68
120fMC1496 68| ¥ RC4558 60
120[MC3340  135|Si 480 170
130 |[ML922 SL490 250
65|ML924 SN76018 150
120 |ML925 SN76477 250
100 |ML926 SP8629 250
25 TBA120S 70
60 TBA800 80
350 TBABI0 96
75 *TBAB20 80
14 TBA9S0 290
TDA1008 320
* TDA1022
6

L3
TDA1024 125

BC212L 10
8C213 10
B8C213L 10
B8C214 10
*BC214L 2
BC237 L}

14

2N2221A
2N2222 A
2N2368
2N2369
2N2484
*2N2646 45
2N2904 20
2N2904 A 20
2N2905 22
2N2905A 22
2N2906 25
2N2906A 25
2N2907 25
2N2907A 25

9
TIP141 120
TiPt42 120
TIP147 120
T1P2955 60
TIP3055 S5
TIS43 40

45

CABLES

20 metre pack single core

connecting cable ten difler-

ent colours p

Speaker cable 10p/m

Standard screened

Twin screened

2-5A 3 core malns

10 way rainbow ribbon 65p/m

20 way rainbow ribbon
120pfm

* 1N4001
1N4002
1N4006
1N4007
1N5401
1N5404
1N5406
400mW zen
6

2N6027
40360

40361

40362
9]40408

TLO7Y

TLO72

TLO74

* TLO8Y

% TL082
*TLOS4
TLI70 50
* UA2240 120

4
VN46AF 75

7
]
8
4
2,

*CASZOO!“O
LINEAR ICL7106 790
555 CMOS_lICL7611 95
! s0fiCL7621 180
556 CMOs 150 [ICL7622 180
709 25/iCL8038 320
*7141 ICLB211A 200
748 IsficMr224 785
9400CJ 350 ; s

AY-3-1270 840
AY-3-8910 430,
AY-3-8912 625
CA3046 60
CA3080 65
CA3088 215
CA3090AQ

3

CA3130E %
% CA3140E 45
CA3161E 100
CA3189 290 LM348

%4017 32
CMOS |58 45

750 *1N4148
w84mm 64 ohm speaker 70p
#64mm 8 ohm speaker 70p

20mm panel fuseholder 250 BZX61 =~ Series zeners

1-3wW 4V7-39V 15p each.

SWITCHES

Submin toggl

SPST 56p. SPDT 60p. & DPDT 65p.
Miniature toggle

SPDT 20p. SPDT centre ofl 90p.

DPDT 90 p. DPDT centre oft 100p.
Standard toggle SPST 35p. DPDT 43p

#* Miniature DPOT slide switch 12p

*Push to make 12p. Push to break 22p
Rotary type adjustabie stop

1P12W 2P6W 3P4W 4P3W all 55p ea.

DIL switches

4 SPST 80p. 6 SPST 80p. 8 SPST 100p
CAPACITORS

| Polyester. Radial teads. 250V, C280 type.
0-01, 0-015, 0-022, 0-033, $p; 0-047, 0-068,

ORDERING INFO

All prices exclude VAT. Plqase add to total order,
Please add 50p carrlage to all orders under £15 in
value. Send cheque/PO or Access/Visa number with
your order. Please note new address. Calters most
welcome—we are just 10 minutes from the centre
of Colchester. Telephone orders welcome with
Access and Visa. Official orders welcome from
colleges and schools etc. Export orders no VAT but
please add carriage. All components brand new +
full spec.

COMPONENT KITS

An ideal opportunity for the beginner or the experi-
enced constructor to obtaln a wide range of compo-
nents al greatly reduced prices.

{W 5% Resistor kit. Contains 10 of each vaiue trom

14

 XR2206 300
2ZN4a14 100
ZNA23 135
ZN424 135
ZN425E 350
ZN426€ 330
ZN42TE 650
ZN428E 430
ZN459 205
ZN1034E 200

1
40
LM2917 200
LM3900 50
% LM3909 70
LM3911 120
LM39t4 200

275714055

2904059

120

100

4532 80

4019
4020
4021
4022
4023

40
60
45
50
50

45

40
40
25
25
a5
60
50
95

4060

18
18
0
52
19
28
2
28
40
95
40
21
21
23
22

4534
4538
4543
4549
4553
4555
4556
4559
4560
4584
4585

485
110
100
360
275

35

35

#LS244
*L.S245
L5247
LS251
L8257
LS258
L5259
L5266
L5273
LS279
L5283
L5353

60
70

35
35
35

30

74154 14176

14199

0-1, 7p.013 0-22, 9p; 0-33, 0-47, ‘39,068
20

p: -l

Eleclrolmc ‘Radial or axial leads.

0-47/63V, 1/63V, 2:2/63V,-4 7/63V, 10/25V,
79 22/25V, 47}25V, Bp; 100/25V 9p; 220/25V,
Np. 470/25V. 22p; 1000/25V. 30p: 2200/25V,

Tao end Power Supply Electrolytics.
2200/40V 110p; 4700{40V 160p; 2200/63V 140p;
4700/63V 230p.

Polyester. Minialure Siemens PCB.

1n 2n2, 3nd. 4n?, 6n8, 10n, 15n, Tp; 22n, 33n,
47n, 68n, $p: 100n, 9p; 150n, 11p: 220n, 13p;
330n 209. 4700, 26p: 680N, 299. LA JJp. 2u2,

4-7Q to 1M (650 resistors) 430p.

Ceramic Capacitor Kit. Contains 5 of each value from

22p to 0-01,; (135 caps.) 370p.

Polyester Capacitor Kit. Contains 5 ol each value from

0-01 to 1,F (65 caps.) 575p each

Preset Kit. Contains 5 of each value from 100 ohms to

1M (total 65 presets) 425p each.

Nul and Bolt Kit. Totai 300 items
180p.
25 6BA {” bolts 2548A 1“ bolls
25 68A ;” bolts 256BA {“ bolts
50 68A nuts 50 6BA nuts

50 6BA washers 50 6BA washers

TRIACS

400V 4A 50
400V BA 65
400V 16A 95

S0p

Tanlalum bead.
0:1,022,0-33.0-47,1°0@ 35V, 12p; 2-2,4-7,
10 @ 25V, 20p; 15/16V, 30p;: 22/16V, 27p;
33116V, 45p; 47/6v 27p: 47/16V. T0p: 68/8V.
40p; 100/10V

Ceramic disc, 2'29-0 01, 50V, 3p each.
Muyllard miniature ceramic plale.

1-8pF to 100pF 6p each,

Polystyrene. 5% toierance.

SOLDERING IRONS

Antex CS 17W Soldering iron
2-3 and 4-7 mm bits to suit
€S 17W Element

Antex XS 25W Soldering iron
3-3 and 4-7mm bits to suit
Solder pump Dssoldenng tool
Spare nozzle for abo

10 metres 22 swg solder

BR100 25

PANEL METERS

Size 60 X 46 x 35mm

0-50pA

0- IOOyA 0-500mA°
OpA 0-1A

0-50v  AC
vu

10p-1000p 6p. 1500-4700p ln 6800 0:012 10p.
Trimmers. Mullard 808 Se
2-10pF 22p. 2-22pF 30p. 5°5- 655F 35p.

oPTO
*3mm red 8 | &Smm red
“%3mm green 12 [ & 5Smm green
*3mmyellow 12 [%5mm yellow
Clips to suit 3p each.

Rectangular
w*red

4
12
12

40
40
green

yellow

T

iL38
2N5777 Dual color
Seven segment displays
Com athode Com anode

DL704 0-3" DL707 0-3"

MULTIMETERS
HT-120 4,000 opv A

smart looking 11 range
pocket sized muitimeter
with an impressive spec.
Com éeée wnlh battery
HT 320 20 OOO of
Highly sensitive ‘gv
range multimeter
including transistor
tester. Overload
protection. OC volts-
1000 AC volts-1000;
DC current 0.25A. 4
resistance ranges.
Complete with batteries,
leads etc. 1396p each.

ngh qualit
Low cost
Hi

Drili stand

95
100
105
15

07 0-
*FND500 0-5° 100 FND507 0-5"
TiL3130-3” 105 | TiL3126-3"
TiL322 0-5* 115 1 T1L321 0-5“
LCD: 31 d'ait 580p. 4 digit 620p.

CRYSTALS
290 6-0M
370 6-144M
300 7-0M
370 8:0M
300 10-0M
270 12-:0M

VERO

% Verobloc 350p

Size 0 1
s 1

magrix

EOTKETS
Low Wire-
profile
*8pin  Tp
*14pin 9p
%18 pin |OD
18 pin

BOXES

Aluminium

Plastic

With lid + screws
3210 55
43 - 3 - A}in
74

BRIDGE
RECTIFIERS

1A 50V 22|6A 100V 80
A 400V35|6A 400V 95
2A 200V40[VM1B8 DIL

2A 400V45|0 9A200V 50

rers

h quallty pliers
ire strippers
Expo Reliant Drill
Expo Titan Dritl

Small trimming tool

Small pocket screwdriver

Large pocket screwdriver

6 piece precision screwdriver
set in plastic case 17
Low cost side Cutters

side cutters

200p
Reduced shank drill bits for above
0.8mm, 1mm, 1.4mm 60p each.

CONNECTORS

DIN Plug Skt
2 pln 9p S9p
3 pln 12p 10p
S pln 13p 11p
Phono 10p 12p
1mm 12p 13p

UHF (CB) Connectors

Jack Plug Skt
2:5mm 10p 10p
3 Smm 9% 9p
Standard 16p 20p
Stereo 24p 25p
4mm 18p 17p

PL259 Plug 40p Reducer 14p
$0239 square chassis skt 36p

RESISTORS

5% Carbon film E12
serles 4-702-10M 1p each,
iW 5% Carbon film E12
series 4761 o AM7, 2p each,
§W 1% Metal film. E24 series
10£2-1M, 6p each.

20 pin
22 pin
24 pin
28 pin
40 pin

220 16-0M
249 18-0M
920 18-432
150 38-667
150 48 OM
125

FC. MATENALS

Alfac transfer sheets ~ please state type
(ev? DIL pads etc.) 485p
Dalo etch resist pen

Fibre glass board 3.75" x 8"

Famc Chioride 250m| bottle

S0 239S round chassis sochkel 40p

IEC 3 pln 250V/6A
Pluq chassis mounting
Socketiree hanging
Socket with 2m tead

* Competitive prices
Top quality components * In-depth stock

Veropins

Single sided

Double sided

Spot face cuner 105p
Pin Insert. Tool
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FIRST STEPS

The microprocessor has now been
with us for many years although few
have been used in projects for the hob-
byist. Perhaps this is because their use
has often been a more expensive solu-
tion than smaller chips in any given
project, except perhaps the “hobby
computer”. Well, PE did its bit for com-
puting with the publication of the Com-
pukit UK101 design back in ‘78 and of
course we have published various pro-
jects using dedicated micros. The PE
Bandbox, Car Computer, Robots and
Telectric being shining examples that
are going strong on the retail market.
However, the big breakthrough that
microprocessors promised has been
slow in coming to the hobbyist, until
now!

This month we take the first of a
series of steps to put that right. No, we
are not going to expand our computer
projects (even though the amazing
Ultimum Interface system starts in this
issue). What we hope to achieve is the
use of micros to expand the range and
sophistication of our projects without
necessarily making them more expen-
sive or more difficult to build.

We have decided that it's high time

the micro is used as a “regular” com-
ponent by the hobbyist and high time
that hobbyists understand the devices
more fully. With this in mind we are
launching Micro-file in this issue. This
file system will consist of a pull out
section, in the centre of each issue,
describing a wide range of
microprocessors. The section can be
extracted from the issue and filed for
easy reference.

The first Micro-file consists of an in-
troductory four page article, which will
form the covers of the file, plus the first
Datasheet and backup article on the
8080A/8085A. Each month we will
present a Datasheet plus back up infor-
mation -on a different chip, so that over
a period of about a year the sheets will
form into a file packed with data on all
the popular microprocessors. A file full
of valuable information that will enable
the hobbyist to choose and use
microprocessor chips in dedicated
applications.

CONTROL

In addition to Micro-file we are also
proud to present the Microcontroller,
which is not a project in the truest
sense: the boards come ready built at

an unbelievable price! What we have
done is commission Mike Tooley and
David Whitfield to unravel the in-
tricacies of the unit and write a monitor
program for it, so that the hardware
can be used as a “universal controller”’.

What we want you to do is to let us
know how you have applied the unit
(maybe to a robot, central heating or
overall house electrical management
system etc.) so that we can interest
others in doing something similar. To
encourage readers to do this, Display
Electronics (the Microcontroller sup-
pliers) are running a competition for
Microcontroller uses and PE will
publish any suitable winning entries —
and pay for them of course! So here’s
your chance to obtain and use a micro
system in a control application at a
very low price and maybe reap a
reward for your ideas.

We believe the time of the dedicated
micro has now come for the hobbyist in
a big way. We intend to provide the
necessary information and more, ex-
citing projects as the months go by.

EDITOR Mike Kenward

Gordon Godbold ASSISTANT EDITOR

David Shortland ASSISTANT
EDITOR/PRODUCTION

Mike Abbott TECHNICAL EDITOR

ADVERTISEMENT MANAGER
SECRETARY
AD. SALES EXEC.
CLASSIFIED SUPERVISOR
AD. MAKE-UP/COPY

Jack Pountney ART EDITOR

Keith Woodruff ASSISTANT ART EDITOR
John Pickering SEN.TECH. ILLUSTRATOR
Isabelle Greenaway TECH. ILLUSTRATOR

Jenny Tremaine SECRETARY

D. W. B. Tilleard
Christine Pocknell
Alfred Tonge 01-261 6819
Barbara Blake 01-261 5897
lan Sweeney 01-261 6601

} 01-261 6676

Technical and Editorial queries and letters

{see note below) to:

Practical Electronics,

Westover House,

West Quay Road, Poole,

Dorset BH15 1JG

Phone: Editorial Poole 671191

Wae regret that lengthy technical
enquiries cannot be answered
over the telephone

Queries and letters concerning
advertisements to:

Practical Electronics Advertisements,
King's Reach Tower,

King's Reach, Stamford Street, SE1 9LS
Telex: 915748 MAGDIV-G

Letters and Queries
We are unable to offer any advice on the
use or purchase of commercial equipment
or the incorporation or modification of
designs published in PE. All letters requiring
a reply should be accompanied by a stam-
ped, self addressed envelope, or addressed
envelope and international reply coupons,
and each letter should relate to one
published project only.

Components and p.cb.s are usually
available from advertisers; where we antici-
pate difficulties a source will be suggested.

Practical Electronics November 1982

Back Numbers

Copies of most of our recent issues are
available from: Post Sales Department
{Practical Electronics), IPC Magazines Ltd.,
Lavington House, 25 Lavington Street,
London SE1 OPF, at £1 each including In-
land/Qverseas p&p. Please state month and
year of issue required.

Binders
Binders for PE are available from the same
address as ‘back numbers at £4.60 each

to UK or overseas addresses, including
postage and packing, and VAT where ap-
propriate. Orders should state the year and
volume required.

Subscriptions

Copies of PE are available by post, inland or
overseas, for £13-00 per 12 issues, from:
Practical Electronics, Subscription Depart-
ment, Oakfield House, Perrymount Road,
Haywards Heath, West Sussex RH16 3DH.

_Cheques and postal orders should be made

payable to IPC Magazines Limited.



New Gomputer Systems

The Dragon 32 micro computer is just one of five new systems which have been
launched this month. The others include the Micro 8 from the Japanese
mainframe giant Fujitsu, the latest Colour Genie from Lowe Electronics and
from two new companies, ORIC I and Jupitor Ace.

Based around the 6809E microprocessor the
Dragon 32 has 32K of RAM, extended
microsoft basic, eight graphic pages from 512
text points to 49,152 points, nine colours and
a five octave range for both music and speech
synthesis. The unit is available from Dragon
Data Ltd., Queensway, Swansea Industrial
Estate, Swansea (0792 580651). Price
£199-50 including VAT.

The Micro 8 from Fujitsu boasts no fewer
than three microprocessors; two 6809’s which
handle 640 x 200, 8 colour dot high resolu-
tion graphics, 8 x 8 matric block graphics and
a ZB80A for use with CP/M based software.
Other features of the system include a real
time clock, 32K of Microsoft Basic, 128K of
total memory and provision for bubble
memory. The Micro 8 is available from
Minichip Limited, Enterprise House, Terrace
Road, Walton, Surrey (09322 42777). Price
£895 excluding VAT.

Lowe Electronics have added another
Genie to their range of home computers the
Colour Genie has 16K RAM, 16K ROM,
16K basic ROM, a maximum of 16 colours,

The Dragon 32

160 x 96 high resolution graphic characters
with 128 programmable graphic characters
and 64 preset characters. The Colour Genie is
priced at £199 including VAT, Lowe Elec-
tronics, Maltock, Derbyshire (0629 2430).

Oric I from Oric Products has been
designed by Tangerine Computer Systems and
is produced in two versions, both have 16
colours, one has 16K of RAM and is priced at
£99 including VAT whilst the other has 48K
of RAM and is priced at £169 including VAT.
Oric 1 uses Microsoft basic, has a sound
generator chip covering six octaves and a dis-
play resolution of 24 rows x 40 characters.

The Jupiter Ace which has been designed
by two ex-Sinclair men uses a specially adap-
ted version of the compiled language FORTH.
The unit has 8K of ROM and 3K of RAM a
memory mapped~32 x 24 character display,
a programmable sound generator and a fast
cassette interface.

Priced at £89-95 including VAT and p&p
the Ace comes complete with a mains adapter,
cassette and TV leads and a manual. Jupiter
Cantab. 22 Foxhollow, Bar Hill, Cambridge.

The Colour Genie

Fujitsu Model 8

POINTS
ARISING ...

AUDIO ANALYSER

{August—October 81)

1. In Fig. 13, the orientation of the diode
D1 is incorrect, and this component
should be reversed. The circuit diagram
is correct in this respect.

2. In Fig. 17, the component layout for the
backplane, the orientation of C115 and
C116 is incorrect. Both components
should be reversed.

3. In Fig. 17, the component layout for the
backplane, C114 is shown connected
between rails 1 and 3 (the +7-5V sup-
ply), rather than between -rails 1 and 2
{the +5V supply), as it should be con-
nected.

4. in Fig. 29, the component {ayout for the
microphone preamplifier, IC1 is shown
incorrectly orientated, and should be
_rotated so that pin 1 is adjacent to C1.
Also, the capacitor shown marked C7,
and positioned near to IC1, should be
marked C4.

5. in the parts list for the microphone
preamplifier, C7 should be shown as
47u 16V tantalum, and C8 as 4n7 disc
ceramic.

MICROBUS (SEPT '82)

it Is stated that the output of 0-255

corresponds to an analogue input of 0-5V;

in this particular case this is not correct.
It can be seen from the circuit diagram
that pins 7 and 8 of the ZN427 have been

‘joined; this in effect brings into use the in-

ternal reference voltage of the chip which is
2.55V, The statement should therefore be
“The output of 0-255 corresponds to an
analogue input of 0—2-55V",

COMBO AMPLIFIER (Aug.—Oct. '82)

A complete set of semiconductors is
‘available for this project from Hart Elec-
tronic Kits Ltd., Penylan Mill, Oswestry,
Shropshire SY10 SAF. Tel: 0691 2894.

Jupiter Ace

Practical Electronics November 1982



LAGCE

excluding VAT and p&p.
Beckman Instruments, Mylen House, 11
Wagon Lane, Shelden, Birmingham (021

BECKMAN DMMs

Beckman Instruments has introduced two
handheld- digital multimeters; the 34 digit
T100 and T110 models, both of which offer
five d.c. voltage ranges from 200mV to
1000V, five a.c. voltage ranges from
200mV. to 750V, six d.c. and a.c. current
ranges from 200pA to 10A and six
resistance ranges from 200 ohm to 20
Mohm.

Of special interest is the direct 10A
current range which obviates the need for
external shunts. The resistance ranges can
be switched to either low power for
measuring in electronic circuits without tur-
ning on diodes and transistor junctions, or
to high power for measuring resistances in
electrical circuits or out of circuit. Both in-
struments also feature a special range for
testing diodes and transistors which
provides an accurate measure of the
forward voltage drop in the diode junctions.

Diodes and transistors can also be checked
in or out of circuit. The T110 also incor-
porates a buzzer for continuity testing and
circuit tracing.

A high 10 Mohm input impedance en-
sures that measurements are hardly affec-
ted by circuit loading, and effective RF
shielding guards against external fields. Ac-
curacies are guaranteed for one year, and
eventual recalibration is very simple, as it
only requires the adjustment of two poten-
tiometers.

All functions and ranges are selected
with a single rotary switch and the 33 digit
lL.cd. features automatic decimal point
positioning, polarity, overrange and low
battery indication. The instruments will
operate continuously for 200 hours from
one standard 9V battery.

The two models T100 and T110 are
priced at £49-00 and £59-00 respectively

74277611).

Sutellite TU Receiver

When you arrive at Alexandra Pavilion for
the Electronic Hobbies Fair, the first thing
you will see is a Luxor satellite TV receiver
dish like the one shown opposite. The
system with its two metre dish will be set
up to receive programmes from the Russian
Ghorizant-3 satellite in geostationary posi-
tion 53 degrees E. The dish will be linked to
a Luxor receiver system and TV inside the
Pavilion so that visitors can see the results;
this is just one of the special exhibits that is
being arranged.

The other photo below was taken during
the third International Road Racing Show.
It gives a good impression of the inside of
the hali. What is not apparent from this
photo are the facilities available; these in-
clude three bars, two buffets, comprehen-
sive toilet facilities—including a disabled
toilet, first aid room and a baby changing
room. Of course all these are purpose built
and virtually brand new. In addition there
will be extra cafeteria facilities with an
additional area of tables and chairs, so no
one should want for anything.

The largest supplier of components to
the hobbyist—Maplin Electronic Supplies
Ltd.—had this to say about the Fair: "'The
show coming in November is the one we
are all excited about, here at Maplin. It's the
Electronic Hobbies Fair, a brand new show,
that is going to be very different from
anything you’ve ever seen before. As well
as the usual electronic stands, there will be
computers, model control, amateur radio,
CB and practical hi-fi.

Practical Electronics November 1982

“But the big plus about this show is that
the organisers have really gone to town to
provide you with dozens of extra exciting
things to see and do.”

Maplin will be devoting part of their
stand to a bank of Atari computers, each
running a different piece of software, so
visitors will be able to play with them or
just stand and watch.

Electronic Hobbies Fair, Alexandra
Pavilion, November 18th to 21st. For more
details and a 50p off voucher, see page 75.
Keep watching PE for more details of the
Fair; it will be the liveliest and most
professionally organised event ever to be
staged in this field.

Above: The Luxor satellite TV receiver
dish

Below: Inside view of the new Alexan-
dra Pavilion

7
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ZON X-81 SOU

A wide range of sound effects can be added
to your ZX-81 with the ZON X-81 Sound
Unit, now available form BI-PAK.

The unit is based on a three-channel-
plus-noise sound chip and is so designed
that the pitches and volumes of the three
channels and the overall attack/decay

envelope can be controlled by simple BASIC
statements. By this means, piano, organ,
bells, helicopters, lasers, explosions etc.,
can be simulated and easily added to ex-
isting programmes.

ZON X-81 is housed in a neat black
plastic case with loudspeaker and manual
volume control (in addition to programmed
volume) and simply plugs in between the
rear of the ZX-81 and its RAM pack and/or

printer (if fitted). No dismantling, wiring,
soldering, batteries, power supplies or leads
are required.

. An instruction booklet explains the
operation of the unit and a number of ex-
ample programs of useful sounds is also
included.

The ZON X-81 is available from: BI-PAK
Semiconductors, P.O. Box 6, Ware, Herts.
0902 3442 and is priced at £25.95 in-
cluding postage and VAT.

Briefly...

NVamal Electronics have developed a speech
synthesizer which can be directly connec-
ted to the ZX81 or the Spectrum.

The synthesizer has a standard dictionary
of about 600 words stored in an EPROM
and the user can add to these by utilising
the units 2K static RAM. The unit is
programmed via the host computer,
needing only two instructions per word.

Based on a phonetic speech synthesizer
made by Votrax of Detroit the unit which
measures 150 x 180 x 35mm comes
complete with an integral loudspeaker,
volume control and ribbon connector. There

ND UNIT

is also provision for driving an external
loudspeaker or amplifier.

The Super Talker is priced at £49-95 for
the ZX81 and £59-95 for the Spectrum
{prices excluding VAT).

Namal Electronics, 25 Gwydir Street,
Cambridge (0223 355404).

o ® 00

Readers may be interested to know that
Premier Publications are intending to do for
the Dragon what they have done for the
UK101. They are already supplying Dragons,
writing software and generally getting inside
the unit in preparation for servicing and the
design of various add on kits. This back up
will no doubt add to the Dragons attraction.
Premier Publications, 208 Croydon Road,
Anerley, London SE20 7YX.

The assets of EDA-Sparkrite Limited, which
went into voluntary receivership in July
1982, have been acquired by STADIUM
LTD. Sparkrite manufacture electronic
ignition, car security systems and in-car
computers and is based in Walsall, West
Midlands.

This change of ownership is a major turning
point for Sparkrite after the difficult
circumstances of the last few months. "
Sparkrite (A Division of Stadium Ltd.),
82 Bath Street, Walsall WS1 3DE. 0922
614791.

BEX Bournemouth Feb. 9—10 1983. The Pavilion K

Goumidown. ..

Please check dates before setting out, as we cannot guarantee the ac-
curacy of the information presented below. Note: some exhibitions may
be trade only. If you are organising any electrical/electronics, radio or
scientific event, big or small, we shall be glad to include it here.

Science and Technoloéy in 19th Century Germany Oct. 15-Dec. 14
(weekdays 12—-8pm and Sats. 10—1pm). Goethe Institut, 50 Princes
Gate (Exhibition Road), London

Video Show Oct. 16—18. West Cntr. Hotel, London Z1

Computer Graphics Oct. 19-21. Royal Gdn. & Bloomsbury Chntr.
London O

Testmex Oct. 26-28. Wembley Conf. Cntr. T

BEX Southampton Oct. 27-28. Polygon Hotel K

ISSEC (Safety, Security, Fire) Nov. 9-11. Royal Dublin Society Hall,
Ireland V

BEX Plymouth Nov. 10-11. Holiday Inn K

Compec Nov. 16-19. Olympia Z1

Hobby Electronics Fair Nov. 18-21. Alexandra Pavilion, London Z1
INTRON Nov. 23--25. RDS Dublin, Ireland V

BEX Bristol Nov. 24-25. Holiday Inn K

Northern Computer Fair Nov. 25-27. Belle Vue, Manchester Z1
Christmas Holography (+ items for sale) Dec. 2-Mar. (1983) Light
Fantastic Gallery, London A8

ElectroNORTH Dec. 7-9. Harrogate Supercentre Q

IT82 (Information Technology Year Conf.) Dec. 8-9. Barbican O
Continuous events at the National Microprocessor & Electronics Cntr.
(nr. Tower of London) L1

Peripherals Feb. 2—4 1983. Cunard Int. Hotel, Hammersmith, London
Z1

Microsystems Feb. 23-25 1983. West Cntr. Hotel, Fulham, London
Z1

CAD North Mar. 1-3 1983. Belle Vue Ex. Cntr. Manchester Z1
Mailing Efficiency Mar. 1-3 1983. Bloomsbury Cntr. Hotel, London Z
Local Networks Mar. 8—10 1983. Royal Lancaster Hotel, London O
Laboratory Edinburgh Mar. 16—-17 1983. Assembly Rooms, George
St.E

Brighton Electronics March 1983 T

BEX Leeds Mar. 16-17. Dragonara Hotel K

INSPEX Mar. 21-25 1983. National Exhibition Cntr. Birmingham In-
ternational Z 1

Sensors & Systems Mar. 22-24 1983. The Forum, Wythenshawe T
Compec Wales Mar. 22-24 1983. Cardiff University Z1

ETM (Electronic Test / Measurement) Mar. 22-24 1983. The Forum,
Wythenshawe, Manchester T

Laboratory Manchester Mar. 23—-24 1983. New Century Hall, Corpor-
tation St. E.

American Holography Mar.—June inc. Light Fantastic Gallery, Covent
Garden, London A8

All Electronics Show April 19-21 1983. Barbican Cntr. London E

Holographic Exhibitions £ 01-836 6423
Evan Steadman {0799 22612

Douglas Temple Studios #0202 20533
World Trade Cntr., Europe Ho., London E1
Online £09274 28211

Exhibitions For Industry {08833 4371
Trident {0822 4671

SDL Exhibitions ¢ Dublin 763 871

BETA Exhibitions {01-405 6233

IPC Exhibitions £ 01-643 8040

NN<=HOOD R M »

Practical Electronics November 1982



Probably the fastest microcomputer
in the universe

the JUPITER ACE only £89.95.

Key Features

Revolutionary microcomputer language FORTH.
Fuil-size moving-key keyboard.

User-defined high-resolution graphics.
Programmable sound generator.

Floating point arithmetic.

Fast cassette interface.

Upper and lower case ascii character set.

24 x 32 character flicker-free display.

The Jupiter Ace uses FORTH

The Ace is set apart from all other personal computers on the
market by its use of a revolutionary language called ‘FORTH'.
Some computer languages aré easy for humans to understand,
others are easy for computers; FORTH is most unusuat in being
both. Its underlying principles are so simple that it takes even a
newcomer to computers only a few minutes to iearn how to do
calculations on the Ace, yet the very same principles are powerful
enough to allow you to invent your own extensions to the
language itself.

At the same time, the memory-saving coded form used to store
your programs inside the Ace allows it to obey them very fast —
typically in less than a tenth of the time it would take to do the
same thing using a different language. Amongst other things, this
makes the Ace ideal for games.

FORTH's unique combination of speed, versatility and ease of
programming has already made it a prime choice for professional
applications as diverse as pub games and radio telescopes, and
gained it an enthusiastic national user group. Now the Jupiter Ace
can bring this addictive language into your own home.

Designed by Jupiter Cantab

Leading computer Designers Richard Altwasser and Steven
Vickers have a reputation for pushing technology forwards. After
playing the major role in creating the ZX Spectrum they formed
Jupiter Cantab to develop their latest brainchild the Jupiter Ace.

JUPITER CANTAB, 22 FOXHOLLOW, BAR HiLL, CAMBRIDGE CB3 8EP

Practical Electronics November 1982

All inclusive Price

For £89.95 you receive your
Jupiter Ace, a mains adaptor, all the
leads needed to connect to most
cassette recorders and T.V.s {colour
or black and white), a software
catalogue and a manual.

The manual is a complete
introduction to the world of
personal computing and a course in
FORTH programming on the Ace.

Even if you are a complete
newcomer to computers, the
manual will guide you step by step
from first principles to confident
programming.

The price includes postage
packing and V.AT.

Technical Specification

Software, FORTH

Data Structures

Integer, Floating point and
String data may be held as
constants, variables or arrays
with multiple dimensions and
mixed data types.

Control Stuctures

IF-THEN-ELSE, DO-LOOP,
BEGIN-WHILE-REPEAT, BEGIN-
UNTIL, ali may be mixed and
nested to any depth.

Hardware

Processor/Memory
Z80A running at 3.25 MHz.
8K bytes ROM 3K bytes RAM.

input
40 moving-key keyboard with
auto-repeat on every key.

Output

Memory-mapped 32 x 24
character display with high
resolution user graphics. Output

to drive normal UHF TV set on  Operators
channel 36. Mathematical +, —, X, +.
Logical AND, OR, NOT,
Sound XOR.
Provided by internai Comparison <, >, =.
loudspeaker. Program Editing
FORTH words may be listed,
Cassette

edited and redefined. Comments
are preserved when words are
compiled.

Load Save & Verify at
1500 baud, separate data
storage.

Order Form ‘23) .

I The Jupiter Ace is available only by mail order. Please allow up to |
| 28 days for delivery.

Send 'cheque or postal order with the form to:—
JUPITER CANTAB, 22 FOXHOLLOW, BAR HILL, CAMBRIDGE CB3 8EP
| Please send me:—

I

|

: O JuPITER ACE MICROCOMPUTER(S) @ £89.95. :
| Name. Mr/Mrs/Miss |
|

|

I

|

|

|
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PART ONE

HE PE Microcontroller is an assembled pro-
ject which is based around the 6800 micro.

Long term success for any product is usually
assured if it is cost effective and if it can easily
be adapted to meet any new requirements. The
more adaptable the tool, the more successful
and durable it is likely to be. Nature provides an
example of a highly versatile tool in the human
hand, which is capable of performing an ex-
tremely wide range of intricate tasks. It is,
however, only with the advent of the
microprocessor that the idea of the general pur-
pose electronic controller has become a prac-
tical proposition. Such controllers still have a
long way to go before they are able to rival the
flexibility and ease of programming of the
human hand. Programmable controllers are,
nevertheless, now able to offer some significant
advantages over the dedicated controllers of the
last decade, and increasingly at prices which are
acceptable to the home constructor.

This Microcontroller was originally designed
to form the intelligent "heart’ of a mass produced
commercial product. The basic design, however,
followed conventional guidelines, and the final
controller is a good example of a general pur-
pose programmable controller. A wide range of
control facilities are available within the basic
controller, and users should have little difficulty
in adapting it (often simply by writing a suitable
control program) to a wide range of new ap-
plications. Practical applications will be dis-
cussed in later issues, together with details on
how to program the 6800 microprocessor which
is the CPU in the Microcontroller.

MICROCONTROLLERS

A microprocessor which is used to control a
system (i.e. a microcontroller) must be capable
of accepting input information, responding, and
outputting appropriate signals to implement the
required control action. A typical micro-
controller arrangement is shown in the block
diagram of Fig. 1.1. It can be seen from this
figure that the input/output signals may require
signal conditioning so that their forms and levels
become compatible with the input/output inter-
face elements. In many cases, however, no such
conditioning is necessary, and indeed it is one of
the aims of any general purpose microcontrolier
that the amount of conditioning circuitry is kept
to a minimum. In the 6800 microprocessor
family, interfacing is greatly simplified by the
availability of a range of versatile and program-
mable interface adaptors, making the 6800 well
suited to controller applications. The four
paralle! interface adaptors in the system can
each provide up to 16 separately controllable
input/output lines.

An important feature of any programmable
controller is that its function may be changed by
modifying its control program. Thus, in many
situations, the age-old call of “"Back to the draw-
ing board”, becomes “Back to the keyboard".
This feature also allows the function of a con-
trolter to be modified during production without
the need for any changes to be made to the
hardware. This is one of the reasons that the use
of erasable PROMS in early production units is
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Fig. 1.1. Typical microcontroller arrangements.

so popular! Alternatively, the same hardware may be sup-
plied to different customers, but with different control
programs to enable them to perform significantly different
tasks. An example of this is the way in which a manufacturer
will market a range of pocket calculators all in the same
case, using the same keyboard and internal hardware, but
which are personalised for different applications (engineer-
ing, finance, surveying, etc.).

This system is rather more than a simple microcontroller.
The keyboard and display which are provided may be used in
two different ways. The first way uses them as part of the
control application, with the keyboard for inputting com-
mands, and the display for information output. The keyboard
and/or display may alternatively be unplugged and different
peripheral hardware substituted, in addition to that connec-
ted to the usual control ports. Such applications will have
user-defined control programs to perform the necessary
functions, e.g. central heating/lighting control, multi-
program time switches, PROM programming, etc.

The second way in which the keyboard and display may
be used is in conjunction with the DISBUG monitor
program, which is supplied in permanent memory. This
allows the user to develop his own applications control
programs, and provides facilities to control the program ex-
ecution, and to debug the program. The user program itself
may then re-assign the keyboard and display for application-
dependent functions. The DISBUG program cannot be
overwritten by user programs, and the user can always
return to DISBUG to continue debugging of an applications

program which has run out of control.

The applications for the Microcontroller are therefore
limited only by the ingenuity and imagination of the user; the
best application offered for the unit is the subject of a com-
petition details of which are given at the end of this article.

SYSTEM HARDWARE DESCRIPTION

The Microcontroller is a 6800 microprocessor-based
system which is ideally suited to programmed control in a
wide variety of applications. A block schematic for the
Microcontroller is shown in Fig. 1.2. This diagram shows the
6800 configured in a conventional fashion with an 8-bit data
bus, 16-bit address bus, and a control bus. The arrangement
supports the full 64Kbyte addressing range of the 6800,
while leaving scope for further expansion.

The 6800 is designed to use programmable memory-
mapped peripheral devices. The system has four program-
mable interface adaptors (PlAs), each of which has 16 in-
dividually programmable input/output lines. One of these
PlAs is dedicated to the keyboard, the second drives the gas
discharge display, and the remaining two are available for
user applications. The capabilities of the PIA devices are
discussed in greater detail in a subsequent section, and at
length in a later issue.

The Microcontroller has 1024-bytes of RAM, which is
provided with integral battery back-up to safeguard against
program loss in the event of power failure. The board has
facility for the inclusion of a 32-byte ROM, originally inten-
ded for “personalising” units. This ROM is unused in the
basic system. Permanent memory is provided for storage of
the monitor program (DISBUG) by a 2048-byte EPROM.
The circuit configuration does, however, allow the use of up
to 8196 bytes of permanent memory.

An address map for the system is shown in Fig. 1.3. The
addresses shown are all given in hexadecimal notation;
areas shown with dotted line boundaries are available for
use, but are not utilised in the basic unit. Users should be
aware that full address decoding is not always employed,
and that some address images do occur.

Two crystal controlled clocks are incorporated in the
Microcontroller. The first is the master system clock which
provides the basic timing for the microprocessor and the
buses. In addition, it incorporates facilities for synchronising
the start-up and reset sequences. The second oscillator is a
real time clock, operating at 1Hz, which is connected to the
display PIA. This clock may be configured under program
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Fig. 1.2. Block schematic of the Microcontroller.
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PN s FFFF: 40-pin d.i.l. package, and reqguires only a single +5 volt sup-
(B-1: MON o A .
R oTR ply. The main processor requires a 2-phase non-overlapping
EPROM clock to control its operation. The basic processor cycle time
§90Q is one quarter of the oscillator's crystal frequency.
. The CPU device includes an 8-bit bidirectional buffer for
-------- the data bus, and a 16-bit unidirectional address bus buffer.
These buffers will each drive a single TTL load; each stan-
KEYBOARD :gg; dard peripheral device imposes a significantly lower load.
R The programming model, given in Fig. 1.5, shows the
—= - registers which are available to the user. Two general pur-
PIA 1800 pose 8-bit accumulator registers (rA and rB) are provided for
arithmetic and logic operations. A 16-bit index register (In) is
u:EAR - ::gg available for indexed addressing modes of many instructions.
I L 4 q a A
The 16-bit program counter (PC) is maintained automatically
USER 1003 by the CPU, and holds the memory address of the next in-
PIA 1000 struction to be executed. The 16-bit stack pointer (SP)
o= e > o - . 0CIF 7 [
ROM | ra I ACCUMULATOR A
ocoo 5
e o= e - o — 0
03FF 15 0
RAM { in | NOEx REGISTER
(&0 0000 TS 0
Fig. 1.3. Address map for the Microcontroller L ke | PrOGRAM couNTER
15 0
0 . . . 51 STACK POINTER
control to provide regular interrupts, which are essential for [ : 1
any time dependent applications. [T TR Is[z]v]c] conortion cooes resister
Separate from the main Microcontroller board are the —[
gas discharge display, keyboard, power supply and mains CARRY(FROM BIT 7)
transformer. Peripheral equipment to be controlled is con- OVERFLOW
nected to the main board by a multi-way ribbon cable. b ztRo
s NEGATIVE
ARCHITECTURE OF THE 6800 FAMILY — L — INTERRUPT
The 6800 is an 8-bit microprocessor whose internal (aass ! L HALF CARRY(FROM BIT3)
architecture is shown in Fig. 1.4. The device is supplied in a Fig. 1.5. 6800 programming model.
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Fig. 1.4. Internal architecture of the 6800.

22

Practical Electronics November 1982



indicates the next free location on the push-down user stack.
The stack pointer must be initialised by the user, but there-
after is maintained by the CPU. Finally, the condition code
register {CCR) is used to indicate CPU and interrupt status.
Only six bits of the CCR are used, the remaining two being
permanently set HIGH.

Arithmetic and logic operations are performed by the:

arithmetic and logic unit (ALU). Operations may take one or
two operands, depending on the instruction. Operands may
be the contents of registers and/or memory locations. ALU
operations set various bits within the CCR, depending on the
instruction and the result of the operation.

The 6800 provides interrupt facilities for software in-
terrupts, user interrupts, non-maskable interrupts and also
for system reset. User interrupt requests may be masked un-
der program control. The addresses of the interrupt service
and reset service routines are defined as the top eight bytes
of the 6800’s memory. The Instruction decode and control
unit handles interrupt requests, provides bus control signals
and executes instructions. Details of programming the 6800
will be given next month. )

The 6821 peripheral interface adaptor (PIA) provides a
universal means of parallel interfacing to peripheral equip-
ment. The PIA interface uses two 8-bit bidirectional buses
and four control/interrupt lines. Fig. 1.6, shows the internal
architecture of the 6821 PIA. The CPU sets up the PIA's
functional configuration under program control. The
peripheral data lines, PAO to PA7 and PBO to PB7, can each
be configured either as an input or as an output. Consequen-
tly, any combination of inputs and outputs is possible, up to

the maximum of 16 lines. The four control/interrupt lines,
CA1, CA2, CB1 and CB2, may also be configured to act in
one of several modes for handshaking with peripheral equip-
ment. All PIA peripheral data lines may drive up to two TTL
loads, with CMOS drive capability on PAO to PA7.

Internally, the 6821 contains two independent sections
each comprising an output register, control register, and
data direction register. Separate interrupt status control is
provided, together with an interface buffer, for each group of
eight peripheral lines. Data is transferred to the output
registers during a CPU WRITE operation via the data bus
buffers and input register. Where a particular peripheral line
has been programmed as an output, data will be transfered
to this line. Where a particular line has been programmed as
an input, data will be transferred to the system data bus
from this line during a CPU READ operation. Multiple chip
select lines simplify the selection of a particular PIA where
several have been used. Timing is provided by an ENABLE
signal derived from the 6800. Part of the address bus is ex-
ternally decoded to select the required PIA, and usually the
two least significant address bits are used to select the
appropriate register within the PIA.

DISBUG MONITOR FACILITIES

A program of instructions is required by the CPU in order
to make any use of the hardware facilities offered by an in-
telligent controller. It is this feature which distinguishes be-
tween dedicated and programmable controllers. The func-
tion of a programmable controller may be changed simply by
the installation of a different control program; this may be
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Fig. 1.6. Internal architecture of the 6821 PIA.
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accomplished in a number of ways. In mass production ap-
plications, programs are written on development systems
and then stored in the permanent memory of the controller.
The function of the Microcontroller, however, is user-defined
and therefore facilities must be provided to enable the user
to develop his own control programs. These facilities are
provided by the DISBUG monitor program which resides in
permanent memory, and thus cannot be over-written. User
programs are stored in the RAM area, allowing them to be
developed in a modular fashion.

The facilities provided by a monitor program should in-
clude the following:—

1. An interface between the user and the system.
2. The means to input and modify programs.

3. The ability to contro! the execution of programs.
4. Debugging facilities.

The interface between the user and the system is provided
by the keyboard and the display. The DISBUG monitor scans
the keyboard for user commands, and uses the display to
output results. The keyboard layout is shown in Fig. 1.7.

The keys are essentially divided into two major groups;
numeric keys and command/control keys. The com-
mand/control keys are associated with five major groups of
monitor functions:—

1. Memory examine and change.
2. Register examine and change.
3. Setting of breakpoints.

4. Memory presets.

5. User program contro!.

The facilities offered are outlined below and will be ex-
amined in detail in a later issue.

REGISTER EXAMINE AND CHANGE

The user may examine the contents of any of the 6800’s
registers after a breakpoint has been encountered. The
REGISTER key is used to invoke the register editor, and
changes may then be made before the program proceeds
from the current breakpoint. Registers are displayed in a
cyclic fashion, as shown in Fig. 1.8. The 16-bit registers are
displayed in two stages, lower and upper bytes in turn. Other
editing facilities are similar to those in the memory editor.

MEMORY PRESETTING

Areas of RAM may be present to user-defined values by
using the preset editor. This facility is useful for initialising
RAM to known values, e.g. all zeroes, filled with NOP in-
struction codes, etc. The preset editor is entered using the
PRESET key, and pointers are then set up to indicate the
bottom and top of the RAM area to be filled. The preset
value is input, and this is then written to each location in the
range specified, including the two extreme addresses.

SETTING BREAKPOINTS

Temporary halts or breakpoints are a useful aid to
debugging user programs. They enable the programmer to
split the program into convenient blocks so that each block
may be tested separately. Breakpoints are set and reset us-
ing the breakpoint editor, which is entered by pressing the
BREAKPOINT key. Up to four breakpoints may be set in the
user program and, when a breakpoint is encountered, the
user may examine the register contents using the register
editor.

E D 7 8 9 REGISTER PF1 . Go
F (] 4 5 6 BREAKPOINT PF2 1/2 PROCEED
SHIFT B 1 2 3 PRESET P %k RESTART
A
N
. c
E
L
b - 4 A o ENTER MEMORY NEXT PRIOR

Fig. 1.7. DISBUG keyboard layout. Note this artwork can be cut out to label the user definable key tops.

MEMORY EXAMINE AND CHANGE

The contents of any memory location may be examined
and (optionally) changed using the memory editor. This func-
tion is also used for entering programs into the user RAM
area. The user may specify any address in the 6800 address
space, i.e. 0000 to FFFF. Over-writing the DISBUG RAM
area may have unforseen consequences, although writing to
ROM addresses will have no effect.

The memory editor is invoked by pressing the MEMORY
key, and the numeric keys O to F are then used to specify the
four-digit memory address to be examined. The contents
may then be changed, if required, and the editor then exited,
or the next/previous memory location examined. The CAN-

CEL key allows the user to abandon any uncompleted.

memory change.

24

USER PROGRAM CONTROL

GO: The user program is started using the GO function
key. After pressing GO, the user enters the start address
from which program execution should commence. The
ENTER key is used to initiate execution, or CANCEL may be
used to abandon the function.

PROCEED: The user program may be caused to continue
from a breakpoint using the proceed function. After
PROCEED is pressed, ENTER restarts program execution, or
CANCEL abandons the command.

RESTART: The RESTART key is used to re-initialise the
DISBUG monitor program. The DISBUG RAM area is reset
to its initial values, and the welcome message appears. The
user RAM is unaffected by this function. A restart has the
same effect as entering DISBUG at power-up, but without
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REGISTER A (ra)
/
REGISTER B (re)
INDEX REGISTER (InL & 1n H)

STACK POINTER (5P L & SP H)

/

PROGRAM COUNTER (PC L & PCH)

CONDITION CODE REGISTER €cCr)

Fig. 1.8. Register display sequence.

the need to interrupt the mains supply. The CANCEL key
may be used in place of the ENTER key to abandon a restart.
This function is particularly useful for re-initialising the
keyboard and display PIA's.

SOFTWARE FACILITIES

Various software aids are available within the DISBUG
monitor program to assist the user in developing control
programs. These aids are subroutines which may be called
from RAM based code. The functions and interfaces for
these routines will be described in a later issue.

CIRCUIT DESCRIPTION

The circuit diagram for the Microcontroller is shown in
two parts. The CPU, clocks, memory and the CPU side of the
PlAs appear in Fig. 1.9. The keyboard, display, output drivers
and the peripheral side of the PIAs are shown in Fig. 1.10.
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When interfacing in control applications, the primary con-
cern is with the logic shown in the second of these drawings.
Applications programs, and the monitor program used to en-
ter and control these programs, reside in the memory and
are executed by the hardware shown in the first figure.

A discrete Colpitts crystal oscillator, formed by TR1 and
associated components, provides the master timing signal.
The crystal operates in series resonant mode to produce a
signal at 3-579MHz. The oscillator output is taken from the
collector of TR1 and applied to the clock generator, {C1. The
-clock generator provides the necessary non-overlapping
two-phase clock, producing a CPU cycle frequency of
894.75kHz, i.e. at one quarter of the frequency of the
master timing signal. Qutputs are also provided for memory
synchronisation, and for the system reset signal.

The 6800 CPU is arranged in a conventional small system
configuration, with no additional bus buffers required.
Memory address decoding is provided by IC6 and IC25a.
The HALT and NMI interrupt request lines are unused, and
are therefore held HIGH by R7 and R5, respectively. The IRQ
user interrupt request line is connected to the four PlAs, any
one of which may assert this line, thereby causing a user
interrupt request.

The four PIAs, IC11, IC12, IC13 and IC14, are all connec-
ted to the full width of the CPU data bus. Also connected to
the PIAs are the system RESET signal from the clock
generator, and the CPU R/W signal. The_address decoder,
IC6, provides an active low chip select (CS) to a PIA when
one of its register addresses is output by the CPU. Four of
these chip select outputs from IC6 are connected to the ap-
propriate CS2 pin on the four PIAs. The CSO and CS1 pins
on all PlAs are unused, and are connected to +5 volts via
R39. The two least significant lines of the address bus (AQ
and A1) are connected to the register select inputs (RS1 and
RSO, respectively) on the PIAs. The correspondence be-
tween the address value and the PIA register selected is
shown in Table 1. A0 and A1 have no effect on the PlAs
unless the CSZ in the PIA in question is held LOW by the
address decoder.

The 1Hz real time clock is provided by IC2. This device is a
24-stage frequency divider which incorporates a conven-
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tional CMOS oscillator stage. A single inverfing stage,
biased into the linear region by -R30, generates the fun-
damental clock at 4:-194MHz. R32 reduces the crystal drive
and improves the stability and accuracy of the oscillator. The
oscillator output is set to standard logic levels by R33 and

A1l AO PIA Register Selected
(RSO) (RS1)
0 0 PIA output register A
0 1 PIA output register B
1 0 P1A control register A

PiA control register B
TABLE 1 Correspondence between address lines and PiA
registers selected.

R34. The 1Hz output is applied to the CB1 line on the dis-
play PIA, IC12.

The RAM storage in the Microcontroller is provided by
two 1024 x4-bit very low power memory devices, IC8 and
IC9. These are arranged to provide 1024 bytes of storage.
The two RAM devices are de-selected whenever the main
+5V supply is absent, thus preventing inadvertent memory
corruption. The memory contents are retained by the on-
board Ni-Cad battery supply, B1. This battery has a capacity
of 90mA/h, and during normal operation it is trickle charged
at a nominal 4mA rate by means of R10. Control logic
devices IC7 and IC15 are also supplied from B1 during
power failure.

The gas discharge display is connected to the display PIA,
IC12, via three high voltage drivers, IC20, IC21 and 1C22.
The display unit is multiplexed in the conventional manner
under software control.

The keyboard is connected as a matrix between the A and
B halves of the keyboard PIA, IC11. The three-to-eight line
decoder I1C23, simplifies the software scanning of the
keyboard.

The user PIAs, IC12 and IC14, are available at connector
“D” via four 12V high current drivers, IC16 to IC19. The
function of these PlAs is, of course, user definable.

INTERCONNECTIONS

1) Check that the thin blue and white wires on the mains
transformer primary are connected together via an insulated
connector block.

2) Remove the spade and tag connectors from the yellow,
red, and green/yellow thin primary wires, N.B. do not remove
the 4-way connector socket from the secondary wires.

3) Connect a good quality 3-core mains lead to the mains
transformer, via a mains fuse (1 amp) and double pole on/off
switch, as follows:

red = live
yellow = neutral
green/yellow = earth

The inclusion of a mains indicator neon, after the switch,
is recommended.

4) Connect the mains transformer secondary lead to the
power supply board by inserting the socket into the 4-pin
connector labelled “'C”. Note that this connector will only
mate correctly when properly inserted.

5) The power supply and Microcontroller boards should
be linked together by mating the 11-way connectors marked
“A” on the two boards.

6) Connect the 20-way ribbon cable from the display to
plug “B” on the Microcontroller board, noting that the con-
nectors are polarised.

7) Connect the 20-way ribbon cable from the keyboard to
plug “C” on the Microcontroller board, again noting the
polarisation of the connectors.

8) Connector "D” is utilised for interfacing the Micro-
controller to the user’s peripheral equipment.
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HARDWARE MODIFICATIONS

To set up the Microcontroller the following steps should
be carried out. )

1) Obtain a good quality 24-pin d.i.l. socket and bend pins
18 and 21 outwards at right angles. Remove any PROMs
which may be supplied fitted in IC3 and, on some units only,
in IC26 positions.

2) Insert the modified d.i.l. socket into the existing holder
for IC3, taking care to observe correct orientation.

3) Using a short length of tinned copper wire, connect pin
18 of the new socket to the OV rail; this is the wide p.c.h.
track which runs on the top of the board between IC3 and
IC5 (the 6800 CPU).

4) Using a 0-25W 1 kohm miniature carbon resistor, con-
nect pin 21 of the new socket to the +5V rail; this is the
medium width p.c.b. track which runs on the top of the
board between pin 24 of IC3 and one end of C4.

5) Insert the DISBUG monitor EPROM into the new
socket in the IC3 position, taking care to observe correct
orientation.

6) Turn the display board over. The display unit has pins
which are numbered from 1 to 30, with pin 14 missing. Pin
1 is identified on the p.c.b. Connect a short length of in-
sulated connecting wire between pin 7 (previously unused)
and pin 22.

7) Remove the key tops marked “-" and “4" and replace
them in the positions shown in Fig. 1.8. The key top which
they replace should be relocated to fill the two gaps. The
keys should all be labelled as shown in the diagram.

SWITCHING ON

1) Connect the mains supply, switch on and observe the
DISBUG monitor “welcome’ message on the display.

2) Should no display occur, check the voltages on connec-
tor “A” using a multimeter of 20 kohms/vo!t or better.
Typical voltages expected are as follows:

A1l +5V A5 +3.8V A9 +42V
A2 +4.3V A6 0OV A10} 5V
A3 0OV A7 0OV A11} AC
A4 +4.2V A8 +19Vv

Any significant deviation from these values should be in-
vestigated. Also check that the DISBUG monitor EPROM
has been correctly inserted, and that the voltage on pin 18 is
OV, and that the voltage on pin 21 is greater than +2V.

COMPETITION

The Microcontrolier competition is being run by Display
Electronics to find the most practical application for the
system.

The winning entry, which will be considered for publica-
tion in PE, will receive £300 in cash or goods from Display
Electronics to the value of £400.

Full details of the competition together with an entry form
and a copy of the rules are availabie from Display Elec-
tronics.

PRICES

The complete Microcontroller system {excluding the case} is
available for £32-95 plus VAT and p&p or separately at the
following prices: main board £10.95, p.s.u. board £7.75,
keyboard £5-50, display board £4.75, Disbug £5.25,
40 way 1/O cable £1-45 and 20 way /O cable £1-25 . A#l
prices exclude VAT and p&p.

Display Electronics, 64-66 Melfort Road, Thornton
Heath, Surrey 01-689 7702. The case is available from
West Hyde Developments, Unit 9, Park Street Industrial
Estate, Aylesbury, Bucks.

NEXT MONTH: P.S.U., DISBUG and 6800 programming.
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A Year to Go

Nudges and winks of a general election
within a year, perhaps sooner, added little
to the theatre which passes nowadays for a
political conference. The stars of their
respective shows, Michael, Tony, Roy,
Shirley, David, Maggie, Willie, loved,
despised, hated according to party taste, all
performed competently. But however
clearly they argued their case it still needed
a small army of media pundits to clarify and
re-interpret every word. Discussion and
comment seemed endless, the end result
negligible.

The struggles between the parties were
less interesting than the struggles within
them, enlivened by new entrant, SDP, in an
as yet still uneasy alliance with the Liberals.
internal squabbles can be papered over but
not totally concealed. They are in every
party but never more so than in Labour
where all the conciliating skill of Michael
Foot appears to be unavailing.

Looking back over several conference
seasons and their subsequent influence on
events, very few of the hopes expressed
have been achieved, particularly in the
economy because politicians, like the rest
of us, willy-nilly are victims of fundamental
shifts in other economies which, by nature
of our world trade, necessarily interact with
our own.

An often overlooked fact is that the sup-
posed hard-line present government con-
tinues to pour billions of subsidy into coal,
steel, shipbuilding, railways, airlines and
motor manufacture in the best socialist
tradition. The National Health Service cost
£7-7 billion in 1978-79. Today the govern-
ment is trying to contain costs within twice
that figure. This is the measure of the
problem that this government, or any other,
has to face. Now in its fourth year it has
gone some way to arrest the downhill slide,
in a few areas to reverse it. Painfully slow
progress but progress nevertheless with
electronics shining, the rest of industry
remaining dull.
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Spy Scare

The Japanese are nothing if not single-
minded. For centuries theirs was an
isolated nation, having no truck with
foreigners. in this century they became
dedicated to military conquest. Frustrated
in this attempt they turned to industrial and
trade war, so far with conspicuous success.
No other nation has so mobilised itself to
the single purpose of industrial supremacy
on a world scale when military conquest
has failed. The nearest parallel is equally
defeated West Germany whose own
‘economic miracle’ is now faltering.

Every company likes to know what its
competitors are doing and planning. But it
still came as something of a shock that
allegations are made that Hitachi and Mit-
subishi have both been conspiring to obtain
the trade secrets of IBM. Both companies
have been indicted in US courts. Hitachi is
reported to have admitted paying large
sums (some £250,000) for information but
denied knowing it had been stolen. Mit-
subishi is reported to have denied unlawful
conduct and will offer a vigorous defence
against all charges.

Apparently the FBI set a trap by setting
up a computer dealing company in Silicon
Valley which looked genuine but was in fact
bogus. Approaches were made to Japanese
executives that confidential IBM docu-
ments could be provided—at a price. First
contact, face-to-face, with an FB} under-
cover agent was, appropriately, in vice-city
Las Vegas. The ‘story, doubtless to be
revealed more fully in court hearings, in-
cludes penetration of a building for
photographic sessions and undercover pay-
ment in 100-dollar bills.

Whatever the outcome of these charges
there is no question that they have opened
another can of worms in the industry. For
example it has re-opened the whole ques-
tion of US technology leaking to other
countries. One way of getting hold of a
technology is by poaching engineering
staff. A newly employed engineer should
not, in theory, betray the secrets of his for-
mer employer, but even if he doesn't it is
inevitable that ideas and techniques he has
developed in his old job will be applied in
his new employment. On a larger scale,
another method is to buy a company out-
right or a big enough share to guarantee a
place on the board. Examples are Philips
buying Signetics and, more recently,
Schlumberger’'s purchase of Fairchild. Then
there are numerous cross-licensing deals
which give a technology exchange between
companies and also across national boun-
daries.

What worries the Americans is that US
advanced technology can reach the Soviet
Union through channels over which they
have little or no control. If, say, a-French
company has acquired US know-how
through acquisition of an American com-
pany, it can be regarded equally as'French
know-how and would need to be very sen-
sitive (e.g. military security) not to be sold
openly in the French manner, or indirectly
through a third country acceptable to the
West but having close links with the East.

So far, foreign ownership of electronics
companies in the United States is mainly
European and Japanese. But now, accord-
ing to one report, the People’s Republic of
China has a half interest in a new semicon-
ductor factory now building. It is hardly
likely that the Soviet Union would be
allowed equal access. But an awful thought
remains. What if they have already done so
through nominees? If the FBI can dupe the
Japanese, why not the Soviets the USA?

Fifth Generation

The immediate practical objective in the
secrets probe at |IBM was to come to the
market with plug-for-plug compatible
products to sell to IBM users. A longer term
objective could well have been fifth genera-
tion computers which are planned to have a
high order of artificial intelligence and in
specialist applications are already being
described as expert systems. They should
be with us in the 1990s, if not earlier.

Such machines will need to be ‘friendly’
in the sense of being uncomplicated to use.
Most of the hardware is available today but
capable of further development. Voice
entry, for example, rather than keyboard,
and voice response with optional print-out.
Assume a medical expert system. A GP*
may address it, describing a patient's
symptoms, and get an instant diagnosis
and suggested course of treatment as if the
GP is in conversation with a top consultant.
Which, indeed, he or she would be because
massive storage would house the accu-
mulated experience and judgement of the
best medical experts. The secret, as usual,
will be in very advanced programming.

The snag lies in validation of the
knowledge stored. In the medical example
a mistake in programming could cost lives.
And, of course, ‘experts’ are often proved
wrong. The computer, with its phenomenal
calculating power, programmed with the
best economic models, has hardly been a
success in management of our own and
other nations’ economies.

Nonetheless, expert systems are on the
way and the Japanese are investing a
reported £200 miilion of government funds
in a ten-year development programme plus
possibly £500 million or more from
Japanese industry. It all sounds very am-
bitious until we are reminded, as happened
at a recent conference on the topic, that
IBM spends as much in a year on R&D as
the whole Japanese ten-year programme.

Anyway, it would be foolish to ignore
progress and although it would be difficult
to match the fevel of investment of the
Japanese or the Americans, there is no
doubt that British engineers and companies
will be involved in expert systems. On the
commercial front Racal have been first to
announce an Expert Systems Division
which will initially concentrate on oilfield
exploration requirements and later expan-
ded to such applications as medicine,
finance, energy, industry and defence.

The new breed of super programmers
generating artificial intelligence also have a
new name to distinguish them from run-of-
the-mill hacks. They are to be knowledge
engineers.
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Ultimum

20 UILE;
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HE alarming rate at which personal computers have been

introduced over the last couple of years may demonstrate
a healthy growth market, but it doesn’t help those who
already took the plunge and are now left with a less capable
machine. It matters little when you bought your computer, it
is almost bound to be superceded by the next model in the
range, and you are left with little or no support, and just like
hi-fi five years ago, the only way out is to cut your losses and
upgrade to one of the newer machines.

THE ULTIMUM!

The ULTIMUM has been designed to allow almost any 8
bit computer to be expanded into a much more flexible
system. It is modular, which makes custom systems possi-
ble, and it offers features which should whet the most
megalomaniac appetite.

The ULTIMUM itself is a seven slot expansion board
which connects to your computer via a 40 way ribbon cable.
A purpose built case. is available which will house a power
supply, man enough to handle a fully expanded system.

Over the coming months, we shall be introducing several
daughter cards. Below is a brief summary of the range:

R -
%* A 16/64 KByte RAM card with paging.

* A ROM/RAM/Battery back-up card allowing
up to 20 Kbytes of RAM/ROM combinations.

* A EPROM programmer with emulation
facilities.

% An intelligent floppy disk controller card, with
its own processor allowing full control of disks
from BASIC or M/C.

% A port card with RS-232c, parallel and Cen-
tronics interfaces.

* An analogue card with A>D and D>A
capability.

% A sound board providing up to nine voices, all
independently programmable.

%* A speech card.

* A terminal card which provides 80 column
output and a keyboard interface.

% A second processor card based on the 6809,
for speed. This card can share the other cards
on the ULTIMUM.

% A prototype board, with pads and power

L tracks, for your own additions.
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THE MOTHERBOARD

We begin with the motherboard. Fig. 1.1 gives the circuit
diagram. IC1 to 1C4 provide the full buffering of the data and
address lines. Two basic bus standards are supported, the
65xx/68xx series and the Z80. These differ in their timing re-
quirements and IC11 and IC12 (along with a few links)
enable you to select either.

ICs 5,6,7,.9 and 10 provide an on-board port, which
makes paging and handshaking possible. This facility is not
essential but makes the addition of large amounts of
memory (256 Kbytes uses 4 slots) possible. The buffered
signals are connected to each of the seven slots. 1C8 is used
to control the selection of the data buffer by collecting the
select signals from the daughter cards. Cards can be moved
around freely once set up, as all address decoding is done off
the mother board.

There are three 40 ways d.i.l. sockets which enable you to
connect to your computer from the side or from the back.

The board is well decoupled, with diodes to prevent rails
from crossing over on switch on/off. The slots themselves
make use of two-part connectors, which although a little
more expensive, do ensure reliable, knock resistant connec-
tion to the daughter cards.

Interfaces are in preparation for the following machines: Acorn
Atom, Apple 11, Atari, Commodore PET, Research Machines
RML 380Z, Superboard, Spectrum, Superbrain, S100 Bus,
UK101, Video Genie, ZX81.
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Fig. 1.1. Circuit diagram of the Motherboard. = @
Tracks to the seven edge connectors are B Q9
shown copper-side for convenience, o Q
although geometrically- edge cor.mector 1 TG ]
would then be on the right-hand side. These J'
tracks are cut to accommodate the bus re-

quired. The edge connectors actually have
32 pins in each row, but the top-numbered
ones are n.c. and therefore not shown

THE UNIVERSAL INTERFACE
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ASSEMBLY

You will need a fine tipped soldering iron. Referring to the
component layout of Fig. 1.3 install the i.c..sockets first, then
the discrete components and finally the connectors. The
backplane connections are close together and you must be
careful to avoid shorting the tracks. Put the i.c.s in last,
checking orientation carefully.

The connection to your computer will, of course, vary from
model to model. A manual is provided with the kit of parts
(see constructors’ note) which teils you how to interface
with most machines. As a general guide, Table 1.1. gives the
standard connection to Z80 based systems and Table 1.2 is
for the 6502/6800 microprocessor family. These tables also
describe how to set up the various links for each type.

TESTING THE 8255

The best way of testing that the board is wired correctly is
to address the 8255 port i.c. The 8255 can be mapped to
any 256 byte boundary by setting d.i.l. switches 1 to 8. Find
an unused space and select it as shown in Table 1.3. The
8255 resets on power-on to its all input state. A set up
routine (written in BASIC) is given in Table 1.4. which makes
all the lines outputs, and then flips them from 1 to O approxi-
mately twice a second. You can observe this by looking on
the port pins as laid out in Fig. 1.1. If nothing happens, check
that you have set up the correct address and check your
connections. If you use a multi-meter to check the outputs,
make sure that it has an impedance of 5Kohms/volt or
greater. Once the 8255 is working you can be fairly sure
that any other fauits are minor, and unlikely to damage the
daughter cards.
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TABLE 1.1. 49 WAY CONNECTIONS TO 289

INT
NMI
NC
D@
D1
D2
D3
IORQ

WOND O HhWN =

49. MREQ
39 RESET
38 HALT
37 NC
36 D4’

SYSTEMS

TABLE 1.2. 49 WAY CONNECTIONS TO 68/65x x

1 IRQ 49
2 NMI 39
3 NC 38
4 DO 37
5 D1 36
6 D2 35
7 D3 34
8 NC 33
9 GND 32
10 NC 31
11 NC 30
12 A2 29
13 A1l 28
14 AQ 27
15 A3 . 26
16 A4 25
17 A5 24
18 A6 23
19 A7 22
20 A8 21

NC Means No Connection

NC
RST
NC
RDY
D4
D5
D6
D7
R/W
Q2
NC
NC
NC
Al15
A14
A13
A12
A1
A1Q
A9

Dn is Data bus
An is Address bus

SYSTEMS
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TABLE 1.3.
SETTING THE 8255 ADDRESS SPACE

Link/switch Mapped to . . . (hex) bl
géggggéé 0000 10 P = (8255 Address in decimal)
00000031 0100 20 POKE P + 3, 128 (Set all ports to output)
00000010 0200 30 POKE P,@
00000011 @300 49 POKEP + 1,0
... in 10@ hex increments 50 POKEP + 2,0
ggg‘q’ggo 1033 60 GOSUB 120

Lida L 76 POKEP,255
Q’ng “II(Z)@(DOh;xoincrements E5e gg Eg&g :: : ;’%gg
?-?810?0000 2R ' 100 GOSUB 120
20110000 3000 119 GOTO 3¢ '
... etc. i 120 FOR T=1TO 250 (Approx }s delay)
11111111 FFOQ 130 NEXTT

140 RETURN

Link Switch
1 means link to Vcc 1 means ON
@ means link to GND @ means OFF

Although the kit of parts will include d.il. switches for the
setting up of address lines A8 to A5, we feel it is worthwhile
pointing out the existance of an earlier option which the p.c.b.
ULTIMUM will accommodate. This is the use of prewired d.i.l. header plugs
instead of switches, which can be changed quickly for different
addressing. The tamper-proof nature of this option may be
preferred.
The remaining links (refer to Fig. 1.3) should be wired as
follows:
LINK 9
Link A-B for Z80 systems (allows reset from host computer)
Link B-C for 65/68 systems (gives on-board reset)
LINK 10 (R/W, WR strapping link) bl
Link A-B for 65/68 systems (gives R/W to R/W)
Link A-C for Z80 systems (gives WR to R/W)
LINK 11
Link open for Z80 systems
Link closed for 65/68 systems

The uitimate motherboard?

+5v
-

OFF/ON
g LK8 i -—— A5 S8
_ | B o
i LK7 - ; T | . s7 m i

SrrEage . P “=OF ;.
I 3 LK6 Iis - AL} S6 m

y - - . ’ = o (A
. o B (D
LK4 == s4 mﬂ'ﬂm
L e  » =Y 4
we | Smmiag s2 | {IIf ]

- b
LK1 ——n8 s | [MJ

"o

Fig. 1.2. Utimum links, and methods of linking. (a) Using
linked header plugs which can be swapped. (b) Using d.i.l.
switches
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THE POWER SUPPLY
A special power supply has been designed for the ULTI-
MUM, which provides power rails for additions such as the
disk drive and the EPROM programmer. The power supply
will fit inside the ULTIMUM case or may be mounted
separately.

The design of the power supply is given in Fig. 1.4. This is
a standard design using current limiting, thermally protected
i.c. regulators, The component layout is given in Fig. 1.5.
Please observe the usual precautions when wiring mains
equipment. How to fit the assembled unit into its housing
is covered in a comprehensive manual {see constructors’
note), availabie with the kit of parts, but construction of the
power supply p.c.b. assembly is very straightforward. Follow
the overlay given (Fig. 1.5) and the instructions below, being
careful to note the polarity of components where ap-
propriate. The construction sequence is as follows:
1) Fit p.c.b. pins in points A-G,M,),J,L,K,N,O,P.
2) Fit diodes D1-D4.
3) Fit REC1 and heatsink—bolt heatsink to bridge REC1 and
then mount this assembly to p.c.b.
4) Fit bridge rectifier REC2.
5) Fit R1—leave 5mm clearance between resistor and p.c.b.
to allow heat flow around resistor.
6) Fit smoothing capacitors C1 and C2. Note that the
dummy tag is used only to provide greater stability.
7) Fit smoothing capacitors C14,C7,C11,C8.
8) Fit ceramic capacitors C15,C6,C13,C10.
9) Fit capacitors C7,C12,C3.
10) Fit zener diode D5.
11) Fit IC5, IC2, IC4, IC3—note that the metal tabs stand
towards the ceramic capacitors.

CASE IS COMMON

QINPUT

O

O DUTPUT

CATHODE

IC1 78H05 pin view ANODE

Physical details of D6

CATHODE ’ | < \ ANGCDE

HSt

4BA SCREWENUT

RECH
Pca Lal
ZZATTT AT 7]
L '
S o (

1 2 3
1C27812 Input Common Output
1C3 7905 Common Input Output
1ICa7912 Common Input Output
1IC5 7818 Input Common

Output

b—c

~
w

Component pin-outs.
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Fig. 1.4. PSU circuit diagram

Fig. 1.5. PSU component layout
{copyright Watford Electronics)
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c 0 M PO N E NTS S Integrated Circuits

I1C1 78H05 +5V/BA reg.
IC2 7812 +12V/1A reg.
1C3 7905 —5V/1A reg.
MULTIRAIL POWER SUPPLY IC4 7912 —12V/1A reg.
IC5 7818 +18V/1A reg.
Resistors Miscellaneous
R1 10 or 126 5W T1 Muititap transformer {0-15, 0-15,
R2 3300 W 0-30, 0-30, 0-9, 0-9@5A)
- 81 2 pole 2 way sub min. toggle
Capacitors i)
FS1 20mm 1A A/S f
C1,C2 4700p/25V tag efect. (2 off) T
c3 ~ 4u7/16V axial elect. P.cb. Watford PSU board
c4 220n polyester radial 6BA stand-offs, nuts & screws
C5,C9,C12 10u/16V axial elect. (2 off) for mounting p.c.b. {4 off each)
€6,C10,C13,C15 100n disc ceramic (4 off} Heatsink Type TV4
C7,C11 2200y/25V radial elect. (2 off} insulating kit TO3
o 1000/ 16V radial elect. 5A 3-core mains cable 2 metres
c14 470u/50V radial elect. Sl e uforabe o

4BA 1in. boits, and nuts (5 off each)

Discrete Semiconductors Solder tag (2 off}

D1-D4 1N5401 {4 off) CONSTRUCTORS’ NOTE
D§ 6V8 1TW3 Zener Kits for the ULTIMUM are available from Watford Elec-
D6 0-2in. lLed tronics (see advertisers’ index). A limited number of ready-
REC1 6A/100V bridge rect. built units will be available. Please send SAE for price list
! REC2 1A/100V bridge rect. of boards now available. y

Because the system has so many applications, we feel sure,
that people will want to exchange ideas. If this is the case, a
users group will be formed to provide support for existing
and future machines.

e Brociuer
-
N

\

PAGED RAM

e v P SPEECH

CARD
/’\ PS.U.

I PDART CARD

RS -232C
-

CENTRONICS
P e R

PARALLEL I/D

cLOCK

PERIPHERALS

'
-

This interface system is totally modular. It is therefore not
only capable of rising to meet almost any specific require-
ment as it crops up, but may be expanded in stages as and
when funds are available.

ULTIMUM combines economy and flexibility!

Next Month: Ultimum’s potential will be expanded on.
The 16/64K RAM board, EPROM programmer and
Romulator, and ROM/RAM battery back-up.
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00¢ BE AN AGENT

Sell our products to your friends and family and earn 10% commission. Details on request.

100 METRE WATER RESISTANT JOIN THE KEYBOARD REVOLUTION

= With the incredible new Casiotone MT-70 Programmable Keyboard
Mini priced, Mini Keyboard version of the highly successful
CT-701, “‘One of the most advanced teaching aids to far
developed.” (E&MM). Program an eatire picce of music, entered
via the keyboard with full editing controls, or from Casio's unique e 2
bar-coded music scores. The MT-70 can then teach you how to \ “ ‘
?lay that piece. With 20 superb preset voices, Casio Auto Chords, \“ \“

0 rhythm accompaniments and arpeggio. A fully portable 2.7kgs -

AL WL

(61b), measuring:—68 x 633 % 188mm (2% % 25 x 7§"). Integral 5w
amp/speaker, or optional FM tr itter allows remote playing
thro Hi-Fi.

4 -octave Programmable Keyboard

£199

W-300 W450C W450

ONE THOUSAND VOICES FOR ONLY
£17.95  £19.95  £22.95 d

Casiotone CT-1000P Digital Synthesizer

PORTABLE COMPUTER

The most powerful pocket computer on earth?
SHARP PC-1500 Colour Computer

FREE SOFTWARE OFFERS
PRICES, including VAT:
— 4 PC-1500 Computer + FREE £20 s/ware voucher  £169.95

! CE-150 Printer + FREE £20 software voucher £149.95
50 metre W/R 200m W/R CE-1558K RAM Module + £10 software voucher  £79.95
was DW-1000

w3 16K ROM extended BASIC, 3.5K RAM (expandable).
£14.95 £19.95 £39.95

7 x 150 dot matrix display. With clock, calendar, alarm and
around 30 scientific functions on board.
Soft: d 1500 (col brochi n request.
All have a full display of time and auto calendar. Alarm and e D U )
selectable half-hourly time signal. Countdown alarm timer
with repeat memory function. Professional 1/100 second
stopwatch. Time is always on display, regardless of display
mode. Amazing 5/7 year lithium battery life. 12/24 hour
display.
Cases and straps/bracelets: W-300 all black resin. W-23 all
resin with §/S trim. W450 and DW-1000, all S/S(with
protective black bezel. W450C and DW1008C (not shown, i
£34.95), as W-450 and DW-1000 but with black resin and YOU SEE A BETTER OFFER o

Rubbered WIR st WE WILL BEAT IT. a3
ANALOG/DIGITAL

The World’s most versatile watches?

MiCROL
Totally professional
software for amateurs & professionals
Use And Learn Vol. | (25 programs/100 pagcsf £9.95
THE DATABASE (over screens on C90)48K  £9.95
Both on cassette tape. Send for details.

CASIO POCKET COMPUTER
FX-T02P = =

BASIC, upto ke

FREE SOFTWARE OFFER
MICROL 702 Professional Programming Pack (value
£9.95) FREE with every FX-702P purchased from us.
MICROL 702 PROCOS “Visicalc-type’ software on tape
ivalue £24.95) FREE when you purchase a FX-702P,
+PPP), FA-2 Cassette interface (£19.95) and a FP-10
Printer (£44.95). Total cost £144.85.

MULTI ALARM WATCHES

PROGRAMMABLES

MM 400
6 melodies

£29.95

CA-95

FX-602P
Upto 512 steps, upto 88
memories, 50 functions.
With MiCROL Professional

right) :
S melodies lgg%‘r;mmmg Pack (£9.95)
Calculator
Analog LCD hours/minutes. Digital display: Local time, 12 or Resin £69.95
24 hour; 62 day calendar display; Dual time, 12 or 24 hour; £19 95

Alarm time display; Countdown alarm timer with memory
function; Professional stopwatch; Optional hourly time signal;
Daily alarm-electronic buzzer, or 3 optional melodies.

FA-2 Cassette interface .
FP-10 Mini printer

Both have 12 or 24 hour time and calendar display.
Professional stopwatch; Hourly time signal; Daily alarm
with pre-alarm; Daily alarm with post-alarm; Weekly alarm
(or can be extra daily alarm).
MM 400, In addition has monthly alarm (or extra daily
g:lann);v;ll'ime is always on display; Dual ime.

A-95 With calculator.
C-951 metal version £29.95

TRUE ANALOG/DIGITAL

CALCULATORS
Scientifics

FX 950 50 functions, 10 digits, SOLAR POWER ...... £19.95
FX -900 8 digit version with less functions....... . £17.95
FX-550 50f, 10d, Lithium battery. Wallet size ..£15.95

AQ-101

£39.95

FX 8100 Clock, calendar, alarms, stopwatch .. . £19.95
OTHER WATCHES FX.82 £11.95, FX-100 £14.95, FX-7 £9.95, FX-5 £7.95.
J-50 Jogging pacer/computer; alarm; s/watch £15.95 Calculating alarm clocks
Classical analog with digital GM-10 Invader game; alarm; s/watch. Resin, £12.95 FT7 Fortune teller £14.95. BG15 Boxing game £14.95.
hours, minutes and seconds. GM30 Bau.leghips/submarincs version £19.95 BQ1100 Biorhythms £16.95. UC36S Full calendar, date
Auto calendar; Alarm & hourly GM 40 Pyramid building/invader version £19.95 memories, Wallet £19.95. UC360 Card £19.95.
time signal; Professional A656A Alarm; dual time; stopwatch. Chrome £9.95 i

WS-70 8/S; W/R; C/D & alarm; D/T; S/W; slim £22.95

Basic
S1.801 SOLAR £9.95; LC950 Metric conversions £16.95.
SA-50 Non W/R chrome version £14.95, SA-S0G £19.95

Games: MG880, MG885, MG888 £10.95. MG777 £14.95.

stopwatch; Date memory.

Price includes VAT and P&P. Send cheques, PO, or phone your ACCESS, VISA or B'CARD number to:
LEADING CASIO SPECIALISTS

Dept. PE,
38 Burleigh Street, Cambridge CBI 1DG
Telephone: 0223 312866
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A quality
digital multimeter
for the price
of an analogue.

The Beckman 32 digit T100 multimeter offers:

* numerous functions and ranges (200mV to 1000Vdc or
750V ac; 200uA to 10A ac or dc; 200 (2 to 20M ()
* good accuracy (0.5% on Vdc)

* numerous extras (like dedicated diode test range, high or low
power ohms, numerous accessories)

* easy operation and excellent protection

Also available is the T110 model, with 0.25% accuracy and
buzzer for continuity testing, at £68.50 (inc. VAT, p&p).

BECKMAN

Beckman Instruments Ltd
Electronic Components UK Sales and Marketing Organisation
Mylen House, 11 Wagon Lane, Sheldon, Birmingham B26 30U
Tel: 021-742 7921 Telex: 336659

Please send me:

{  )T100meters at £57 (inc. VAT, p&P) .. .o oooeeieeeeeieenn. I
( ) T110 meters at £68.50 (inc. VAT, p&p)

I enclose a cheque or P.O. - |

(payable to Beckman Instruments Ltd) for: £

CAMBRIDGE LEARNING

SELF-INSTRUCTION COURSES

Y NEW! %

DIGITAL
COMPUTER
DESIGN
£8.50

Our latest, up-to-date
course: on the design
of digital computers,
both from their indiv-

LOMESRGR

= >
DIGITAL IDESIGN

A i | idual logic elements
,,;,gegf,,"bruc-‘dge"o"&?gﬁg and from integrated
circuits.

Digital Computer Design is the best way for
you to understand how simple computers are.
You are first shown the way in which simple
logic circuits operate and then, through a
series of exercises, arrive at a design for a
working machine.

GSC SUPERKIT £1990

The original Cambridge Learning Superkit, a
practical digital electronics kit for begin-
ners, now re-written for the popular GSC
EXP300 breadboard. The kit comes complete
with an instruction manual, components, and
breadboard to teach you all the basics of
digital electronics.

DIGITAL COMPUTER LOGIC
& ELECTRONICS £6.00

The theory course to support the practical
Superkit, this 4-volume set covers basic
computer logic; logical circuit elements; the
design of circuits to carry out logical
functions: flipflops and registers. No prior
mathematical knowledge other than arithmetic
is assumed.

GUARANTEE No risk to you. If you are not completely

satisfied, your money will be refunded upon return of
the item in good condition within 28 days of receipt.

CAMBRIDGE LEARNING LIMITED, UNIT 20, RIVERMILL SITE,
FREEPOST, ST IVES, CAMBS, PE17 4BR, ENGLAND.
TELEPHONE: ST IVES (0480) 67446. VAT No 313026022

All prices include worldwide postage (airmail is extra -

Please allow 28 days for delivery in UK.

J please ask for prepayment invoice). Giro A/c No 2789159.

- e D T e D D D D D D D G D e D W - e ol

i o SUPERKIT(S) @ £19.90
...... DIGITAL COMPUTER DESIGN(S) @ £8.50
| O DIGITAL COMPUTER LOGIC AND ELECTRONICS @ £6.00

1 enclose a *cheque/PO payable to Cambridge Learning Ltd
{97 o 0o00000 {*delete where applicable)

Please charge my:

*Access / American Express / Barclaycard / Diners Club
Eurocard / Visa / Mastercharge / Trustcard

Expiry Date............ Credit Card No .......ooevvivnnnnn,
S GMATUTE. .4y vvuniioanaannassosnantssssnossoainsssssrssatassne

in sterling drawn on a London bank, or quote credit card
number.

Cambridge Learning Limited, Unit 20, Rivermill Site, FREEPOST,
St lves, Huntingdon, Cambs, PE17 4BR, England. (Registered
in England No 1328762).

|

|
' |
' |
: l
' i
' |
l Telephone orders from card holders accepted on 0480 67446 l
l Overseas customers (including Eire) should send a bank draft l
| |
' |
' |
' I
' |
|
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all in your

issuel

With the advancement of robotics into industry, some
experience with robots becomes of increasing impor-
tance. The Genesis range of robots we published last
Winter have achieved considerable penetration into
industry and education. However, we have not been
resting on our laurels! Next month we start
Micrograsp, an ultra low cost electric robot. Even with
full servo control and a universal computer interface
board the price is under £200.

oI VLOGHORD

This is a stylus operated two octave keyboard
with only one tuning preset and eight individual
voices made up of four square and four triangular
waves over a range of six octaves. It includes
two stylii, each controlling four voices to enable
the playing of two notes at a time and a switched
option for one stylus, to play one or both
waveforms. I

PAGE PULLNT oo s oae:

ELECTRONICS
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SALYUT 6 AND COSMOS 1,267

The Soviet Space control ended the 58
month mission of this composite unit on July
the 29th, 1982. Cosmos 1,267 was docked
automatically with Salyut 6 for a mission of
scientific experiments and another of the Rus-
sian feasibility studies dealing with perma-
nently manned units in orbit. Up till the time
that the composite unit was commanded to
destruct into the Pacific Ocean, it had logged
some 676 days of manned operations. These
were in short and long periods. The short
duration involved 11 crews and the long dura-
tions 5 crews. The reason given for the ter-
mination of the missions was that the
programme had been completed and the con-
sumable items such as the fuel for the control
systems was near the planned exhaustion
level. The total number of launches of Soviet
vehicles since Sputnik 1 on October the 4th,
1957, has now reached more than 1,500.

The American authorities seem to have
been somewhat worried as to whether some of
these manned missions were in fact concerned
with anti-satellite homing vehicles as a defen-
sive activity against American satellites. It
seems out of keeping with the manner of space
research that so much worthwhile work in the
cause of science for the benefit of mankind
should be marred by wrong attitudes and
suspicious undercurrents. Nothing but benefit
can come from co-operation, now especially
as so many independent countries are active in
space technology.

LOOKING BELOW THE
SURFACE OF THE LAND

The Shuttle imageing radar has shown that
it is possible to provide ad&quate data of con-
ditions and the character of sub-surface
terrain. While it is, of course, possible for
radar to ‘see’ below the surface, the imageing
has always been regarded as useless. Now,
after the data being analysed from the second
Shuttle mission is considered, there are
already plans for expeditions to the Sahara.
Interest has extended to the re-examination of
previous passes over arid areas. The JPL data
is to be opened up for this purpose. Some of
the’ Landsat data, like the multispectral scan
over the Sahara, shows mostly sand but also a

40

hint of rough terrain below the sand. These,
\\owevqr, were over the ‘hyperarid’ areas
w\;ere rainfall comes every 30-50 years. Here,
thé, very fine sand allowed the radar to
penbtratd. Generally, however, there is no
leap indication that there are reliable visual
rmatioris that could be reported. However,
e radar ’pictures returned by the second shut-
e flight /provides ample evidence that very
nsiderdble detail can be seen. The varied
techniques growing in experience and skill
show rémarkable conditions. As an example,
ybme bf the evidence points to formations

‘which must be at least 35 million years old.

Under the sand are to be seen large, wide and
dpy river valleys extending for hundreds of
miles. Indeed, some of the valleys resemble
very closely the present Nile valley. Other
conclusions that have been drawn indicate
that there are extensive fauit lines and rugged
terrain; also there can be seen alluvial valleys
and terraces. The expeditions to make direct
examination of these areas will be putting a
new look on archaeological digs, for now they
will be looking not at recent but at remote
periods of time. It is not surprising that
renewed interest in the planet Mars is taking
place. The arid surface of Mars could yield a
great deal of information if the new imageing
techniques could be applied from an orbiter. It
could be possible to examine the terrain of
Mars beneath the polar caps. These new
techniques are already regarded as a great
scientific advance and new missions for the
shuttle are already being planned. It should
also be proper that the person who first
suggested that this sub-surface imageing
capability existed should be rewarded. The
Geological Survey and the JPL view this a
major discovery and award the credit to a
guest investigator Carol S. Breed with the
Astrogeologic Branch.

However, while past history is a clue to the
future, there are intensive matters of interest
for the present. The ebb and flow of terrestrial
changes on the crust of the Earth indicates
periods of wet conditions and savana growth
and periods of arid conditions. Geological
features now to be examined below the surface
will enable assessments to be made as to the
possibility of water and oil recovery.
Knowledge of places where possible human
habitation may have been in existence as long
ago as 200,000 years, offers evidence of the
conditions then. So the priorities are already
being set for future shuttle missions. Two
special radar missions for radar surveys will
have the benefit of the new techniques from
the Geological SIR-B.

SIR-B radar is an improved and upgraded
version of the initial imageing system and will
be flown on the shuttle in 1984. This mission
will use the same aerial, that is the L-band, but
with the capability of variable incidence angle
ranging from 15 to 65 deg. This will facilitate
the assessment of the effects on the imageing
content. The shuttle 1987 to 1988 missions
will use a radar system that will have the
facility of variable incidence and also variable
polarisation.

At the Jet Propulsion Laboratory a study is
being made for a radar sounder mission to try
to penetrate the polar icecaps. This will be
possible because water ice is transparent to the
radar energy. Studies of the surface effects

indicated that a great deal of surface informa-
tion is to be obtained. Large wind patterns on
the ocean surfaces were seen. In one section of
the Aegean Sea it is thought that gravity
waves have been detected, or at least the effect
of such waves.

In enthusing about the imageing system it
would be churlish not to deal with progress
that is now being made with Landsat-D. The
USA were intending to double the cost of the
service of the distribution of data. These
charges were $5 to $10 for a single coloured
picture, and $200 for a length of binary tape
which the purchaser had to process. Some
countries have set up their own land stations,
paying the USA annual fees for the right to
intercept the data. They were able to sell their
own data as they wished. Now with the new
techniques the scene becomes almost a rescue.
Landsat-D, which was launched in last July,
carries the new cameras with much improved
data acquisition and an improvement of nearly
five to one with the new Thematic mapping.
This is a far more efficient system and takes
pictures both in the visible spectrum and in the
infra-red. Areas of 1,000 square metres can be
analysed, which adds to the detail that can be
‘seen’. There are particular advantages in this
for small areas and plantation study. Two
teams are co-operating with NASA in Britain.
These are the National Environment Council
in Swindon and at Reading University. They
will be doing this before the Landsat-D comes
into official service next year.

There is a second improvement also
available for this vehicle. It will be the first.to
use a new communications satellite to be
launched by NASA in January, 1983. It is
called the Data Relay Satellite and will orbit
36,000 km above the Earth and will be in the
Western Hemisphere. The signals will be
received from the Landsat-D and bounced
down to the Goddard Spaceflight Center. This
means that it will not be necessary for them to
operate a large number of base stations to
receive data. This will reduce operation costs
considerably.

BRITAIN SHARES THE SPACE
TELESCOPE WORK

British Aerospace will be delivering solar
paneis to NASA for the Space Telescope in
September, 1983. The Bristol plant of British
Aerospace are constructing what must be the
largest solar panels so far destined for opera-
tion in space. The area of the panels are some
33 square metres. They are, in fact, so large
that it is difficult to test the arrays in the
Earth’s gravity. Some 48,000 silicon cells will
produce about 5-5 kilowatts of direct current.

The design of the panels is rather special.
As the vehicle will have to be carried in the
shuttle cargo bay, a compact package must be
made. The solar panels will be wound around
drums 20 centimetres in diameter. When the
spacecraft is unloaded into orbit the two giant
panels will unroll. The height at which the
Telescope will orbit is comparatively low, only
a few hundred kilometres.

These solar panels are likely to be the
forerunners of still larger arrays. This will be
necessary because power of 100kW will be
required by the 1990’s, and by the end of the
century of the order of megawatts. The value
of the contract to British Aerospace is worth
some 11 million pounds.

Practical Electronics November 1982



PE Micro-file

nicro-fi

R.W.COLES
INTRODUECTION

E HAVE all been touched by the far reaching effects of the microprocessor revolu-

tion in our day to day lives, and there will soon be few households which do not
have a microprocessor tucked away somewhere, in a TV game, a home computer, a
washing machine or even a door bell!

Of course, as electronics enthusiasts, we have a special interest in the potential of
the microprocessor, but although most of us are itching for a ‘’piece of the action’’ it
has not been easy to decide quite what we are supposed to do with this marvellous
innovation. At the moment, even for electronic hobbyists, the main way ‘‘in‘’ is to buy a
basic home computer such as the Sinclair ZX81. But | suspect that for some this has
been a frustrating experience. The problem is that using a home computer and
programming it in BASIC is not necessarily a suitable replacement for the smell of
solder flux and the burned fingers which we all enjoyed so much! Almost ten years
since the first microprocessor appeared, it now seems that microprocessors are for
software hobbyists and are much too complicated for us to use in the replacement of
the transistors, gates, and pink wire with which we have been traditionally associated.

This situation cannot be allowed to continue. Microprocessors are crying out for the
attentions of our soldering irons, and it is our contention that the use of these useful
devices is not as difficult as it may appear at first sight. The problem we face is in the
nature of an information explosion. We are surrounded by a bewildering array of
microprocessor chips, support chips, memory chips and software, all apparently very
complicated. If we want to build a simple system such as a music generator or a central
heating controller, which chip do we choose? Is it powerful enough? Has it got the
right features? Can we program it? Will it be obsolete next month? All questions not
easy to answer, and enough to put us off the idea and return to building ‘’traditional’’
projects or even turn our hand to writing a program to find all the prime numbers bet-
ween 1 and 1000.

But all is not lost! The editorial team of Practical Electronics is determined that the
elactronic aspects of using microprocessors should not be delegated for ever to the
proféssionals, and we are therefore launching the MICRO-FILE series to help reduce the
confusion surrounding these powerful components. The series is an attempt to lay bare
the essential characteristics of the most popular processors so that the interested may
keep up to date, and the dedicated project designers can choose the correct processor
for their needs. Those who already have microprocessors in personal computers or
other units will also find the series useful if they wish to delve into the innards of their
machine to interface with it, repair it, or even just understand it.



There are currently about 40 different available
microprocessor designs, although obviously not all of these
can claim to be “winners”. Even this daunting figure does
not tell the whole story by any means. Many of the 40 basic
chip designs come in several different versions which bumps
the total up considerably, and nearly ail the “popular”
devices are produced by several manufacturers either by
second sourcing under licence, or as functional copies which
may not operate like the original in all respects. Add to this
the fact that most micro based systems require additional
family support chips to facilitate interfacing and the seeds of
confusion have sprouted to form a forest!

Because of the kaleidoscopic nature of applications for
the versatile microprocessor, it is not easy to create pigeon
holes into which the various chips and their uses can be slot-
ted, but some attempt has to be made to simplify things.
Perhaps the best way to start is to split the spectrum of
micro applications in two, with “‘data processors’’ on the one
hand and “controllers” on the other. Data processors
generally operate “off-line” under human supervision and
require large programs usually written in a high level
language such as BASIC. These systems require large arrays
of read write memory and generally have at least one
operator console. Personal computers are one example of a
data processor application, word processors are another,

Controllers usually operate alone to control or monitor
some process automatically and generally use smaller ROM
based fixed programs which are usually written in assembly
language machine code. For controller applications speed is
often important, and transducers are required to sense the
state of the process and to generate appropriate outputs.
Burglar alarms, TV games and central heating systems are
examples of applications where microprocessors are used as
controllers.

CHOOSING A CHIP

Many microprocessor chips have special advantages
which suit them either to data processor or to controller ap-
plications, but it is also true that many others are ‘general
purpose in nature.

Those best suited to data processing will have a word
length of at least 8 bits and will have an address bus wide

the micro scene...

enough to access at least 64K words of memory. Their in-
struction sets should offer a rich variety of addressing modes
and a family of interface devices should also be available.
There is a very definite trend towards 16 bit processors with
address ranges of 1 megabyte or more for most data
processing tasks. These devices are at least as powerful as
the minicomputers which they will soon replace, but the
design of a hardware and software system to take advantage
of their power is, unfortunately, a daunting prospect for the
non-professional.

Microprocessors optimised for controller applications may
have any word length from 4 bits upwards and should ideally
be as self-contained as possible, even to the extent of being
true “single chip” devices which pack RAM ROM and inter-
face lines into a single package. Controller instruction sets
should be compact and offer fast access to I/O and timing
functions. Simple, on chip interrupt prioritisation is also an
advantage, as is the availability of a multifunction peripheral
chip family. Generally speaking, microprocessors which are
optimised for control applications are simpler to design with
in both hardware and software terms.

The author’s view is that if your main interest lies in the
data processing or personal computer field, then it is difficult
to compete with the many ready-made offerings from Sin-
clair, Acorn, Commodore, Tandy, Apple, and a host of other
suppliers. The main problem here is that the microprocessor
is really only the tip of the iceberg in D.P. applications with
software being the most important factor. It has been said,
for example, that to make proper use of the new data
processing orientated iIAPX 432 microprocessor from intel,
the typical user will need to invest as much as ten man-years
in software creation, even using a high level language!

If you wish to use a microprocessor to control/ things
however, then hardware ingenuity is still very important and
the required software can usually be created in weeks even
when using machine code and without the benefit of expen-
sive development systems. The message is clear. If your
ambitions lie in designing a 16 bit personal computer with
twin floppies, a megabyte of RAM and a Pascal compiler,
then a stony road lies ahead| If, however, you wish to control
your central heating or build a fuel consumption computer
for your car, then pick a suitably simple control processor
and have a go; you could have a lot of fun!
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THE OBSOLESCENCE PROBLEM

One thorny problem for any budding designer is the very
rapid progress in microprocessor technology which produces
better, faster, and above all cheaper devices at a breakneck
pace. There is therefore the ever present spectre of starting a
project and then finding that before is is finished a new
device has emerged which would do the job better and at a
lower cost. This is especially true in the data processing field
where development periods tend to be longer.

To avoid the worst of this problem, it is obviously
necessary to choose a device which is not about to be super-
seded. Beware the bargain offer of a wheelbarrow full of
National SC/MPs or intel 8008s for a “Tenner!” At the same
time it /s necessary to choose a device which has been in-
play for a sufficiently long period to establish its popularity
and which can therefore be expected to have good support
and a long life. You can expect the manufacturers to develop
their success with popular chips by bringing out improved
versions, and this can be an advantage because your “learn-
ing” investment can be put to good use on future projects
using the enhanced devices when they are available. It is
also necessary to remember that, say, a central heating con-
troller may be required to operate for 20 years or more while
the lifetime of the majority of microprocessors can be expec-
ted to be less than ten years—so remember to buy a spare!

SUPPORT DEVICES
If there were any such thing as a typical microprocessor

MICRO-FILE FORMAT

system then in addition to the processor device itself we
could expect to find RAM and ROM memory, a paraliel /O
port, a serial I/O port, and at least one ‘‘special” device such
as a disc controller, a maths chip, or an analogue to digital
converter. Support devices are available to fill all these
requirements and many more besides, and these have to be
given serious consideration since they contribute almost as
much as the processor itself to the success of any project.

Support devices can be part of a particular microprocessor
“family” and these often have special features to simplify
their use with that family. Also available are many general -
purpose devices which can be interfaced to most processors
with the addition of a small amount of external logic. All
have their part to play. The trend in support devices is
towards complex and powerful chips which give a con-
siderable boost to the basic performance of any processor by
unioading from it a lot of the system “chores” which it would
otherwise have to perform for itself. Prime examples here
are the maths processor chips which give systems easy
access to floating point arithmetic and high level math func-
tions such as square roots and sines which would normally
have to be provided by software routines. Many support
devices rival the microprocessors which they serve in chip
complexity, and so it is important not to underestimate the
task of learning how to initialise and program these devices
to perform the required function. Some support chips even
have user manuals as thick as those of their attendant
microprocessor !

Having set the scene, and perhaps frightened, but hopefully inspired many readers,
we can now return to how the MICRO-FILE series has been designed to help!

To make any kind of objective assessment of a number of microprocessor devices it
is normally necessary to purchase the relevant manuals, and these are not cheap. Hav-
ing purchased the manuals, a period of intensive study is required to sort out the impor-
tant characteristics and to come to any conclusion. Remember too, that the manuals
are written by the manufacturer and are therefore unlikely to point out any shortcom-

ings!

MICRO-FILE builds up month by month to provide a complete quick reference guide
to the more popular microprocessors. Each MICRO-FILE entry consists of a quick
reference fact sheet, designed for easy filing, and explanatory text which provides
further information and application data. The sheets can be removed from the magazine

and placed in a binder for filing.

This introductory article can form the binding ‘‘covers’’. At present there are plans to
include about twelve of the most popular processors, but this may be extended later if
necessary. So if you collect the whole series it will form a 48 page (or more) reference
book on microprocessors plus this ‘‘cover’’ section.

The first FILESHEET considers the Intel 8080A and its successor the 8085A, two
of the most popular processors so far, with the 8080A often considered to be the
processor which really started the microprocessor revolution.

The reference fact sheet is intended to provide all the essential information about a
processor or a processor family, including general background details, register arrange-
ment, instruction set and software, system schematics, performance data, pin connec-
tions and basic support chip information. Using these sheets it will be possible to com-
pare processors and to choose the best one for a particular application. Readers not in-
terested in go-it-alone projects can use the sheets to assess the potential power of
readily built systems using a particular processor, to help with system trouble shooting
and interfacing, or simply to improve their knowledge of the subject.
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ELECTRONIC
HOBBIESTFAIR

Alexandra Pavilion November 18-211982

Launched in response to demand for a

major national show of the highest

quality, PRACTICAL ELECTRONICS, EVERYDAY
ELECTRONICS and PRACTICAL WIRELESS

are presenting the biggest and best event
ever to be staged for the electronic

hobbies enthusiast.

if your company is involved in the
manufacture of electronic components,
equipment, ancillary systems for

Please send me

details about Position in Compan
exhibiting at <
the company

|

|

| : c Address
' @ Fﬂlﬂ Tel __

electronic projects, home computers,
amateur radio, citizens band, video
games, musical instruments — you should
be there!

For further information about exhibiting
contact: The Exhibition Manager,

Electronic Hobbies Fair, IPC Exhibitions
Ltd., Surrey House, 1 Throwley Way, Sutton,
surrey SM14QQ. Tel: 01-643 8040. Extn. 4873.

Send to: The Exhibition Manager, Electronic Hobbies Fair, IPC Exhibitions Ltd., Surrey House, 1 Throwley Way, Sutton, Surrey SM14QQ. I
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FILESHEET I 8080A - 83085A

HE iIntel 8080 8 bit NMOS microprocessor first appeared in

1973 as a successor to the more limited 8008 PMOS device.
The 8080A was the first microprocessor to capture the imagination
of designers and was a fundamental cog in the microprocessor
revolution generating annual sales of over 2 million devices per
year in its heyday. The success of this chip resulted in the spawning
of two, more powerful successors, the Z80 from Zilog which had an
enhanced instruction set but basically the same bus configuration,
and the 8085A from Intel which had basically the same instruction
set but a new multiplexed bus structure. Both of the newcomers
appeared in 1977 and have now replaced the 8080A for all new
applications with the Z80 being most popular for data processing
and the 8085 being more successful as a controller.

In order to squeeze the maximum performance from the NMOS
technology available in the early 1970s the 8080A was designed
to use three supply rails of +5, —5 and +12 volts and had to have
two additional support chips to provide clock generation and bus
interface. The main competition to the 8080A in the early days
was the Motorola 6800 which despite using only two chips and a
single supply voltage was never as popular due to its lower overall
performance.

The 8080A has a common instruction and data memory space
of 64 kilobytes and a separate 1/Q space of 256 ports which,
together with a good general purpose instruction set, made it use-
ful for a wide range of applications in control and data processing.

The 8085 was an attempt by Intef to maintain the sales momen-
tum created by the 8080A, although it could be argued that the
competing 280 from Zilog did a better job. The 8085 needs no sup-
port chips except for memory and 1/O, and will run faster than the
8080A from a single 5V supply. To free extra interface pins the
8085A has a multiplexed data and address bus with the new con-
nections being used for extra interrupts and serial I/O in addition to
the necessary control and clock lines. Introduced at the same time
as the B085A were two special peripheral devices also in 40 pin
packages. The 8155 provides 256 bytes of RAM, 22 parallel 1/O
lines and a 14 bit timer while the 8355 provides 2K bytes of ROM
and 16 parallel /O lines. Using the 8085A with these two
peripherals it is possible to build a powerful processor system with
RAM, ROM and comprehensive I/0 using just three chips.

REGISTERS

The 8080A and the 8085A have an identical data register
arrangement although the 8085A does have an additional register
which is used in the control of its extra serial /0 and Interrupt lines.
Both devices have eight addressable 8 bit registers which can be
used as four 16 bit register pairs for many operations. Perhaps
most important of these is the 8 bit Accumulator register which is
the implied focus of many instructions including the memory
reference, arithmetic, and I/O groups. For some operations this
register is paired with the flag register which itself provides single
bit status information about data in the accumulator after
arithmetic and logical operations. Flag bits are provided to report
on five possible status conditions as shown on the file sheet, with
the remaining 3 bits being unused. The BC, DE and HL registers are
essentially general purpose in nature and can be used as temporary
storage for 8 and 16 bit data values, as 8 and 16 bit counters, or as
16 bit memory address pointers. The HL register is particularly im-
portant as a memory pointer since it is used by a number of
memory reference instructions. It is also used as an "accumulator”
for 16 bit arithmetic. A smaller number of instructions use the BC
and DE pairs as pointers, and either of these register pairs can be
added to the HL pair to give a limited 16 bit arithmetic capability.
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In addition to the four register bairs already discussed there are
two other 16 bit registers which have dedicated functions. The
Program Counter register always points to the next instruction to
be executed and therefore contains a 16 bit address. The Stack
Pointer always polnts to the top of the last-in-first-out stack area
maintained in read/write memory for the storage of subroutine
return addresses and register values saved during interrupts or for
other purposes. The Stack Pointer is decrerented each time data is
“pushed” on to the stack and is incremented each time data is
"popped” off the stack.

The generous register set of the 8080 was one of the reasons for
its success over the Motorola 6800, but the specialised uses of the
BC, DE and HL pairs also had the effect of producing a less regular
and “messy” instruction set making it necessary for the program-
mer to remember just what particular pairs can and cannot be used
for. The more modern 16 bit processors overcome this problem by
making their registers completely general purpose and non-
specialised wherever possible. Lacking in the 8080/8085 is the
useful feature of an index register such as that provided by the
6800, although this job can be performed by the register pairs at
the cost of using extra instructions.

INSTRUCTION SET

As mentioned above, the 8080/8085 instruction set is rather
“"messy’’ due to the somewhat specialised nature of the large
register array, but this does make these devices very powerful con-
sidering their small chip areas. The 78 basic instructions of the
8080 are used to move data between registers, between a register
and memory, between a register and an I/O port, and to carry out
arithmetic and logical operations. Instructions are also included to
perform conditional and unconditional jumps and to control
processor operation. Two additional 8085A instructions, RIM and
SIM, are ingeniously used to provide access to, and control over,
the extra serial /0O and interrupt features not present on the 8080.

A comprehensive array of arithmetic and logical operations are
provided including 8 and 16 bit binary addition, 8 bit binary sub-
traction, binary coded decimal (BCD) arithmetic on packed BCD
values, logical operations such as AND, OR, XOR and Compare,
and a range of accumulator shifts and carry flag modifiers. One
item missing from this group is the ability to set, test, and reset, ih-
dividual accumulator bits which is a very useful feature for control
applications. These operations can be performed by shifting the
relevant bit into the carry flip-flop or by using logic instructions,
however,

Four addressing modes are used as follows:—Direct, in which a
memory address is specified as part of the instruction; Register, in
which a register or register pair is specified; Register Indirect, in
which the instruction specifies a register pair which itself contains a
memory address; and Immediate, in which the instruction contains
not a reference to a data area but the actual data itself. One par-
ticularly useful feature of the instruction set is the provision of a
group of eight Restart instructions which cause an immediate jump
to fixed vectors in low memory. These instructions use only a single
byte and are used for hardware interrupt service or as software in-
terrupts. Access to the separate /O address space of 256 input and
256 output ports is provided by means of the instructions IN and
OUT which are fast because they are only 2 bytes long. The
separate 1/0 address space is useful because it does not encroach
on main memory, but it is stili possible to use memory mapping for
1/0 ports if required for a simple system not needing the full 64K
memory address range.
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( 8080A/8085A rererence FLE SHEET )
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= '8085A/8085A-2
TABLE 8. INSTRUCTION SET SUMMARY
Instruction Codef1]  Clock{2] Instruction Codef1]  Clock[2)
Mnemonic Description 0,0,0,0,0,0,0,0, Cycles Mnemonic Description 0,0,0,0,0,0,D,D, Cycles
MOVE, LOAD, AND STORE CPE Call on parity even 11101100 918
MOVr1 r2  Move registertoregister 0 1 DD DS S § 4 CPO Cali on parity odd 1171700100 918
MDVMr Move registertomemory 0 1 1 1 0S S S 1
MOVrM Movememorytoregisterte 0 1 DDD 110 7 RETURN
MVI 1 Move immediateregister 0 0D DD 110 7 RET Return 11001001 10
MVI M Move immediatememory 0 0 1 1 0 1 10 10 RC Return on carry 11011000 6127
LXI B Load immediateregister 0 0 0 0 0 0 0 1 10 RNC Return on no carry 11010000 612
PairB& C RZ Return on zero 11001000 612
LXID Load immediateregister 0 0 0 1 0 0 0 1° 10 RNZ Retura on no zero 11000000 612
PairD&E RP Return on positive 11110000 612
LXI H Load immediate register 0 0 1 0 0 0 0 1 10 AM Return on minus 11111000 812
Pair H& L RPE Return on parity even 11101000 812
LXISP  Load immediate stack 00110001 10 RPO Return on parity odd i1100000 612
pointer
STAXB  Store A indirect 00000010 7 RESTART
STAXD  Store A indirect 00010010 7 RST Restart TTAAAT LT 12
LDAX B Load A indirect 00001010 7
LDAXD  Load A indirect 00011010 7 R eT
STA Store A direct 00110010 13 i s it LN FRISENGT) — S8
. ouT Output 11010011 10
LDA Load A direct 00111010 13
SHLD SIOIEH&Ld.iIBC( 0D0100D010D 16 INCREMENT AND UECREMENT
LHLD Load H & L direct 00101010 16 INR 1 Increment register 00DDO1D00D 4
XCHG Excl_lange[)&F_H&L 11101011 4 DCR r Decrement register 00DODI1ODI 4
Reagisters INNM  Increment memory 00110100 10
DCR M Decrement memory 00110101 10
STACK OPS - INXB  Increment B& C 00000011
PUSHB  Push register Pair B & 11000101 12 registers
Constack INXD  Increment D & E 00010011 8
PUSHD  Push register Pair D & 11010101 12 registers
Eonstack INX_H increment H & L 00100011 6
PUSHH  Push register Pair H & 11100101 12 registers
L on stack INX SP Increment stack pointer 0 0 1 1 0 0 1 1 6
PUS" PSW Push A and Flags 11110101 12 DCX B Decrement B & C 00001011 [
amEgack B DCXD  Decrement O & 00011011 8
POP B Pop register Pair B & 11000001 10 DCX H Decrement H & L 00101011 8
Coff stack 'DCX SP Decrement stack 00D +4017 B
POPD Pop register Pair D & 11010001 10 pointer
E off stack
POP H Pop register Pair H & 11100001 10 ADD
L off stack ADD r Add register to A 10000SSS 4
POP PSW  Pop A and Flags T1110001 10 ADC r Add register to A 10001SSS 4
off stack with carry
XTHL Exchange top of 11100011 16 ADD M Add memory to A 10000110 7
stack. H& L ) ADC M Add memory to A 10001110 7
SPHL H & L to stack pointer 11111001 8 with carry
ADI Add immediate to A 11000110 7
Jump ACI Add immediate to A 1001110 7
JMP Jump unconditional 11000011 10 with carry
J Jump on carry 11011010 710 DAD B AddB&CtoH&L 00001001 10
INC Jump on no carry 11010010 710 DAD D AddD&Eto H&L 00011001 10
Jz Jump on zero 11001010 710 DADH  AddH&LtoH&L 00101001 10
JNZ Jump on no zero 11000010 710 DAD SP  Add stack pointer to 00111001 10
JP Jump on positive 11110010 710 H&L
M Jump on minus 1117171010 7/10
JPE Jump on parity even 11101010 710 SUBTRACT
JPO Jump on parity odd 11100010 710 SUB r Subtract register 10010S8SS 4
PCHL H & L to program 11101001 6 . from A
counter SBB r Subtract register from 1001188 S 4
A with borrow
CALL SuUB M Subtract memory 10010110 7
CALL Call unconditional 11001101 18 from A
cC Call on carry 11011100 918 SBB M Subtract memory from 10011110 7
CNC Call on no carry 11010100 918 A with borrow
(W3 Call on zero 11001100 918 sut Subtract immediate 11010110 7
CNZ Call on no zero 11000100 918 from A
cp Call on positive 11110100 918 SBI Subtract immediate 11011110 7
CM Call on minus 11111100 918 from A with borrow
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8085A/8085A-2
TABLE 8. INSTRUCTION SET SUMMARY (Continued)

Instruction Code{1] Clock(2]
D,0,0,D,D,0,D,0, Cycles

Mnemonic Description

Instruction Code{1] Clock(2)

Mnemonic Description 0,0,0,0,D0,D,D,0, Cycles

LOGICAL

ANA ¢ And register with A 10100S8SS 4

XRA ¢ Exclusive Or register 01 1SS8S 4
with A

ORA ¢ Or register with A 10110S8SS 4

CMP ¢ Compare register with A 10111888 4

ANAM And memory with A 10100110 7

XRA M Exclusive Or memory 10101110 7
with A

ORA M Or memory with A 10110110 7

CMP M Compare memorywithA 1 01 1 1110 7

ANI And immediate with A 11100110 7

XRI Exclusive Dr immediate 11101110 7
with A

ORI Or immediate with A 11110110 7

CPI Compare immediate 11111110 7
with A

ROTATE

RLC Rotate A left 00000111 4

RRC Rotate A right 00001111 4

NOTES: 1. DDD or SSS: B=0D00.C 001. D 010.E011. H 100.L 101. Memory 110. A 111.
2. Two possible cycle times. {6/12) indicate instruction cycles dependent on condition flags.

* All mnemonics copyright
e — R

SOFTWARE

The 8080/8085 family is probably better supported in software
than any of the other microprocessors. There is so much software
available that it would be quite impossible to list it all. The key to
8080/8085 software is the CP/M disc operating system produced
by Digital Research of Pacific Grove, California. Since its introduc-
tion, CP/M has become the standard microprocessor operating
system and has therefore encouraged large numbers of software
writers to produce Interpreters, Compilers, Word processors,
games, and utilities. CP/M itself is quite basic but is written in
8080 code so that it is directly compatible with 8080, 8085 and
Z80 based systems. So popular is it, that personal computers
based on other processors, such as the Apple which uses a 6502,
are often upgraded to CP/M compatibility by the addition of an
extra 8080 or Z80 processor card so that access to CP/M compat-
ible software is possible.

Of course, not all systems can use discs, and in this case stand-
alone software is desirable. Software distribution is more difficult in
this case, but a number of 8080/8085 Tiny Basic Interpreters have
been published and there are several books with software listings
available. | can recommend the inexpensive Scelbi books which
give listings for an 8080 Monitor, Editor, and Assembler.

INTERFACING

The 8080A and 8085A interface to both memory and 1/O
devices by means of READ and WRITE machine cycles which each
have an associated control line output (RD and WR respectively).
An additional control line IO/M informs bus users whether the cycle
applies to a memory or an /O device. The main difference between
the two processors is the multiplexed bus structure of the 8085A
where the eight low order address bits (AO-A7) share the same
pins as the data bus and are therefore labelled ADO-AD7. The
special purpose 8085A interface chips, the 8155 RAM/IO/TIMER
and the 8355 ROMY/IO, have internal demultiplexing circuitry so
that they can work directly from the 8085 bus. Other devices in-
cluding general purpose ROM and RAM chips, and interface chips
such as the UART, need a non-multiplexed bus and this can be
easily achieved by using an external 8 bit latch such as the
74LS373. The 8085A provides a special signal, ALE, to cause the
low address data to be latched. With this latch in use, the bus
structures of the 8080A and 8085A are virtually identical.
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RAL Rotate A left through 00010111 4
carry

RAR Rotate A right through 00011111 4
carry

SPECIALS

CMA Complement A 00

STC Set carry 00

CMC Complement carry 00

DAA Decimal adjust A 00

CONTROL

El Enable interrupts 11

]| Disable Interrupt 11

NOP No-operation 00

HLT Halt 01

EXTRA B085A INSTRUCTIONS
RIM Read Interrupt Mask 00
SImM Set Interrupt Mask

(=]
(=]

The most versatile interrupt line, INT on the 8080A and INTR on
the 8085A can cause a vector to any location in memory with the
use of external hardware to force a CALL (Jump to subroutine) in-
struction on to the bus. This three byte instruction is best generated
by the 8259A interrupt controller which will provide separate in-
terrupt vectors for up to eight interrupts. A much simpler scheme
can also be used to generate single byte RESTART instructions in-
stead, but of course these vector to fixed locations in low memory.
In addition to this general purpose interrupt, the 8085A has four
additional fixed vector interrupt lines which do not need any exter-
nal hardware support. These inputs, RST 5.5, RST 6.5, RST 7.5 and
TRAP, cause the processor to vector to locations in low memory
positioned between the RESTART vectors which remain available.
The TRAP interrupt puts right one criticism of the 8080A by
providing a non-maskable interrupt which cannot be ignored. This
is useful for important occurrences such as power failure.

One major strength of the 8080A/8085A family is the very wide
range of directly compatible interface devices available. In addition
to the 8259A Interrupt controller there is the 8251A Universal
Synchronous/Asynchronous Receiver/Transmitter (USART), the
8255A Programmable Parallel Interface (PPl), the 8271 Floppy
Disc Controller, the 8278 Programmable Keyboard Interface and
many, many more, including devices made for this family by other
manufacturers such as N.E.C. Both processors are compatible with
a wide range of standard memory components including static and
dynamic RAM, ROM, EPROM, and EEPROM.

APPLICATIONS

Unless you are an existing 8080A fan, there would seem to be
little point in using this processor for new applications since both
the Z80 and the BO85A are actually cheaper and, of course, more
powerful. The 8085A still has a part to play in controller applica-
tions which can make good use of its extra Interrupts, Serial /O
lines, and the useful 8155A peripheral device, but it is really best
suited to applications which are too "big” for one of the single chip
processors like the 8748, but not so big that they need one of the
newer 16 bit devices. For data processing applications the Zilog
Z80 is probably a better choice. Perhaps the main obstacle to using
the 8085A in home projects is the inability to use the 8355A
masked ROM and /O device and the consequent need to use a
standard EPROM such as the 2716 which therefore makes the use
of a bus demultiplexer latch necessary.

PE Micro-file



Y NOW you will no doubt have found the

6 Ty-It cable ties attached to the front of
this issue. Just in case you don’t know what
to do with them (1) here are a few sugges-
tions, some buying information and details
of other related products. Even if you don’t
build any of our projects the ties will be
useful in a number of other applications.

Many of the devices in current use which
have been designed for the specific purpose
of securing electrical cables employ
plastics, either wholly, or as a covering for
stronger materials such as stainless steel or
aluminium. Our free Ty-It ties are made of
nylon and are from the Hellermann Insuloid
range.

Broadly, the range can be divided into
harnessing ties, with the cables only tied to
one another, and fixing ties which hold
single cables or bundles of wires to chassis,
cabinet, machine or cable tray. A third class
provides a solid anchorage for a flexible
lead—say into a domestic appliance—
sometimes with the added feature of a
block terminal.

Ties and fastenings which were once
pieces of string and insulated staples, are
now almost exclusively produced as plastic
mouldings. Some flat metal types are made
in stainless steel or aluminium, but these
are normally plastic covered. Nylon 66 is a
commonly used standard material with a
high tensile strength. For outside use where
weather resistance is needed there is a
special 2 per cent carbon black grade and
there is also a heat stabilised grade which
extends the life at 150 degrees C.

STANDARD TIES

The Ty-It ties are made in tough, fiexible
nylon 66. They are offered in various
lengths and with alternative types of fixing
heads. The size range covers 2-5mm to
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7-6mm strap width with lengths from 120
to 540mm. Note that the length can be
extended in an emergency by joining ties.

It is in the field of flexible ties that the
greatest variety of designs is found, simply
because of the infinite variety of applica-
tions such as TV receivers, business
machines, motor cars, commercial vehicles,
machine tools, switchgear and telecom-
munications, each of which can present
different problems of accessibility, the con-
cealment of fastenings and the panel
material or chassis wall.

There is a variety of mounting bases or
cradles designed for fixing to panels and
walls before anchoring down the loom,
these being arranged to accept standard
nylon ties. Rivet fixing is possible for
releasable and permanent ties where
corrosion-proof anchorage and a sealed
hole are sought. A bolted-on version is
available for restricted spaces and there is a
further version which lifts the loom clear of
the panel surface and is recommended for
tropical and high humidity conditions.

Quickly installed and often very con-
venient is an adhesive base cradle, which
also takes a standard tie. The adhesive
should be checked in the case of high tem-
perature installations.

CLIPS

Successor to the insulated staple
perhaps and useful for domestic appliances,
radio and automotive work are moulded
PVC clips. Screwed down or self-adhesive
{Stiki-Clips) versions are made for single

core cables, pairs or flat twin cables. These
clips save time in securing cables and har-
nesses particularly where fixing holes are
impractical.

APPLICATIONS

For every cable and every situation there
is a potential tying and fixing problem, but
one that has probably been solved before
and its solution entered into the standard
repertoire of the tie maker. Sometimes
cable routing has to be chosen to suit
available fixing methods—for instance to
avoid having to drill holes that will appear
on external surfaces—but even this
problem is now disappearing with the
adoption of self-adhesive devices.

Cable ties have many other uses outside
the original field of electrical wiring. The
securing of large or heavy components to a
p.c.b. and the fixing of light pneumatic or
fiuidic tubing are obvious ones, but in vir-
tually any application where a piece of tape
or string can be used a cable tie will pro-
bably do it better. With this wide range of
fasteners the only limitation is the ingenuity
of the designer in choosing and applying
the right one.

Ty-It Releasable Ties, available in 140mm and 250mm sizes; Ty-It Non-Releasable
Ties, available in 100mm, 150mm and 200mm sizes; Stiki-Clips for 6mm, 13mm and

18mm maximum overall diameter




A compact multimeter with digital read-out

HIS compact multimeter features twenty-one ranges

with six functions. L.c.d. read-out ‘gives excellent
readability with extended battery life. The complete instru-
ment calibration is by one multi-turn trimming poten-
tiometer.

BOARD DESCRIPTIONS

The instrument comprises of two printed circuit boards. The
‘display unit is a self-contained panel meter with l.c.d. read-
out, which measures voltages within the range 0—-200mV. It
displays the magnitude and polarity of the applied voltage.
The other board contains the conditioning circuitry: to
change all inputs into a voltage output in range 0-200mV.

PANEL METER MODULE

The heart of the meter is the 7126 i.c. which is a complete
dual-slope integration analpgue to digital convertor. It con-
sumes typically only 50pA and drives the l.c.d. directly. Com-
ponents R25 and C6 determine the Integrator time constant,
and C7 reduces the susceptibility to noise of the auto-zero
circuit. The l.c.d. has an auto-zero feature which gives a zero
reading when the analogue input is zero volts.

An input filter is formed by R27 and C8 and assists with
overioad protection. The frequency of the internal oscillator
is determined by C10 and R28 and provides typically three
samples per second. The module has a full scale reading of
199-9mV. IC3 is a high stability reference and a potential

divider is formed across this so that VR1 canbe adjusted to-

produce a Ve of 100mV. A low-battery detection circuit is
included to provide advance warning of battery failure
directly on the display.

A potential divider is formed across the supply by R31 and
R33 and when the supply voltage falls below a threshold
level, the collector of TR1 goes high. EX-OR gate IC4a then
acts as an invertor to provide the required drive signal for the
LO BAT warning. EX-OR gate 1C4b output may be used to
drive the decimal points.

CONDITIONING BOARD

The circuit diagram of the multimeter is shown in Fig. 1.

Switch S3 selects d.c. or a.c. functions whilst connecting the

battery to the appropriate circuitry via S3c and S3d. When
‘~the switch is in the centre ‘off’ position, S3a and S3b isolate

the input to the module to prevent damage. Switch sections
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S1a and S1b route the input to voltage, current, resistance
or diode check stages.

For the measurement of the d.c. voltage an input at-
tenuator is formed by resistors R1 to R5 which are high
stability metal film types. The attenuator settings ensure that
each input range is reduced to 200mV full scale for input to
the module. The input impedance of the multimeter is the
standard value of 10 megohms and ensures that negligible
current is drawn from the voltage source.

When a current range is selected, S2b selects one of four
shunt resistors R6 to R9, each of which should develop
200mV with full scale current input. The value of R9 is

-chosen to allow for the effect of switch resistance. A series

chain configuration could have been used for current sensing
but the low value resistors required could be difficult to
obtain.

A fuse protects against excessive input currents and
diodes D1 and D2 protect the instrument from the applica-
tion of high input voltages.

SPECIFICATION
Function F.s.d. Resolution Accuracy Protection
Volts 2V 1mV 1% £ 1 digit 500V for one
{d.c.) 20V 10mv 1% + 1 digit minute
200V 100mV 1% £ 1 digit
500V 1V 1% + 1 digit
Current 2mA 1pA 1% + 1 digit 1A/250V
{d.c.) 20mA 10pA 1% + 1 digit
200mA 100pA 3% + 1 digit
i 2A 1mA 5% + 1 digit
Volts 2V 1mVv 2% + 5 digit 500V for one
{d.c.) 20V 10mvV 2% + 5 digit minute
200V 100mV 2% + 5 digit
500V 1V 2% + 5 digit
Current 2mA 1A 2% + B digit 1A/250V
{d.c.) 20mA 10pA 2% + 5 digit
200mA 100pA 4% + 5 digit
2A 1mA 7% £ 5 digit
Resistance 2k 1 1% £ 1 digit 260V r.m.s.
20k 10 1% + 1 digit
200k 100 1% + 1 digit
2M 1k 1% £ 1 digit
Diode Test 2V 1mv 1% + 1 digit 260V r.m.s.
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Fig. 1. Circuit of the conditioning board
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Fig. 3. Double sided p.c.b. design for the Multimeter
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Fig. 4. Component layout for the p.c.b.

A.C. VOLTAGE AND CURRENT RANGES

When S3a selects a.c. functions, the output from either the
voltage attenuator or current shunts is fed through C1 to
remove any d.c. component.

The operational amplifier IC1 is a TLO61 connected as a
precision rectifier. The j.f.e.t. input results in high input im-
pedance and the supply consumption is only 250pA. Diodes
D3 and D4 rectify the alternating input and the positive
component is sampled by R13 and filtered by R15 and C5.

The circuit is mean sensing and calibrated to indicate the
r.m.s. value of sine wave inputs by establishing the correct
gain of the amplifier stage. The gain is set by R14 and R10
and use of the values indicated will eliminate the need for
calibration. Alternatively, a 10k potentiometer could be sub-
stituted for R10.

RESISTANCE RANGES

In order to minimise the components required for resistance
measurement and eliminate the need for calibration adjust-
ment, a ratiometric method is employed.

For all other multimeter functions, the voltage reference
within the module is employed and the 100mV output is
connected to the module reference inputs via S1c and S1d.
All inputs to the module are thus compared against the
reference voltage. For resistance measurement the supply
voltage is applied across the reference resistor Rr and the
unknown resistor Rx. The voltage developed across each
resistor is dependent upon the ratio of the two resistors and
the value of the unknown resistor may be read directly using
the equation Reading =1000 Rx/Rr. . ‘

Metal film resistors R20 to R23 are used as references. It
would have been possible to use the resistors from the
voltage attenuator but the resistors required are in reverse
order to those for the voltage ranges, resulting in the decimal
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points on the display being incorrectly positioned. Additional
switch sections would be required to provide correct decimal
point location and to isolate R5 from circuit common.

Resistance measurements should not be made on live cir-
cuits but protection against the application of high input
voltage is provided. Thermistor TH1 has a nominal value of
1k at room temperature and diode D7 will turn on at approx-
imately 6-8V to shunt the applied voltage. When D7 draws
current through TH1 the thermistor temperature rises and
due to the positive temperature coefficient the resistance
increases so limiting the input current.

DIODE TEST

When a silicon diode is forward-biased into conduction the
voltage drop across the device is approximately 0-6V. The
200mV full scale of the module is however too low to
measure this voltage drop. When S1 selects the ‘Diode Test’
function, biasing from the battery is available via D5 and
R18. When the applied diode is forward-biased the voltage
drop will be attenuated by a factor of 10 by R24 and R19 to
bring it within the measurement range of the module. If the
2V range is selected the decimal point will be correctly
positioned on the display for direct readout of the diode
voltage. :

If the applied diode is open-circuit or reverse-biased it will
not conduct and the display will be over-range. If the diode
is short-circuit the display will read zero. Because of the
accuracy of measurement available close matching of tran-
sistor Ve can be carried out.

The diode test should not be made on live circuits but
diode D6 will protect the instrument from the application of
high negative input voltages which would otherwise be
shunted onto the supply by D5. Positive input voltages are
held off by D5 and safely attenuated by R24 and R19.

CONDITIONING MODULE

Components should be checked against the component list
and assembly commenced by soldering the through-board
pins in place. As assembly proceeds, the solder pads on the
top surface of the p.c.b. should be soldered to ensure circuit
continuity.

Solder the resistors and capacitors in place, followed by
the diodes and integrated circuit, carefully noting the orien-
tation. The three slider switches should now be fitted to the
p.c.b. and prior to soldering check that each switch is per-
pendicular to the board and pushed down as far as possible.
The fuse clips and fuse may now be fitted followed by the
p.c. mounting terminals, battery connector leads, and ribbon
cable. The other end of the ribbon cable may now be
soldered to the panel meter module.

CONSTRUCTION
A plated-through-hole p.c.b. is used for the digital precision

9V

v+
e+ Fig. 5. Module connec-
Easr Wi eo 2 tions for measuring a
8 cer - - :I floating voltage source
bdrer Lo with 200mV full scale
— L] S and autopolarity indica-
INPUT 1 H
VENE SH v tion implemented
J LS CoM
T
n
ov
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multimeter to simplify assembly. Soldering of components is
required only on the underside of the printed circuit board.

Link LA should be inserted first. Resistors and capacitors
should be positioned followed by VR1, TR1 and the i.c.s. As
the l.c.d. is required to sit over IC1 and capacitors, these
components should be arranged tight to the p.c.b.

The display should be carefully positioned and-all compo-
nents soldered in place.

TESTING

The DPM is a self-contained instrument and may be tested
and calibrated before connection to conditioning modules if
required.

| P —I-
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Fig. 6. Double sided p.c.b. and component layout for the dis-
play board
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Fig. 5 demonstrates how the instrument may be connec-
ted to measure a floating voltage source in the 0—-200mV
range with the DPM powered from a 3V battery. The voltage
between COM and V+ should be approximately 2-8V and
battery consumption about 200pA. When the IN Hi and IN
LO connections are sorted together, the display should be
000. With a 100mV source connected between IN HI and
IN LO the display should read 1000 when VR 1 is adjusted.
Calibration may also be carried out by comparison with a
meter of known accuracy.

The testing of the instrument should be carried out before
the case is fitted and after checking all the soldering the bat-
tery should be connected. With the input switch to 20V d.c.
the display should be 0-00 and the voltage between input

LO and battery positive should be approximately 2-8V. The
voltage between pins 5 and 6 of the module should be
100mV. Apply a 10V input and adjust VR 1 until the display
reads 10-00. Switch to 20mA d.c. and check the reading
with a 10mA source connected. Switch to 20k range and
check that with the input open circuit the display shows a 1
in the most significant digit with the other three digits
suppressed, which is the over-range indication. Connect a
standard 10k resistor and check the reading.

With the instrument switched to 20V a.c. apply a 10V a.c.
source and check the display.

The diode test function should be checked with a known
diode and the reading should be approximately 600mV with
a silicon diode or 300mV with a germanium diode.

WANTED uitrasonic cleaner, small size suitable
small components, must be good condition.
Reasonable price. G. A. Chappel, ‘Auchenreoch’,
Arrochar, Dunbartonshire.

TOKUDEN eight inch twin cone speakers, Eight
ohms, seven watts max. unused £7 the pair. N.
wakeling, 8 Milton Park, Aviemore, Inverness-
shire, Scotland. Tel: (0479) 810 818.
PRE-AMP kit. Already made with ILP trans-
former. No time to test. £40. Tel: Gravesend
23119. Steven Kwan, 28 Ferguson Avenue,
Gravesend, Kent.

16K NASCOM 2 with Gemini RAM card, p.s.u.
graphics ROM. Fully operational mounted in 19
inch rack. £395. A. Gifford, Little Pundells,
Bartley, Southampton S04 2LN. Tel: 042 127
2392 (Evenings).
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PRACTICAL Electronics Sep. ‘77 to date. E.T.I.
April ‘78 to June '81. Everyday Electronics Feb.
‘75 to Aug. ‘77 offers. Mr, A. Pettitt, 2 Caburn
View, Firle, Nr. Lewes, Sussex. Tel: Glynde 492.
WANTED push puli output transformer to
match N78 valves for HMV car radio model
4200. Mr. G. W. Nickolds, 15 Cambridge Rd.,
Lee-on-Solent, Hants. Tel: 560963.

AVO Model 8 MKl small crack on case but fully
working £60. Phone: Tamworth 896522,

ZX81 16K full size keybord leads p.s.u. User
Manual, excellent value £90 o.n.o. D.
Richardson, 26 Kelvin Road, Bellshill,
Lanarkshire ML4 1LN.

UK101 8K CEGMON, numeric keypad, P.S.G.,
300/600 Baud, R.T.S. output, cased, fan. Lots
software £165 o.n.0. Brian Andrews, 77 Valiant
Hse., Valley Grove, Charlton S.E.7. Phone after
Bp.m. 853 4171.

WANTED coil winder, hand or motor driven for
transformer winding. H. E. Enfield. Phone
412058. "Springtime”, Withies Lane, Midsomer
Norton, Avon, BA3 2JE.

P.E. STRING ENSEMBLE, only needs wiring
up. Complete £90 ono. Pair of 38 radio sets-—
offers. L. Fletcher, 21 Shakespeare Avenue, An-
dover, Hants SP10 3DR. Tel: Andover 65368,
WILL PERSON from Aylesbury, who sent cash
for book, my recent advert send name and ad-
dress. G. A. Noble, 50 Crofthill Road, Slough,
Berks SL2 1HF.

UK101, 8K, cased, 300/600 Baud, lots s/ware,
computer mags. £120 o.n.o. Tel: (0384) 75168
{after 4.00 p.m.). lan Lavender, 288 Stourbridge
Road, Holly Hall, Dudley, West Midlands.
WANTED ZX80 with manual and circuit
diagram. 94 The Straits, Dudley, West Midlands
DY3 3BH.

UK101 8K 2MHz. Four premier cassettes. Malik
invaders and fruit machine. Many programs from
magazines £110. T. C. Smith, c/o T. M. Cralg,
129 High St., Dumbarton, Strathctyde (Mornings).
WANTED service manual or circuit diagram for
Tektronix type 56 1A Oscilloscope. Mr. J. Bowen,

-41 Lower Gardiner Street, Dublin 1, ireland. Tel:

01-74 52 00.
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T LAST after a five month long wait the Sanyo LC7137

PLL synthesiser has become generally available in the

UK. {No explanation by Sanyo or their distributors for this
delay, although one may hazard a guess.)

This device has been utilised in the following circuitry and
is capable of producing the required frequencies for receiv-
ing and transmitting 27MHz FM CB signals. The circuitry is
very versatile indeed and has a muitiplicity of inputs/outputs
that may be combined with crystal controlled portables
(such as the PE Ranger}, FM communications receivers and
FM transceivers operating in the 26 MHz to 28 MHz band.

The solution is a great deal more straightforward than em-
ploying the synthesiser techniques adopted by some com-
panies which may use up to three separate i.c.s plus two or
three different crystals. ;

The LC7137 is a 20-pin CMOS i.c. that forms a single
crystal PLL system. It may be programmed via a 6-bit BCD
input using an encoded switch or BCD logic. The receive
local oscillator is generated directly with a 10-695MHz (low)
IF offset; however, this may be mixed with the 10.24MHz
crystal frequency to produce the local oscillator output with
a 455kHz (low) IF offset. The transmit frequency is
generated at half the output frequency. This is because the
maximum input frequency of the programmable divider is
20MHz and at this lower frequency the modulation charac-
teristics are more linear.

HAVE YOU HAD YOUR PLL1

Phase-Lock-Loop frequency synthesisers have become
standard in all 40 channel CBs and communications
receivers. These techniques have eliminated the use of
separate crystals for every channel. The actual concept
stems from as early as the 1930s but until it became
available in an i.c. its use was not generally cost effective.
Many of the earlier PLL devices were of the analog type,
but the advanced types such as the LC7137 and its
hierarchy are digital in operation. We must thank the
American CB market for the development of the PLL over
the last ten years. The first generation synthesisers em-
ployed as many as nine i.c.s; however, the availability of LS}
(Large Scale Integration) devices over the last few years has
reduced the number to not more than two.

IT'S ALLDONE WITH FREQUENCY

Fig. 1 shows the equivalent block diagram and external
components. The important features are an on-board crystal
oscillator, reference divider, programmable divider with
associated ROM decoding logic and phase detector.

The reference frequency of 5kHz (5.-000226kHz) is
derived from the 10-2405MHz crystal frequency by dividing
down by 2048. In practice a standard 10-24MHz crystal
may be trimmed to this frequency. The reference frequency
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is not exactly 5kHz since the programmable divider uses
only 4 decades to achieve the UK 27MHz CB specifications
with the 1.25kHz “offset” x\however, the final frequencies
are well within the tolerances and this error will not affect
the transceiver performance.

A BCD signal is applied via the channel data inputs,
D1-D6, to the internal ROM. Table 1 shows the program
data against the channel number and internal divisor ratio.
Data lines D1-D4 form the “units” digit of the channel code
(D1 = LSB) and D5 and D6 form the “tens” digit of the code
{D6 = MSB), the next two bits of the “tens” code being un-
necessary.

The internal memory decodes this data and changes the
divisor ratio depending on the channel and if RX or TX is re-
quired. The ratio of the RX to TX divisor values is due to the
RX fregencies being generated with the 10-695MHz IF
offset and the TX frequencies being generated at half the
output frequency.

For example, channel 20, RX frequency = 27-79125MHz-
10-695MHz
TX frequency = 27-79125MHz/2
thus RX/TX = 1.23033
Ratio of actual divisor ratio = 3419/2779
= 1.23029

These ratios are not exactly correct as described earlier;
however, this error is very small indeed and does not
significantly change the receive frequency.

The programmable divider thus divides down the input
frequency to approximately 5kHz. This is then compared
with the 5kHz reference signal in the phase detector. This, as
with most of the other internal circuitry, is achieved digitally.
In this application the phase detector has three possible con-
ditions of its output circuit, i.e. it provides three states to the
following circuit, the loop filter. These are, an off state, a
negative going state and a positive going state. When the
loop is locked, i.e. the VCO is running at the correct fre-
quency and the divided down input frequency and reference
frequency are exactly in phase, the detector is in the off state
and no error signals are generated. When the divided down
input frequency lags behind the reference frequency the
detector's output pulses are negative going, and when it
leads the reference frequency the output pulses are positive
going. These output pulses are inverted and amplified in an
active integrator stage between the detector and VCO to
provide the proper direction of bias change on the varicap
diode controlling the VCO.

40 CHANNELS FOR ALL
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xout

T/R
TEST
Voo

Vss

CONOTBWN =

ag

—
PlN‘—[g——-'

Reference
divider

===

Programmable
divider

]

Unlock signal detection
and expansion circuit

-

ROM

Phase detector

and charge pump

s

gl

Channe!
Frequency
27-60125
27-61125
27.62125
27.63125
27.64125
27-65125
27-66125
27.67125
27.68125
27-69125
27.70125
27-71125
27-72125
27-73125
27-74125
27-75125
2776125
27-77125
27-78125
27.79125
27-80125
27-81125
27.82125
2783125
27.84125
27.85125
27-86125
27.87125
27.88125
27-89125
27-90125
2791125
2792125
27-93125
2794125
2795125
27.96125
2797125
27-98125

2799125

Program Code
D,D,D; D,D; D

@

0-0-0-0-0-0-0—-0=20-0-20—-0-0-0—-0—-0—-0=20—-0—-0 -
OO =-— 00 -20000-=200-20000--00--0000--00—-=-0
000 -=-2-000000--=2-000000—-=2—-2000000==-==000
0= 200000000 —--00000000—~~00000000~=-000000O0
0Om BNt 0000000000~~~ 2202000000000
O R B G m B A A A A A P A . L L2 L 00000000 —~00000000 00

L4

A Out

D6 CH19 CH9 AIN
RX (T/R=1) TX (T/R = 0)

Divisor VCO Freq. Divisor VCO Freq.
3381 16-9057 2760 13.8006
3383 16-9157 2761 13-8056
3385 16-9257 2762 13-8106
3387 16-9357 2763 13-8156
3389 16-9457 2764 13-8206
3391 16-9557 2565 13.8256
3393 16-9657 2766 13-8306
3395 16-9757 2767 13-8356
3397 16-9857 2768 13-8406
3399 16-9957 2769 13-8456
3401 17-0057 2770 13.8506
3403 17-0157 2771 13.8556
3405 17.0257 2772 13-8606
3407 17-0357 2773 13.-8656
3409 17-0457 2774 13-8706
3411 17-0557 2775 13-8756
3413 17-0657 2776 13-8806
3415 17.0757 2777 13-8856
3417 17.0857 2778 13-8906
3419 17-0957 2779 13-8956
3421 17.1057 2780 13.9006
3423 17-1157 2781 13-9056
3425 17-1257 2782 13:9106
3427 17.1357 2783 13.9156
3429 17-1457 2784 13.9206
3431 17-1557 2785 13-9256
3433 17-1657 2786 13-9306
3435 17.1757 2787 13-9356
3437 17-1857 2788 13:9406
3439 17-1957 2789 13:9456
3441 17.2057 2790 13:9506
3443 17-2157 2791 13-9556
3445 17.2257 2792 13-9606
3447 17.2357 2793 13-9656
3449 17.2457 2794 13.9706
3451 17.2557 2795 13-9756
3453 17.2657 2796 13-9806
3455 17.2757 2797 13-9856
3457 17.2857 2798 13-9906
3459 17.2957 2799 13.9956

Fig. 1. Equivalent circuit
block diagram

Table 1. Program

data versus divisor

ratio and frequency
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Fig. 2d. Display and BCD generator section. Pins 6 of IC3 and IC6 are connected to OV

A loop filter follows this stage in order to smooth the
phase detector output so that a d.c. voltage can be fed to the
varicap diode. Thus, as the VCO frequency drifts slightly,
the phase detector will sense this and will counteract this
change by subsequently changing the bias on the varicap
diode.

OPERATION

The VCO comprises TR1 (see Fig. 2) which is biased in
such a way as to oscillate at a frequency determined by the
equivalent series load inductance and capacitance present
between the base and emitter connections. This comprises
C1, L1 and the series loading of C3 and C2 with D1 and D2.
The frequency is changed by altering the bias on D2, the
varicap diode. This semiconductor device exhibits the
property of changing capacitance when the reverse bias
voltage is altered. The varicap diode is chosen to have a high
Q, low reverse leakage and linear characteristics. The series
capacitors C2 and C3 alter the relative effects of the varicap
on the oscillator frequency. The output of the VCO is fed
from L1 via C6 to a buffer amplifier TR3, and then into the
PLL i.c. The loop output of the i.c. is amplified and then fed
via R1 to a final filter comprising R2 and C7. The d.c. bias is
then fed to D2. :

On TX the VCO changes from approximately 17MHz to
13-5MHz, half the final TX output frequency. To achieve op-
timum linearity and keep the VCO and PLL locked the VCO
frequency is pulled down to this range by switching in VC1
and C8 by turning on TR2.

The modulation input, which only requires to deviate the
VCO frequency by a few kHz, is fed via C10 and R9 to D1.
Note the different value of series capacitance, C2 compared
to that of C3, required to tune the VCO over the complete
band. The buffered output of the VCO is fed via C13 or C21
to the RX mixer section and TX RF driver section. To prevent

50

any interference the TX circuitry is only powered up during
transmit. TR8 and TR9 are used to switch the supply to the
TX circuitry and change the logic on pin 20 of IC1, the
RX/TX select. This input is TTL and CMOS compatible.

Transistor TR4 forms a frequency doubler circuit where
the collector is tuned to 27MHz by L2 and C22. The output,
rich in harmonics, is fed to a further amplifier stage con-
sisting of TR5. The output of this stage is also tuned to
27MHz by L3 and C30.

TR6, a dual gate f.e.t., is employed in the receive circuitry
to mix the VCO output with the 10-24MHz reference signal
to produce the local oscillator output with a 455kHz IF
offset. This section of the circuit may be omitted if an IF
frequency of 10-695MHz is to be used. Again, as with the
previous circuitry, the loads are tuned to remove as many
harmonics and unwanted mixer products as possible. TR7
forms a buffer amplifier producing roughly 0-5V to 0-8V of
RF signal.

The BCD channel coding is formed by two up-down coun-
ters, IC3, a BCD type and 1C4 a binary type. The reason that
IC4 is binary and not BCD coded is that as only the two
LSBs of the counter are utilised no special reset lines are
necessary to reset the counters from 39 to 00 on the up
count and vice-versa on the down count. IC7 converts the
BCD signal, 0000 0000 to 0100 0000 so that channel 40 is
displayed corresponding to the BCD code 0000 0000. Refer
to Table 1 for coding. The up-down select and clock pulses
are produced by IC2, a quad two input NAND gate. Two
gates form a pulse generator with a duty cycle determined
by R42, R43 and D5. The other two gates form an enabling
circuit which allows the pulses to clock the counters and
select up or down. On power-up the counters are preset
with the BCD number corresponding to channel 14. IC5
and IC6 decode the BCD signals and drive the 7-segment
displays.
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ADAPTION

The circuitry shown may be used in conjunction with
"several different types of equipment as discussed in the in-
troduction. IF frequencies should be injected into the ap-
propriate mixer section of the receiver. The higher 10-695
MHz IF frequency should always be used if possible to give
the highest value of image rejection. Note that any existing
inputs to the receiver’'s mixer should be inhibited or spurious
outputs will cause serious interference.

On TX the input waveform should preferably be from a
speech processor, i.e. amplitude and band limited to prevent
over modulation and non-linearity distortion. The TX output
should be connected to the pre-amplifier stage of the
transmitter, which should be tunable to 27 MHz.

The circuitry may also be connected to the PE Ranger. The
modulating input should be connected to test point j, the
output of the speech processor. To facilitate 40 channels,

Practical Electronics November 1982




one of the 6 channel selections in the Ranger must be in-
hibited, i.e. the TX and RX crystals shorted or switched out
of circuit to prevent interference. The two RF connections to
the synthesiser board from TR3 (base) and IC101 (pin 1)
should be via 50 ohm screened coax. terminated with BNC
or other suitable miniature RF connectors at the cases. The
TX/RX sense is connected to test point h.

TESTING AND ALIGNMENT

The unit is fairly simple to align. After it has been con-
structed and fully checked it should be powered up with a
9V to 12V supply. The channel display should indicate chan-
nel 14. If not, the load inputs to IC3 and IC4 (pins 3, 4, 12,
13) and the preset enable lines (pins 1) should be checked.
On depressing the up or down switch the display should
toggle at a reasonable rate. if not check 1C2 and associated
components. Assuming this is all correct check with the aid
of an oscilloscope that the VCO and reference oscillators are
working (TR3 collector and IC1 pin 12). With S1 in the
off position, i.e. RX selected, measure the d.c. voltage at
TP1 and adjust the core of L1 to produce a range of
approximately 2V to 3V from channel 1 to 40. If the
voltage at TP1 is either high or low continuously then
check the BCD code input to IC1 and the associated
components of IC1 and the VCO. Switch S1 on, ie. TX
selected, and adjust VC1 to produce the same voltage range
at TP1 from channel 1 to 40. Repeat the alignment again
and re-adjust L1 if necessary. With S1 off tune L4 and L5 for
maximum local oscillator output. Re-tune when connected
to a receiver for maximum receiver sensitivity. With S1
selected and a 50 ohm dummy load on the output socket

Practical Electronics November 1982

+12V SUPPLY

!

AUDIO 40 Channel
MODULATION IN > Synthesiser

i RF (Tx)OUT

LOCAL OSCILLATOR
OUT 10-695 MHz If

-
I
% 10-264MHz OUT

Rx/Tc SENSE ({Haveadigel
Tx=1

Fig. 5. Connection to a communications

receiver/transceiver
+12V SUPPLY
= | & RF(Tx)OUT TO
40 Channel TR3 (Base)

]
AUDIO =34  Synthesiser
MODULATION IN | 5 LOCAL OSCILLATOR

c QuT TO IC100(Pin1)
A Rx/Tx SENSE

455kHz [F
TPh

Fig. 6. Connection to a PE Ranger

tune L2 and L3 for maximum RF output, with least visible
harmonic content. With a frequency counter connected to
the Tx RF output, and with Tx selected, adjust VC2 to give the"
correct channel frequency (as shown in Table 1) to five
places over the whole range. VR1 should now be adjusted
to give adequate audio modulation. This is best checked
with the use of a FM CB monitor or CB rig. Remember that
over- modulation (<+2-5kHz) will not only cause distortion
on some FM receivers and/or cross channel interference, but
is @ contravention of the Home Office regulations.

Due to the nature of this circuitry, the author can-
not accept any responsibility whatsoever for the
specifications of any system that may be used in con-
junction with the described article.
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MODULES FOR SECURITY & MEASUREMENT

CA 1250

This exciting new module offers all the possible
features likely to be required when buiiding an
mlruderalarm syslem Whether used with only 1 or
] orin I 1 with several
uitrasonic alarm modules or infra-red units, a really
effective system can be constructed at a fraction of
the cost of comparable ready-made units. Supplied
with a fully explanatory Data Sheet that makes
nstallation straight forward, the module is fully
tested and guaranteed.
*available in kit form £16.95 plus VAT,

@ Stabilised output voltage

® 2 operating modes - full alarm/anti-tamper and
panic facility

® Screw connections for ease of installation

® Separate relay contacts for switching externat
loads

® Test loop facility

® Built-in electronic siren drives 2 loud speakers

@ Provides exit and entrance delays together
with fixed alarm time

® Battery back-up with trickle charging facility

® Operates with magnetic switches, u/sonic or
L.R. units

® Anti-tamper and panic facility

ULTRASONIC
ALARM
MODULE

UsS 4012

Fully built
& tested

Adjustable range
frbm 5ft. to 25ft.

A really

effective fully built

module containing both

ultrasonic transmitter and

receiver and circuitry for providing

false alarm suppression. This module,
together with a suitable 12V power supply
and relay unit as shown, forms an effective

though inexpensive intruder alarm. Supplied with
comprehensive Data Sheet, it is easily mounted in a
wlde range of enclosures. A ready-drilled case and necessary

hardware is available below.

DIGITAI. VOLTMETER MODULE DVM 314

Fully built & tested

Power Supply & Relay
Units PS 4012 £4.25 +var

Provides a stabilised 12V output and relay with 3A
contacts. The unit is designed 1o operate one or two
_of the above ultrasonic units. Fully built and tested.

Hardware Kit
HW 4012 £4.25 . var

A suitable ready-drilled case with the various mount-
ing pillars. mans switch socket and nuts and bolts.
Designed 1o house the ultrasonic alatm module

® Positive & negative voltage with an FSO of

together with its power supply.

999mV which is easily extended
” &*g‘” ® Requires only single supply 7-12V
[\ \ & @ High overall accuracy - 0.1% + 1 digit
qv\ ® Large bright 0.43" LED displays
® Supplied with full applications data
With this fully built and calibrated module a wide range of accurate equipment such as multimeters,
thermometers, battery indicators etc. can be constructed at a fraction of the cost of ready-made units. Full
details are supplied for extending the voitage range. ing current, resi and P
Fuily guaranteed, the unit has been supplied to electricity aulhomues. Government departments, elc.

Siren Module
SL 157

speakers 10 SPL of 110db at 2M.

loops or other break to activate circuits.

Temperature Measurement Kit DT.10 £2.25 +var

Using the I.C. probe supplied. tus kit provides a linear output of 10mV°C over the temperature range
from 10°C to + 100°C. The unit is ideal for use in conjunction with the DVM module prowiding an
accurate digital thermometer.

Power Supply PS.209 £4.95 +var

This fully built mains power supply provides two stabilised isolated outputs of 3V, 250mA each. The unit
is ideally suited for operating the DVM and Temperature Measurement module,

to all orders,

(Wed. 9.00 - 1.00 p.m.)

welcome. S.A.E. with all
enquiries,

£2.95 4+ var

Produces a loud and penetrating sliding tone operat-
ing from 9-15V. Capable of driving 2 off 8 ohm

Contains an inhibit facility for use with shop lifting
Add VAT & 50p post and packing
Shop hours 9.00 - 5,30 p.m.

Units on demonstration - callers

Size: 153mm x 120mm x 45mm.

ACCESSORIES

3-position Key Switch for use with
CA 1250, supplied with 2 keys

£3.43
£1.17
£4.95

Magnetic switch {with magnet)

57 Horn speaker for use with SL 157

RiSCOMP LiMIiTED
Dept: PE 11

21 Duke Street,
Princes Risborough, Bucks.

Princes Risborough (084 44) 6326
Please allow 7 days for delivery

PE SPECIAL CASSETTES OFFER
V.H.S. VIDEO C90 AUDIO

V.H.S.E180 VIDEO (3 HOURS) CS0LH CASSETTES

£7.65 each (minimum of 5); £7.50 each 56p each (minimum of 5);
{min. 10); £7.44 each (min. 15); £7.40 {minimum of 25).

each (min. 20) including VAT and postage. Prices include VAT and postage.

53p each

Over the last couple of years PE offers arranged with Videotone have proved highly suc-
cessful and we have now been able to arrange special prices {only available to PE readers) on
these high quality tapes.

We believe these tapes are excellent value and we are pleased to offer them to readers.
They are covered by a money back guarantee {return within 21 days for refund). Not only are
the tapes of high quality but the cassettes are of screw together construction and the case
labels have space for notes on the recordings.

Send valid coupon to:
Videotone Ltd., 98 Crofton Park Road, Crofton Park, London SE4.

-

I Please sendme .. ... ... V.H.S. 3-hour Video tapes at£. . . ... .. each. (£7.65 for |
5109, £7.50 for 10 to 14, £7.44 for 15 to 19, £7.40 for 20 or more; including VAT
| & postage.)
| - Please send me ........ C90LH Audio tapesat ........ p each. {(66p for 5 to 24, I
(g 53p for 25 or more; including VAT & postage.) |
: E‘ | enclose cheque/POfor £ ............oocooiiiiiiii.. NON Srrrer . T et |
' 2 NI B0 et 0 om0 a0 e e o S S S I
I AT I eSS P T o - i ..« Pt et ST oL 1+ o
z |
-
I T o v e o o I
I BB 00000 00 0 oo 0eaid . 08 d oo e o i - IR U I—— -~ 99500000
o I
-l
I 8 T, o 0 0o 0o . === A S |
' Coupon valid for posting before 12th November ‘82 l

{or one month later for overseas readers).

TR g E—

56

BEGINNERS GUIDE TO

MICROPROCESSORS
by Parr E. A. Price: £4.50

ELECTRONIC DEVICES & COMPANIES
by Seymour J. Price: £10.50

A PRACTICAL INTRO TO ELECTRONIC
CIRCUITS
by Jones M. Price: £7.50

ESSENTIAL ELECTRONIC AN A-Z GUIDE
by Loveday G. Price: £6.75

ADVENTURES WITH DIGITAL ELEC;R&NICS

by Duncan T. : £3.25
PRINCIPLES OF INTERACTIVE COMPUTER
GRAPHICS

by Sproull R. Price: £10.25

MICROCOMPUTER TECHNOLOGY AN INTRO
by Uliman J. Price: £5.75

COMPLETE HANDBOOK OF MAGNETIC
RECORDING J
by Jorgensen F. Price: £8.50

COMPLETE HANDBOOK OF VIDEO
by Owen D. Price: £10.00

H.F. ANTENNAS FOR ALL LOCATIONS
by Moxan L. Price: £7.50

% ALL PRICES INCLUDE POSTAGE *

THE MODERN
BOOK CO.

BRITAIN'S LARGEST STOCKIST
of British and American Technical Books

19-21 PRAED STREET
LONDON W2 1NP

Phone 01402 9176 Closed Saturday 1 p.m.
Please allow 14 days for reply or delivery.
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SEMICONDUCTOR

UPDATE

R.W.Coles

FEATURING 1MS26000 X2816A X2804A S3610 S3620

INMOS WINNER

Inmos, the world-class semiconductor
memory manufacturer set up and largely
funded by the British Government, is con-
tinuing to expand its share of the memory
market by introducing new devices which
are, quite simply, better than those
produced by either the American or the
Japanese competition. This is a deliberate
policy designed to allow Inmos to join the
memory race as a market leader without
the need to make vast quantities of the
common-or-garden memory components
already supplied by all the longer es-
tablished manufacturers such as Texas,
Motorola, Intel, N.E.C. and others. One day
Inmost expect to compete directly in those
markets too, and already they have a new
production facility in South Wales to add to
their design centre in Bristol and their first
production unit in Colorado, but for the
moment Inmos are concentrating on the
premium memory market where profits are
higher and quantities lower. After success
with their high speed 16K static parts,
Inmos have now released their long
awaited 64K dynamic, and it does seem to
have been worth the wait! Their brand new
IMS26000, organised as 64Kx1-bit, i$ the
fastest dynamic RAM available anywhere,
and it offers features which show it to be a
second generation approach to the 64K
DRAM design problem.

Most important in the long run may be
the CAS before RAS refresh feature which
has the effect of releasing a package pin so
that upwards compatibility with the next
generation 256K devices is possible. To get
a 64K memory into a 16 pin package the
16-bit address is multiplexed as two 8-bit
bytes strobed by the Row Address Strobe
RAS, and the Column Address Strobe CAS.
Normally CAS follows RAS and these
signals are produced by an external
dynamic RAM controller chip which also
has the job of issuing a sequence of refresh
cycles which interleave with normal
memory cycles to prevent the capacitor
storage cells from “forgetting.” The refresh
addresses are generated by an on-chip
counter activated via pin 1 which unfor-
tunately will be needed for A8 in the 256K
chip when it appears. To keep pin 1 spare,
Inmos detect the use of CAS before RAS to
signify a refresh cycle, since this sequence
is not used during a normal read or write
access. The result is that circuit boards can
be laid out now for 64K chips with a drop-
in upgrade to 256K possible later. '

Another IMS26000 innovation is “‘nibble
mode” which allows the already fast 100
nanosecond access time of the chip to be
reduced to only 55 nanoseconds for
sequential four bit “‘nibbles”. This feature is
made possible by the internal memory
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organisation which actually gains access to
four bits at a time even though only one of
the four available is selected for output.
With the IMS26000 a sequence of four
CAS pulses will allow all four bits to be
shifted out at high speed if required.

ROM THAT THINKS IT'S A
RAM

After the EPROM, which had to be
erased with U.V. light, came the EEPROM
which can be erased and reprogrammed
electrically by the application of high
voltage pulses. EPROMs are still cheaper
than EEPROMS; also, having to have high
voltages and programming components on
the circuit board can be a nuisance, and so
the apparently more convenient EEPROM
devices are nowhere near as popular as
their EPROM predecessors. If, as is likely,
the cost advantage of the EPROM is main-
tained in the future, the EEPROM will never
replace it for normal program memory use
and will be restricted only to those applica-
tions where the rewriting of non-volatile
memory data is an especially desirable
feature in itself.

Even if the price advantage of EPROMs
cannot be removed, it /s at least possible to
overcome the technical disadvantages of
the EEPROM technology as Xicor have
demonstrated with a pair of new devices
coded X2816A and X2804A. The great ad-
vantage of these two devices is that they do
not require either the high voltages or the
special programming circuitry needed by
previous EEPROMs, and this makes them
especially easy to use. In fact, these new
chips appear to the rest of the system like
RAM chips, and are actually pin compatible
with byte-wide RAMs such as the Mostek
4802, with the main difference being that
you can remove the power supply from the
EEPROM without disturbing the stored
data!

The X2816A and the X2804A can be
read just like RAM chips, in 300 nano-
seconds. Writing new data takes much
longer at 10 milliseconds, but the “‘span-
ner” which this might otherwise throw into
the works of RAM compatibility is avoided
by having address and data latches within
the package. The system carries out a nor-
mal (fast) write cycle, but this is stretched
internally by the EEPROMSs to provide the

required 10 milliseconds. The only restric-

tion placed on the system is that the
software should not try to program another
location until at least 10 milliseconds has
elapsed, although during the pause other
system activities can take place if required.
Now if you lay out your microprocessor
board to take 24 or 28 pin memory sockets

it is possible to decide later whether you
plug in a static RAM (for short term data
storage), an EPROM (to contain the
program} or an EEPROM (to store long
term but alterable data). All three options
will work from a single 5 volt supply and
will not require special programming or
refresh circuitry.

The Xicor X2816A has a 2Kx8 format
and the X2804A provides 512x8.

NATURAL VOICE

According to information theory, you
need to take at least two samples during
the period of the highest frequency when
attempting to encode analogue signals
digitally. For speech, this means a sampling
rate of about 8kHz, so if we assume 8 bits
per sample to give a reasonable quality we
can predict the need for a 64K bit ROM to
store just one second of speech.

ROM devices are getting cheaper all the
time of course, but they will have to get a
good deal cheaper and bigger to make
simple sampling a viable method of digital
speech encoding. Fortunately, ways have
been found to encode speech with fewer
bits by the elimination of the redundant in-
formation which speech signals contain. By
this means, the size of the store required
can be reduced by a factor of about one
hundred. Linear Predictive Coding (LPC) is
one such encoding technique which was
championed by Texas Instruments and
used, for example, in their “Speak and
Spell” learning aid. {f you have used the
“Speak and Spell” you .will be rightly im-
pressed by the great benefits that digitised
speech can bring, but you may also be less
than happy about the clarity of the speech.

A new device from AMI Microsystems
which uses a modified LPC technique, is
claimed to provide a higher quality speech
signal than has hitherto been possible with
ordinary.: LPC. The manufacturers call their
new speech technique “Natural Voice” and
are currently making it available on two
chips, the S3610 which has an internal
20K ROM for 17 seconds of speech, and
the S3620 which can use an external 128K
ROM (the $S3630) to give up to 110
seconds. Apart from the promised advan-
tages of the “Natural Voice” technique
which | haven’t been able to sample yet,
the thing which appeals to me is AMI's
“one-chip” approach to speech synthesis.
The $3610 for example has an internal 30
milliwatt audio amplifier and- needs only
two capacitors and a cheap crystal to add
speech to any instrument or toy. No doubt
these chips will soon be available with a
standard vocabulary so that we can all have
a go. The chips are made in CMQOS, run
from a single 5 to 8 volt supply, and have a
great deal to say for themselves!
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T HE p.c.b. designs for the input, output and auxiliary chan-
nels are shown in Figs. 1, 2 and 3 respectively with their
component layouts shown in Figs. 4, 5 and 6. Note that the
p.c.b.s are shown in two sections and should be joined along
the X-X axis making sure that the tracks are aligned properly.
Each p.c.b. should be assembled by first fitting the wire
licks then the resistors, i.c. sockets, semiconductors and
capacitors.

Take care that the jack sockets and potentiometers fit
flush with the p.c.b. as these parts have to mate up with the
metal work. The push switches can now be inserted but they
should not be soldered. After the module panel has been
fitted to the p.c.b. and the potentiometer retaining nuts
tightened the push switches should be adjusted so that they
do not interfere with the metal work. When the switches
have been adjusted they can be soldered into position.

The slider switches should be mounted last on the input
and output channels along with the mounting socket SK1.
On the auxiliary channel the microphone and pre-fade listen
jack socket wires should be twisted before being soldered to
the p.c.b. Tinned copper wire can be used for wiring the talk
back switch.

After all the channel boards have been soldered carefully
check each one for any solder splashes or incorrectly placed
components.

The p.c.b. design for the bus board is shown in Fig. 7, the
thick tracks are for power supplies and the thin tracks for
signals. The number of bus boards required depends upon
the number of channels incorporated into the mixer, one bus
board is required for every six channels used. Ten way pin
blocks are used to connect the power supplies and signals to
and from the bus board to each channel. After the pin blocks
have been soldered onto the board (Fig. 8) trim off the
excess pin lengths on the underside. The bus board can now
be fitted into the case using spacers to prevent the pins
being shorted to the chassis.

Make certain that the 4 signal tracks are facing the front
of the mixer. If more than one bus board is used they should
be joined together using 24s.w.g. tinned copper wire
covered with rubber sleeving. The mains supply lead should
be connected to the bus board as shown in Fig. 9.

TESTING

The input channels are relatively simple circuits; only 4 op
amps are used to perform the amplification and tone control
functions. Inject a 1Vpp sinewave into the line input, select
LINE operation. The output signal seen at the SEND jack can
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SEMI-PROFESSIONAL

MIXING DESK

Part Two

TimOrr

be varied from 0-3Vpp to 18Vpp {(with FLAT selected) by
rotating the GAIN control pot. Now select the MIC mode
and inject a 10mVpp signal into the MIC jack. The signal
seen on the send jack should be variable over a range of
63mV to 6-3Vpp. In all cases the output signal should be
free from distortion and clipping. ‘Note that the LEVEL
DETECTOR l.e.d. should come on and stay on when the
SEND level exceeds +4dBm (3-5Vpp). The noise perfor-
mance of the input amplifier can be measured, but only if
you have the use of the equipment shown in Fig. 10. The
procedure is as follows. Remove all inputs and select MIC
operation and maximum gain. Also select FLAT operation
and measure the noise voltage at the SEND jack. The
theoretical input noise is 1-46uVr.m.s. which when multi-
plied by the MIC gain of 56dB results in an output noise
voltage of 0-9mV r.m.s. If the input noise is significantly
bigger than this then check that the gain is actually 56dB.
Wrong resistor values may give you a high preamplifier gain,
and hence more apparent noise. Also IC1 may be more noisy
than other devices. It is not uncommon to select the input op
amp for low noise operation. If noise is a problem then check
for dry joints or other microphonic faults. When using the
MIC input at full gain you will hear the preamplifier noise,
this is not a fault. The important parameter in all audio
equipment is the signal to noise ratio and not the absolute
noise level. If the microphone input signal level is 1-46mV
r.m.s. then the signal to noise ratio will be 60dB, which is
not very much worse than most semi-professional tape
recorders. A microphone signal level of 1-46mV r.m.s. is
quite a small signal level. In cases like this the best advice
is to move the microphone nearer to the object being
recorded!

TONE CONTROLS

The tone controls can be tested either with test equip-
ment or by listening to pre-recorded music through them. in-
ject a sinewave source into the LINE input, set S2 to EQ and
monitor the signal at the SEND jack. The frequency response
can be plotted out by varying the sinewave frequency and
recording the gain changes. These responses should con-
form to those shown in Fig. 2 last month. However, no one
would want laboriously to plot the frequency responses of
18 tone control units using this method! The best method
for determining a circuit’s frequency response is to inject a
swept sinewave and to monitor the output waveform on an
oscilloscope. However, if you do not have access to this
equipment, then a listening test is quite adequate. Note that
the TONE CONTROL section actually provides gain and so it
is possible to amplify the system noise. If any of the controls
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Fig. 5. Component layout for the Output
Channel

Fig. 6. Component layout for the
Auxiliary Channel
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Fig. 7. Bus bar p.c.b. design

MOLEX 10WAY PIN BLOCK
5 {6 OFF PER BUSBOARD)
SCREW, M3 PAN HD i
12mm LONG ¥

e e e s ik ity

BASE OF
MIXER

.
CROP PINS TO PREVENT

SHORTING TO BASE

PILLAR, 4mm LONG
THREADED M3

Fig. 8. Mounting details for the bus blocks

SA MAINS CABLE
Ensure that the right hand chasst:
uRlst Ir:l g output gunll;(see the pr?nhng
on the rear)

Cha: Its SADLE
SSS UN

fixed (ggelhor GEAM
by Mé slrews .

inseried trom

left to right

\ I PIN 180°
DIN PLUG
E' Wire colours

—12V. Blue

4 ov. Green/
yellow

+12V. Brown

Fix end an? front
wooden trims

using wood screw?ﬁ &
from inside.

PCB LINKS~ o
24SWG TINNED COPP
WIRE, RUBBER SLEEVED.

Fig. 9. Wiring and layout for the Bus boards

Bus board link wiring

Equivalent
input noise Output noise
INPUT 0to20kHz TRUE RMS
ND LIMITING ac
Input shorted En I FILTER YOLTMETER
to ground e
A Band limited output
noise voltage
W
{ Voltage gain }
of Av
Fig. 10. Arrangement for measuring the equivalent in-

put noise

operate at the wrong frequency or produce a wrong gain
change then check the circuit for correct component values.
All the pots and switches in the input channel should be
almost noiseless and clickless when operated. If this is not
the case then check the circuit for correct components or
mechanically faulty pots.

The input channels consume about 15mA from each rail
rising to nearly 30mA when the LEVEL l.e.d. comes on. All
the op amps shouid have very little d.c. offset on their out-
puts. Typically the offset will be + 10mV. Larger offsets may
well cause crackle when control pots are rotated. The two
integrators in the MIDDLE tone control may have larger
offsets but this will not degrade the performance.
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Auxiliary Channel with the front panel layout shown in (c)
NEXT MONTH: P.S.U. construction and using the Mixing Desk.

T

-
-
g

1

(a)

FREE! READERS’' ADVERTISEMENT SERVICE

BAZAAR |

RADIO CONTROL 3-5MHz 4 channel Tx-Rx, 4
servos, charger, boxed. Plus glider, unflown, all
unused £110. K. R. Joyce, 1 Mercury Place.
Crookhorn, Portsmouth, Hants PQ7 8BA. Tel:
Waterlooville 57826.

HI-FI AMP built from E.T.l. magazine. Power
amp 60W p/channel system A" pre-amp £50. R.
J. Carter, 74 Charnwood Road, South Norwood,
London SE2 6NU. Tel: 01-771 0928.
BURGLAR alarm. Box, buzzer included £19.
Sound light 'unit in plastic box 750W output
£14.50. S. Dolbear, 38 Avondale Crescent,
Grangetown, Cardiff.

INPUT/OUTPUT board for UK101. Built. Uses
6821 PIA. Can control relays, printers l.e.d.’s etc.
£12. N. Odell, 31 Humphrey Road, Greenhill,
Sheffield S8 7SE. Tel: Sheffield (0742) 745027.
DISCO, complete. Console with light show.
Extra lights, amplifier, speakers hundreds of
records. £720 or offer. T. A. Gaskell, 12 Abbots
Road, Haverhill; Suffolk. Tel: 0440 61768.

ZX81 £22. Micro transmitter 6 mile range
£6.50. Many finished projects cheap, please in-
clude s.a.e. No callers. D. Martin, 6 Downiand
Gardens, Tattenham Corner, Epsom, Surrey.
SWAP, seil, VIC-20 + deck. Sony TC377 stereo
recorder (reel). $.0.S. Echo! Want UK101 and/or
add ons. Mr. M, A. Saunders, 7 Drumciiff Road.,
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RULES Maximum of 16 words plus address and/or phone no.
Private advertisers only {trade or business ads. can be placed in our
classified columns). Items related to electronics only. No computer
software. PE cannot accept responsibility for the accuracy of ads. or
for any transaction arising between readers as a result of a free ad.
We reserve the right to refuse advertlsements. Each ad. must be
accompanied by a cut-out valid ""date corner”’. Ads. will not appear
{or be returned) if these rules are broken.

Thurnby Lodge, Leicester LES 2LH.

B & O 1700 matched pair. 20 watt stereo amp.
F.M. stereo Ambio tuner £66 pair. Mr. K.
Hughes, 4 Rokeby Road, Great Barr, Birmingham
B43 6EU.

WANTED — service manual for Telequipment
D53S Scope — sale — loan or copy at cost. Tel:
0787 74346.

DIGISOUND modular synth., cost over £400
must sell any offers. Very cheap. Ring evenings
only. M. Lloyd, 2 Park Crescent, Manchester. Tel:
061225 1177.

WANTED Truvox RS2 tape recorder. Capstan
motor type KLZ 14-560 — 4675D. B. T. Hughes,
25 The Drive, Arden Park, Bredbury, Cheshire.
Tel: 061 430 5068.

PRACTICAL Electronics magazines for sale.
From first issue (1964). Wili sell individually or as
one lot. T. C. Sheridan, 46 Seymour Court,
Whitehall Road, Chingford, London E4. Tel: O1-
6529 0612 (Eve).

WANTED service sheet manual or photostat
copy Harman Kardon HK 340 stereo receiver
cost to: G. H. Chamberiain, 49 Wormgate,
Boston, Lincs. ‘

CASI0 FX 602P Comp. Manual, prog. lib. Never
been used £42. N. Khan, 36 Kay Brow,
Ramsbottom, Lancs. 070 682 6224.

ACORN Atom 8K ROM 9K RAM p.s.u., leads,
manuals, 1 software Tape Acorn assembled ax-
cellent condition. As new £155. Mr. C. Dineen,
Grove House, Fermoy, Co. Cork, ireland.
TELEQUIPMENT solid state S5AA os-
cilloscope. Low emission C.R.T. otherwise ex-
cellent £65. Marconi TF996A v.h.f. generator
£250. Tel: Swindon 41110 or 34633.

SIX BIG capacitors point one four farad each 15
volt five pounds each inc. p & p. J. S. Hind, 7
Carlyle Road, West Bridgford, Nottingham.

ZX81 with 16K RAM, software. 5 months old
with p.s.u., leads etc. Only £75 o.n.o. Tel: Welton
60798.

WANTED complete tuning condenser for Grun-
dig radio RF431GB. Mr. Ellen, 72 Gloucester
Road, Littlehampton, Sussex.

FOR SALE Texas Instruments TI53 program-
mable calculator with instructions £20. John
Patterson, 39 Scotter Walk, Corby, Northants.
ELECTRONICS Ham, capability unlimited, with
little opportunity wants to establish contacts
worldwide. Samudra Ejazul Haque, 568/A, Road-
16(0ld}, Dhanmondi R.A., Dacca-5, Bangladesh.
SICK Telequipment D53A main frame and type
J D & B Y amps requires manuals, Purchase or
loan for copying. M. E. Jordan, ‘Edgefield’, Lyng
Easthaugh, Norfolk. Tet: Gt. Witchingham 853.
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MICRO-PROFESSOR

YOUR GUIDE TO THE WORLD

{oy phone or post)

Complete the coupon

today!

Please attow 28 days for delivery.

Please sendme:  Price Qty p&p

Micro-Professor  £79.95 £2.95

SSB-MPFboard  £69.95 £295

EPB-MPFboard  £84.95 £2.95

PRT-MPF board  £74.75 £295
Totat

I enclose cheque/P.O. for &.........occccuues

science courses.
Technlical specification

speech board and printer board.

>” Micro-Professor is alow-cost Z80 based microcomputer which provides you
with an interesting and inexpensive way to understand the world of

(" microprocessors and utilise their uniimited potential.

Micro-Professor is a complete hardware and software system whose extensive
manual gives you detailed schematics and examples of programme code. A superb
learning development toot for students, hobbyists and microprocessor engineers, as
well as an excellent teaching aid for instructors of electrical engineering and computer

Z80 CPU, 2K RAM, 2K monitor, 24 1/0 lines, LED dispiay, cassette interface, CTC/PIO
facility, 2.25" speaker, three manuals, 36 keyboard. Options include; EFROM board,

The Micro Professor Is not a correspondence Course on Microprocessors. If you
wish to study a fully structured self-teach course please contact the
British National Radio School, Reading, Berks.Tel (0734) 5151S.

Address

Please send or
telephone for full details.

£7995....

FLIGHT ELECTRONICS LTD. Flight House, Quays
Hants SO2 4AD. Tel: (0703) 34003/27721. Telex: 477793.

Mail order onty @ Trade enquinies welcome @ Bulk order discounts @ Prices include VAT

ide Rd, Southampton,

COMPUKIT UK101 8K cased, leads plus
software £135 o.n.0. Two 49 note keyboards,
contacts avaitable £50. Sittingbourne (0795)
22219. lan Gilbert, 26 Ruins Barn Road, Sit-
tingbourne, Kent ME10 4HS.

PE RANGER 6 chs £35. {(0526) 42869. B. J.
Duncan, Kirkby Lane, Tattershall, Lincoln LN4
4PD.

WANTED manual or circuit diagram for Tele-
quipment S32 oscilloscope and Decca Gypsy
1210 TV for spares. J. Glover, 1 Bryony Cotts,
Hambledon, Godalming, Surrey GU8 4HJ. Tel:
Wormley 4649.

5Hz FREQUENCY shifter £20-00 complete
circuit board assembled/tested not used, requires
+15V. D. W. Tripp, 3 Spurgeons Avenue, Water-
beach, Cambridge CB5 9NU. Teif: (0223)
861804.

ELECTRONIC electrolytic capacitor leakage
current tester/reformer, £10. Phone: {0743)
59492 after 6.30p.m. Mr. P. A. Hartwig, 3
Kingswood Road, Copthorne, Shrewsbury.

Please publish the foliowing small ad. FREE in the next available
issue. | am not a dealer in electronics or associated equipment. |
have read the rules. | enclose a cut-out valid date corner.

ST Le [ETUIE o ou op000000at, oo e o o0

DA 4000000035000 5 dBa0660TH66060- FBOBO000 - 1OCBITHIC
Please read the RULES then write your advertisement here—
one word to each box. Add your name, address and/or phone no.

COUPON VALID FOR POSTING BEFORE 12 NOV. 1982.

{One month later for overseas readers.}

SEND TO: PE BAZAAR, PRACTICAL ELECTRONICS, WESTOVER
HOUSE, WEST QUAY ROAD, POOLE, DORSET BH15 1JG.

COLLECTORS 1930-70 unboxed valves 1600.
Unboxed tubes 10. Mullard GM41 40/1 R/C
bridge. Leak Varislope amp. Offers. W. R. Mew,
11 Eversley Crescent, Ruislip, Middlesex HA4
6BD. Phone: 36619.

SUPERBOARD 11 cased, Cegmon, Wemon,
tool kit BASIC 5. New BASIC 1, 3, 4, RS 232
software £125, G. J. Mathews, 144 Honey Hill,
Harlow. Tel: Harlow 39406 or Ware 67101.
TEKTRONIX 545A and 585 scopes. Good
working order, buyer collects. M. Applebaum, 36
Houndsden Road, Winchmore Hill, London N21.
Tel: 01-360 4499.

WANTED, instruction book for AVO Calibration
Test Unit CT 155. Good price paid. F. E. Hoimes,
17 Rosemount, Oxton, Wirral, Merseyside. Tel:
051652 1162.

COLOUR TV paneis for spares Pye EMO
Hybrids Thorn 3500 Siemens FC 365. Cheap to
make space. Mr. A. Bouskilll, 129 Lyminster
Road, Birley Carr, Sheffield, S. Yorks S6 1HY.
Tel: 0742 311191, After 4p.m.

WANTED manual for XTAL BASIC V2.2 to suit
Nascom. To buy or loan, small fee? Tel: 0946
812523.

POWERTRAN Transendent DPX, strings,
brass, piano, honkytonk. Home use only £250
o.n.0o. N. Roe, 32 Park St., Tamworth, Staffs
B79 7QP. Tel: 0827 57333.

FOR SALE Yaesu YC-601 £40.00, radio teie-
vision servicing 1973/74 new, unused, £15-00.
Mr. C. R. Cooper. Tel: {0705) 386254.
REWARD £5 who tells me where to buy elec-
tronic silencer or circuit diagram. H. Ysebaert, J.
De Geyterstraat 25, B-2020 Antwerp, Belgium,
TELEQUIPMENT D43 Oscilloscope. Three
plugable amplifiers. Circuit diagram. Working but
needs attention. £20 buyer coflects. A. M. Alex-
ander, 105 Hollybush Lane, Hampton, Middx
TW12 2QY. Tel: 01-941 0005.

SEIKOSHA GP8O0 graphic printer excelient con-
dition with Centronics plug accept £150.00
carriage extra. Mr. P. Fischer, 18 Warwick Gar-
dens, Harringay, London N4 1JF.

BLOCK CAPITALS PLEASE

Name & Address:

[ For readers who don’t want to damage the issue send a photostat or a copy of the coupon (filled in of course) with a cut-out valid “date corner’ /

Practical Electronics November 1982




I-PAK BARGAINS

TRIACS — PLASTIC

4 AMP — 400y — 10202 — TAG 136G.
10FF 10 OFF 50 OFF 100 OFF Miniaturs cound mos side cutters
oy €173 1.5 £30.00 N nsulsted handles #jinch iength Order
8 AMP 400y — T0220 — TAG 425 No:Y043,

£5.7% £275% £50.00

ALL AT
POTENTIOMETERS 50
Fasic 40mm Travel Mong P PAK
SX63 § x 470 ohms Lin-  SX67 5 x 47k Lin
SX64 5 x 1k Lin $X68 § x 47k Log
$X65 5 x 22k Lin $X69 5 x 100 Lin
SX66 5 x 22k Log $X70 5 x 1 meg Lin

BA NUT DAIVER SET
Set of § BA spanner shafts plus universal
handle in roll-up wallet. Sizes 0BA 246-8BA
Order no: T192
£275 set

MEON SCREWORIVER

=
A ftenible shatt screwdriver far thase swkward to gel o1 screws Overall
Jongth BJinch Order No FS-1 Flut blade 4mm FS-2 Cross point na.| £1.76 sash.

FLEXEY ORIVER

Mimisture fong nose pliers = insylated
handies 5§inch length. Ordas No:YO44,

SLIDER

in blade order no NS1 £0.46p sesh

5§in biade order no:NS2 £0 50p sesh
Misature bend nose phers ~ insulated

handies 5}inch isngth Ordar No.YO45. -

- T
GRIP-ORIVER
Binch long screwdrives with spring losded grip on
nd 1o hold screws in pasition while reaching wnto
© those dffon laces Ortes No SO-1 P bace deem

ALL AT 50-2 Cross point no 0 95p sach
0 ang serraledPrws ~ insulsied
curta INEXPENSIVE TOOLS OF IMMENSE VALUE
handles Sinch langth Drder No Y02, 1 r 25

g Combined wire stripper, cutter. crimper indl. 25 ssat
All with insuiated handles sach terminais for crimping Order No:WS2 Our low prics £1.20 sash.

Mintature snd nippers — insuisied handiss
Ajinch lengih Order No Y048
Satistaction of your money back has

always been BI-PAK's GUARANTEE and it stell 15
All these Sale items are in stock, 1n quantity and
we will despatch the same day as your

order 1S recewved

Miniature snipe nose pliers with side
$X40 250 Sulicon Diodes— Switching like
IN&) 48 DO-35. All good—uncoded Worth
double out price 45+75mA [$ W3
SX41 250 Sincon Diodes—General Puipose. like
0A200/202 8Ax13/16 Uncoded

30-100y200mA 0O 7 0.2 IC SOCKETS

EXPERIMENTOR Plastic Boxes The lowest price ever.
BOXES - ALUMINIUM - Cooured Buack. Close fttng The more you buy the Cheaper they come!
Flanged Lid. huing screws info brass bushes. ore you buy the cheaper they come
PLASTIC SZE'L W H Ocerko.  prce [l P 100t SO0t 1000l
ALUMINIUM BOXES ¢« 2 1 141 c1.00 [l o= % ©350 gs00
Made with Brighl Aluminum folded % 2% 1% 3 ci.30 [ 4= ¥ 0 e
construclion with deep hd and screws 6 3% 2 144 £1.80 6 gin 95  f400 f£00
0 SIZE'L W H  OrderNo. Plastic as above but with alumimum top panel
5% 2% 1% 159 4 2% 1 146 £1.40
2% 1% 161 Piastic sioping front

7 - m e VOLTAGE REGULATORS
N\ - & e T0220 5%
67

$X44 105ASCR's 1064 3x 50v. 32 100v. 2
200v. 2 x 400+ Super value less than '

prce 3]
$X45 105A SCR'sTO66. 2x50v. 2 100v. 4 x
200v. 2 2 400v All coded Brand new. a
- BVEAWYY at

191255
1815-50p 7915~ 55p

All measurements for boxes are shown in inches. L = Length, W = Width, H = Height (828 -50p 1924 - 55p

BI-PAK'S OPTO 83 SPECIAL

A selection of Large & Small size LED's in Red
Green, Yellow and Clear. plus shaped devices
ol different types. 7 Segment displays, photo
transistors, emitters and detectors.

Types like MEL1Y, FPT100 erc. Plus Cadmium
Cell ORP12 and germ photo 1Iransisior

.
ocPn y 7§ '0""‘ 4 I Data etc. 1n
O/ND SX57A o £ oo every pah.
N e - Nooma Bt F1200 only Order No. SX56
9 iy By )

~ —n £560 ’%’;,.\‘ﬂ «——‘:ﬂ\,a

SEMICONDUCTORS FROM
AROUND THE WORLD

A Collection of Transistors. Diodes. Rectifiers, Bridges. SCR's |
Triacs. IC's both Logic and Linear plus Opto’s all of
which are current everyday usable devices.

Umversal Ni- Cad battery charger All plastic
case wilh bft up hd Charge/Test switch LED
inicators at each of the hve charging points
Charges Power
PP3 (3} 220-240V AC
U121 SV penite} Dims
A {15V C) 210 x 100 x 50mm
U2(15v-0) £6.95

POWER SUPPLY 0URPRICE £3.25
-Power supply his dsrectty inlo 13 amp socket
Fused tor safety Polanty reversing socket
Vottage swifch Lead with mull plug

thpul ~ 240V AC 50HZ Output -3 45 6
75.9812vDC Ratng ~300ma  Mwss

Guaranteed Yalue over £10 at Noymal Retail Price

oD
{

OIGITAL VDLT METER MODULE
3 x 7 segment displays Basic Cireuit
02V instructions provided to
extend voltage & current ranges.
perating voltage 9/12v.
Typ. Power Consumption S0mA
0/N0:SX99 Once only price
£9.95

Silicon NPN'L’ TypeTransitors
T0-92 Plaslic centre coliector @

8 Bit MICROPROCESSOR
Nalional INSB0B0AN 40 Pin DIL N Channel Sihicon
GATE MOS TECHNOLOGY As used in Nationals
NBO8O Micro Computer Family
Instruction Cycle Time 2 uS
Supplied with functional
Block Oiagram
BRAND NEW
NOT seconds or reciams
100% perfect OADER NO $X8080 Only

Normal Sell price £4 50 each

1 Amp SILICON RECTIFIERS
Glass Type similar IN4DOC SERIES IN4DD1-INAOO4
50 — S00v — unco0.d — you select for VLTS

ALL pertect devices — NO duds Min S0 VCBO 45 VCEO 30 1C200mA Hte 100-400

L ROEA ND  SX7H
oA oSl e DR OCHINURSXZE ALL perfect devices — uncoded ORDER AS SX183L
Silcon Genefal Pupose NPN Transiors T0-18 Cau§ S0of  100oM  5000M 1000 oft

Lock ht teads — coded CV7644 Similar 1o BC147 5 17.00
— BC107- ZT89 ALL NEW' VCE 70v IC500mA ‘; £1.50 £2.50 €10.00 £17

We 15250 0ot 1000f 500 0f 1000 of TRANSISTORS:
bact £2.00 £3.80 £17.50 £30.00 & :m:zﬁ'&eo,r,zzi E.Lfes

Like BC182L — 183L — 184L

ELECTRONIC SIREN 12v DC
Re¢ plashc case walh adusiable hang
bearket Emas high piched wailing nare of

Silicon General Purpose PNP Transistors T0-S Case
Lock ht leads cooed CVE507 simitar ZN2905A to

BFX30 VC 60 IC 600mA M Hie 50 ALL NEW!

S0of 1000 SO0 ot 1000 ot

PRICE £2.50 £4.00 [19 00 £35.00

VCEQD 40 VCBO 35 ic 300mA Hie 50-400
Brand New — Uncoded — Pefeci Devices
50 ot 100 off 500 o 1000 ot

varyng prich - 100 cycles per minute
Dums 90mm (dia |

60mm (depth

Power - 12 v OC

Our Bi-PAK Special Price £2.00

SO HURRY — LIMITED STOCKS

40 Pin IC Socket to il SXB0BO  Offer pice

£2. 00 €3. 50 £15.00 €£25.00 ORDER NO 1609 30p

oer as CVI507

MULTITESTERS

30.000 opv Including test leads and case

AC volis:+ 02.5-10-25-100- 250-500-1.000

DC volts - 0-0 25-1-25-10-25-100- 250-1,000.
1,000 opv Including test leads b Bavtery ®nc cymrent - 0-50ua 0-5ma-50ma 0-12amps

AC volrs:- 0-15-150-500-1.000 Resistance- 0-6K ohms-70K ohms-6meg ohms-
DC vohs:- 0-15-150-500-1,000 §0meq ohms

OC cumrents: 0-1ma-150ma Decibes:- -20db to plus 56db.

Resistance:- 0-25 K ohms 100 K ohms Benon jesi- Internal buzzer

Dims - 90 x 61 x 30mm Oims:- 160 x 110 x S0mm

0/No. 1315. OUR PRICE
ONLY £24.75

Dur Price:- £5.50

BI-PAK's COMPLETELY NEW CATALOGUE
Completely re-designed. Fullof Ihe type of components you require, plus some
very inferesting ones you will soon be using and of course. Ihe largest range of
semiconductors tos the Amateur and Professional you could hope to fing
There are no wasled pages of useless intormation so often inciuded n
Catalogues published nowadays Just sohd facts e price, description and
individual leatures of what we have avarlable. But remetmber. Bi-Pak’s pohicy
has always been 10 sell quality components at competitive prices and THAT
WE STILL DO.
BI-PAK’S COMPLETELY NEW CATALOGUE 15 now avarlable to you You will be
amazed how much you can save when you shop lor Electrome Components with
a Bi-Pak Catalogue Have one by you all the hime—+t pays lo buy BI-PAK

0/No.1322.0UR PRICE £6.50 ONLY

To recerve your copy send 7 S plus 250 p&p

Send your orders 10 Oept PEYt Bi-PAK r0 BOX 6 WARE HERTS
SHOP AT 3 BALDOCK ST. WARE HERTS,
TERMS. CASH WiTH DROER. SAME DAY DESPATCH, ACCESS.
BARCLAYCARD ALSD ACCEPTED. TEL. {0920) 3182 GIRO 388 7006
ADD 15% VAT AND 75p PER DRDER POSTAGE AND PACKING

Use your erednt card Ring us on Ware 3182 NOW and
get your order even faster Goods normally sent 2nd
Ctass Mail

Remember you must add VAT at 15 1o your order
Total Postage add 50p per Total order
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UK101 -
OHIO SUPPORT

Premier Publications provides a wide range of add-ons for UK101 and OHIO owners, from manuals to full disc
systems. Below is a small part of our range. A full catalogue is available on receipts of an A5 SAE.

Product Price inc VAT
SCREEN ENHANCEMENT KIT — 32 x 64, + 19 other screen sizes, all software selectable! .................... £55.95
BASIC 4 EPROM — cassette filenames, verify, crash recovery etc

BASIC 5 EPROM — 17 new BASIC words inc. PRINTUSING, PRINTAT, GETKEY, HLIN, VLIN !
BASIC X EPROM — tape data handling, sound, printer, IF. . THEN . .ELSE, REPEAT . .UNTIL. ................... £19.95
CODEKIT EPROM — Assembler/disassembler. Address transparent

TOOLKIT Il EPROM - renumber, find, delete, view, controlled list, replace, etc

WORD WIZARD EPROM, disc or tape — multi-featured Word Processor

CEGMON — our standard upgrade monitor :

MINI EPROM BOARD — used to fit any of our EPROMS (kit)

FLOPPY DISC CARD — takes up to four 5.25in drives, OSI compatible (kit)

JI Buffer Board — provides essential buffering for expansion (kit)

32K DYNAMIC RAM CARD — superb value (built only)

Motherboard — gives 8 slot expansion capablllty 5a PSU, (kit)

TEAC Disc Drive — cased with PSU

Dual TEAC Drives — enclosed in single case with PSU

ROM DOS — DOS using BASIC-IN-ROM for fast, economical results (2 disc set)

LINK 65 — vital routines for 65D users, DUMP, CREATE, etc .
SOUND/VIA Board — includes sound chip and 2 VIA chips! ......cccceemiieiinceeee s i £53.95
Daisywheel printers — RS232, superb print quality

SOFTWARE — many programs available

FORTH — disc an extremely versatile language

NEW ADDITIONS

High Resolution Graphics Board — 512 x 256 resolution, takes no USER RAM

Colour Board — 16 colours, stable display

Programmable Character Generator — 256 characters, 3 Software selectable EPROM slots
ENCODER EPROM — Advanced Assembler/Disassembler

DISKS — 10 tap quality diskettes in box

VORTEX — advanced full feature DOF

DRAGON 32

MAIN AGENT AND SERVICE AGENT

The superb new DRAGON 32 features
32K RAM, with 26K still available with HRG. Expandable to 64K.
256 x 192 High Resolution Graphics, three other graphlcs modes.
6809E — a thoroughly modern processor.
Nine colour display — monitor or T.V. output.
Advanced 16K Microsoft Colour BASIC. ' .

Games cartridge slot from £18.95.
Facilities for Joysticks.
Disks coming soon. y

POSTAGE & PACKING: e, ——
SOFTWARE 75p. EPROMS/DISCS 95p. -

HARDWARE £1.75 per item, max. £5.00. ; ) “
ALL PRICES |NCLUgE VAT ax £199.50 including free cassette lead.

Prepaid or credit card orders normally despatched by return.

_PREMIER PUBLICATIONS

208 CROYDON RD., ANERLEY, LONDON SE20 7YX..TEL 01-659 7131 [CED

Delivery is |mmed|ate on Access and Barclaycard orders — Cheques 7-14 days.
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RANSFORMERS ity 7 o
Delivery 7 days
30 V RANGE (2X 15V tapped UK Postages. Overseas extra.

e s T VoltTae P i e N,
30V or 12V-0-12V or (SV-0-15V. ggntinuous Rati:gsa

Amps
0V | ISV

0_5 60V RANGE (2x25V tapped secs)

Pri 120/240V. Voltages available 6, 8, 10, | 2.
16, 18. 20, 24, 30, 36, 40, 48, 60 or
24V-0-24V or 30V-0-30V.

SRR
petat.;
~No

BBsiizass

A
60V;"P;0V

[ e
OrRS®O AW —
1 (g ~$=foeimod i ]
283

40 X
VOLT RANGE (s;nn Sec) Pri
120/240V (2%25V tapped secs) Votages
available 5, 7,8, 0, 13, 15, 17, 20, 33, 40 or

0.
2
k]
4
S
6

8
10

~
th
<

.0

oopppEEre »
>>500eat

Pri 0-120; 0-100- 120V (120, 220, 240V) Sec
0-CT-120V twice,

Ref VA Price

*07
149

- ——
OUVODOEVIAWNMN=O

12v
|

2
4
5
6
8
MAINS ISOLATORS :g
16
20
30
60

— o>

SCREENED MINIATURES
mA Volts

200 303

1A, 1A 0-6, 0-6

100 9.0-9

330. 330 0.9, 0.9

500, 500 0-8-9, 0-8-9
IA. 1A 089, 0.8.9
200, 200 0-15. 0-1
300, 300 0-20, 0-20
700(DC) 20-120-12-20
1A, 1A 0-15.20 (x2)
500, 500 0-15-27 (X2)
1A 1A 0-15.27 (x2)
50 12.0-12

500 6-0-6

BEIFRLLLYE

6000
*Pri 0-240V Sec 115 or 24OV only.
State sec vots required,
CASED AUTO TRANSFORMERS
240V cable in 115V USA flat pin outiets
VA &P

EASY

Have fun, save
money, building
a Kef design
with a
Wilmslow Audio
CS Total kit.

No electronic or
woodworking
knowledge
necessary and
the end result is
aproven top-
quality design
that you'll be proud of.

terminals, nuts, bolts, etc.

self adhesive woodgrain vynil.
Easy foolproof assembly instructions
sent free on receipt of large S.AE.

Prices:CS1 (As 101)
CS3 (as103.2)

CS5 (as Carlton I}
CS7 (as Cantata)

L=

AUNID J

The firm for Speakers

EN

ConstructorSeries Speakers

Each kit contains all cabinet components, accurately machined for easy
assembly, speaker drive units, crossovers, wadding, grille fabric,

The cabinets can be painted or stained or finished with iron-on veneer or

£110 pr. inc. VAT, plus carr./ins. £ 5.50
CS1A(simplified LS3/5A) £103 pr. inc. VAT, plus carr./ins. £ 550 [
£129 pr. inc. VAT, plus carr./ins. £10.00
£192 pr. inc. VAT, plus carr./ins. £15.00
£250 pr. inc. VAT, plus carr./ins. £18.00

35/39 Church Street, Wilmslow, Cheshire SK9 1AS
1982 Catalogue — £1.50 post free

Lightning service on telephoned credit card orders!
Please allow 7 days for delivery.

supplied. Set of constructor leaflets

0625 529599

Constant Voltage Transformers
Clean mains to computers/peripherals

250 VA u:n 36 + £6.50 VAT; 500
AUTO TRANSFORMERS VA £159.43 + £8.50 VAT;
Vohs out: 105, 115, 190, 200, 210, 220, [IKVA... £213.12 £11.00
230, 240, for step up or step down. ZSOVA S0OVA  IkVA. Tap-changing,

VA types cased 400VA for mains fluctua~
P&P tions

INVERTERS
Send 100VA cased (1SOVA tool rating) 12V
20p DC to 240V A.C. outlet socket. For
for emergency lights, central heating boiler

catalogue.{ pumps etc. £45. P&P + VAT 15%.

Prices
15V CT Range (7.5V-0-7.5V)
21/4/82. | |7 S00mA  €2.53

4000 X
5000 172 1A £3.59
*0, 115, 220, 240. 173

2A
174 A
175 4A°

96/48/36V RANGE
Pri 0-120/240V
Sec 2 windings 0-J6-48Y o give

TOROIDAL'’S now
stocked 30 to 530VA

36-0-36V or 48-0-48Y or %V.

Amps -
72v/96v 35/48\« Ref. Price
2 (8.93
4 £14.69
6 £17.79

PANEL METER SECTION
43Imm X4Imm 82mm X 78mm
£6.70 0.50uA £7.37
£6.70 O.SgXAA €737
£6.70 0.1 £7.37

£6.70 030V £1.37.

0 el Educational Meters. 2 Amp. or 10 amp
12 y ‘A for 0-30V at.£4.50. P&P 66p + VAT. Suze
75%78mm Scaler. Finger screw terminals.

AVO METERS + VAT I15%
AVO 8 MKS. Latest Model ... £122.10
AVO 71 LCD ..... HAND ...... £49.30

4007440 to 140V
ISOLATORS BRIDGES
o P&P + VAT | joov 254 €180

Price
AVO 73 LCD ..PORTABLES . £68.90 60 £8.11 €2.00 |

AVO MMS Minor ................£43.60 £0.52
DAII7 Auto Range LCD..£i57.00 [ 230 £1607

AVO DAI 6 LCID. Digial. £131.50 2477
AVO DA2I1 LCD. Digital.... £58.50 £50.53
AVO DA2)2 LCD. Digial....£81.90 1479
Battery MEGGER BM7/500V..£71.60 £104.86 + P&P 20p
Wee MEGGER hand crank...£101.50 £207.92 + VAT 15%

METAL OXIDE RESISTORS £lper 100 (Electrosil) TR4 5% + VAT.
47U/75CV 180013601/ 3901/ 430024701/ S10()/ 560(1/820€V K/
IK1/1K2/1K3/1K6/1K8/2K/2K4/3K/ 16K/ 20K/ 22K/ 24K /4TK/ 82K/

100K/ | 10K/ 120K/ 130K/ 180K/ 220K/270K/300K. P&P 50p+VAT.

Telephones: Desk Type. Model 746 £11.50 + £1.20 P&P Wzll phones(l! 20 +
P&P. + VAT. Push button Trim phone £28.00 + P&P. +

Barrie Electronics Ltd.
3, THE MINORIES, LONDON EC3N 1B}
TELEPHONE: 01-488 3316/7/8
NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST.

TERRIFIC VALUE!!!

We have a big store to clear, 100 tons of

stock must go. 10 kilo parcel of unused parts.
Minimum 1,000 items includes panel meters,
timers, thermal trips, relays, switches, motors,
drills, taps and dies, tools, thermostats, coils,
variable condensers, variable resistors, etc. etc.
Individually would cost you a fortune!
YOURS FOR ONLY £11.50 plus £3.00 post.

IONISER KIT

Refresh your home, office, shop, work room,
etc, with a negative ION generator. Makes you
feel better and work harder — complete mains
operated kit, case included £11.95 plus £2.00
postage.

CAR STARTER/CHARGER KIT
This kit has no doubt saved many motorists
from embarrasment in an emergency you can
start car off mains or bring your battery up to
full charge in a couple of hours. The kit com-
prises: 250w mains transformer, two 10 amp
bridge rectifiers, start/charge switch and full
instructions. You can assemble this in an
evening, box it up or leave it on a shelf in the
garage, whichever suits you best.

Price: ONLY £12.50 + £3.00 post.

3 — 30V VARIABLE VOLTAGE
POWER SUPPLY UNIT

With 1 amp DC cutput, for use on the bench,
students, inventors, service engineers, etc.
Automatic short circuit and overload protect-
ion. In case with a volt meter on the front
panel. Complete kit £13.80.

ZX81 OWNERS
Make yourself a full

size keyboard! Key

switches complete

with plain caps. 6 for

£1.15.

COMPUTER PRINTER FOR
ONLY £4.95

Japanese made Epson 310 — has a self starting,
brishless drive motor. Complete with electron-
ics — uses plain paper, Brand new with full
data. ONLY £4.95 pius £1.25 Post.

Cash, P,O. or cheque with order. Orders
under £10.00, add 60p. Access & B/card
orders by phone to Haywards Heath {0444)
454563, Delivery by return.

J.BULL(Electrical)Ltd.c:

REVERSIBLE MOTOR WITH
CONTROL GEAR

Made by the famous Framco Company this
is @ very robust motor, size approximately
7% long, 3% dia. 3/8" shaft. Tremendously
powerful motor, almost Impossible to stop,
ideal for operating stage curtains, sliding
doors, ventilators, etc., even garage doors if
adequately counter-balanced. We offer the
motor complete with control gear as

follows:

» 1 Framco motor with gear box. » 1 manual
reversing and on/off switch. » 1 push to start
switch. « 1 x 100w auto transformer, = 2
lImit stop switches. « 1 circuit diagram of
connectlons. £18.50 plus postage £2.50.

SPIT MOTORS

Powertul mains operated induction motors
with gear box attached. The final shaftisa
%" rod with square hole, so you have
alternative coupling methods — final speed
is approx, 5 revs/min. PRICE £5.50. Similar
motors with final speeds of 80, 100, 160

& 200 r.p.m, same price,

8 POWERFUL BATTERY
MOTORS

for modets, os, drills,
remote control planes, boats, etc. £2,95.

12 VOLT MOTOR BY SMITHS
Made for use in cars, these are series wound
and they become more powerful as load
Increases. Size 3% long by 3" dia. These
have a good length of %" spindle — price
£3.45. Ditto, but double ended £4.25.

EXTRA POWERFUL 12 VOLT
MOTOR

Made to work battery lawnmower, this
probably develops up to % h.p., so it could
be used to power a go-kart or to drive a
compressor, atc, etc. £6.90 + £1.50 post.
{This is easily reversible with our reversible
switch — Price £1.15).

Establil hed

(Dept PE). 34 - 36 AMERICA LANE, HAYWARDS HEATH, SUSSEX RH16 3¢ U.
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You should see Ambit's new Autumn Catalogue...

I SIPIEAIRS [FOIR
ITTSIEILIF

Another milestone in
component supply...
If you’ve been wondering
Just what’s been going on
at Ambit lately, we are
now taking the wraps off
the most advanced and
tmaginative concept in
component, tool, and
information distribution
stnce we launched
WREE last year.

We have included new
ttems and information to
plug a few gaps, and we
are just starting to
tmplement a new
interactive computerised
system of service and
information that
stmply cannot be
overlooked by anyone
thterested in the
communications,
electronics, video and
computing business.

* Price on the page

24 Hour response
-Guaranteed

*Low prices

 High quality

* EXport a speciality

No. 4. Autumn 1982

AMBIT { 70 p

INTERNATIONAL’S
N Some of the new

ORI items from this
1ssue..

Of Weller/Cooper:

AD Soldering Irons

& Tools

LECTRONICS ggtrs

* Tips & spares
CONCISE PARTS CATALOGUE

* Cutters/plicrs
* Toolkits

Motorola
RF Power:
Franszsiors it tranasetbng
* 1W/30MHzto
* S8OW/150MHz
* ..& beyond

Test equipment
A camaly oxmadng range
* Auto DMMs

* ‘Scopes
# Bananas (?)
* Sig gens

TOKO inductors
RM assemblies
Intelligent LCDs
Uni Crystal Filters
Coaxial relays
Micros &
memories
Linears
Keyswitches
Panelware
Hardware

128 Pages of the broadest component range in the business

24 HOURS A DAY, 7 DAYS A WEEK
AUTUMN ’82 WIREIE 70p

AT YOUR NEWSAGENT - OR DIRECT FROM
AMBIT INTERNATIONAL BRENTWOOD ESSEX CM14 4SG

Telephone (0277)230908, telex 995194 AMBITG, data RS232/300 baud (0277)230959*

* Dial (0277)230959, hook in your low cost modem and terminal (most personal computers
can be configured to access REWTEL, details are being published in R&EW over the next
few months) and REWTEL will give you access to up to 5000 pages of background to the
WR&E catalogue, equivalents, news, updates, hot off-the-press product news, information,
jobs being aduvertised in the industry. It’'s computing at its most versatile and worthwhile:
why be satisfied with a 64K MCU, when you can gain free access to the 70MByte + of the

REWTEL computer ??
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SERVICE TRADING CO

WHY PAY MORE? \*-

MULTI RANGE METER. T MF15A a.c. dc.
volts 10 — 650, 2560, 500, . Ma 0-5, 0-10,
0-100. Ssnsmvity 2000V. 24 range, diameter
133 by 93 by 46mm including test ieads. Price
£7.00 plus 75p P. & P. (€£8.9% inc. VAT & P}.

METERS (New) 90 mm DIAMETER
A.C. Amp 6_03-33\/0—5;«

A C.V
D.C. Amp Type 65C5. 5A. 0-10A,

0-50A, O-‘OOA

D.C. Voit. 15V, 30V,

All types £3.80 ea. + P, & P. 75p (£5.00 inc. VAT), except O-

50A. 0-100A. D.C. price £6.00 + 75p. P. & P, (£7.76 incl. VAT).

HEAVY DUTY SOLENOID, mf. by
Magnetic Devices. 240V. A.C
Intermittent operation. Approx. 20 b,
pull at 1.25 in. Ex- equtp Tested. Price:
£5.95 P. & P. £1.50. (£8.57 incl. VAT).
R.&T.

=== -
240V AC SOLENOID. gpvox 10Ib pull. 10% rafi
8())):33!26mm Price £1.75 + P. & P. 54p (£2.83 incl.

Size
IAT &

12V D.C. SOLENOID. Price: £1.50 + P. & P. 40p. (£2.18incl.
VAT). N.M.S.

WESTOOL SERIES D6 Model A3 24V. D.C. Price £1.50 +
50p p. & p {Total inci. VAT £2.30).

WESTOOL SERIES D4 Model A. 24V, D.C. Price £1.00 # 304
p- & p. (Total incl. VAT £1.50). §’
AG/GT 24Vv. D.C. 70 ohm Coil Solenoid. Push or “Pull,
Adjustable travel to 3/16 in. Fitted with mounting brackets and
spark suppressor. Size: 100 x 65 x 26 mm. Price: 3 for £2.88 P.
& P. 50p. {min 3 off.) (£3.85 incl. VAT). N.M.S.

MINIATURE SOLENOID FLUID VALVE
12V D.C. 15 ohm coil normally closed, Stainless

steel body with variable flow adjuster ” B.S.T.

inlet and outlet.

Size: 58x27 x25mm. Weight: 130 gr.

Price: £2.60 + 35p. P. & P. (Total incl. VAT £3.39}.

230V A.C. SOLENOID OPERATED FLUID
VALVE. Mmedia: Air. Gas, 7 psi. Water § psi. 3/8” inlet/outlet.
Forged brass body. Normally closed. Manuf by Durance Asco.
Price: £5.50 + £1.00 p. & p. {Total incl. VAT - £7.48).

SOLID STATE EHT UNIT
Input 230V ac. Fully isolated output 10mm spork. Approx.
15Kv. Built in 10 sec. Timer. Easily modified for 20 sec, 30
sec. 1o a continuous operation.
Deslgned for boiler ignition. Dozens of uses in the field of
physics and electronics, eg. supplying neon or argon tubes
etc.
Size: Length 155mm, width 85mm, height 50mm. Weight
530 grammes, Price £6.00 + 75 pence post & paclun
Totalinc. VAT £6.61 N.M. g

VARIABLE VOLTAGE TRA

INPUT 230/240V a.c. 50/60 OUTPUT 0-260V
200 watt {1 amp in¢. a.c. voltmenter £15.00
0.5 KVA (2§ amp MAX) £19.00

.1 KVA {5 amp MAX) £25.00
2 KVA {10 amp MAX) £41.00
3 KVA (16 amp MAX) £49.00
.5 KVA (26 amp MAX) £79.00

10 KVA (50 amp MAX} £174.00
15 KVA {75 amp MAX} £270.00

3-PHASE VARIABLE VOLTAGE

TRANSFORMERS
D:t;al prué 200-240V'.‘ or 380-41 5V£§:)ar c%rmecmd
KV, amp per phase max. .0
6KVA 10 amp per phase max.  £162.00 C"g's "T palclung
10KVA 16 amp per phase max. £329.00 extig

LT TRANSFORMERS

Phone for enquiries or send sae for leaflet.

SNIPS OF THE MONTH

National R. Relar 12V. D.C. high speed t ¢/o. 1 amp contacts.
Magnetically shielded. t pitch. Price: £3.25 post paid (£1.44
incl. VAT)

Omron Tyéu M. 24V. A.C. 4 ¢/o. h.d. Price: BOp post paid (92p
incl. VAT). Base 20p post paid {23p Incl. VAT).

220/240V. Primary: secondary 24V e 4A. L.T. Transformer, fully
shrouded. Price: £4.50 + £1 p. & p. (£6.38 incl. VAT).

INDUSTRIAL STROBE KIT
Suitable for both Industrial and Educational purposes. Kit
when assembled produces a variable speed 1 to approx.
70 fiash per second. Light output a;;)rox. 0.5 joules.
Pnce, less cae, £27.00 + £2,00 P. & P. {total Incl. VAT
g £33.38). Super Hy-Light Strobe {approx. 16 joules).

rice £:
P. & P. £2.00 {£48.31 incl. VAT).
Suitable casas for either type £11.00 P. & P. £2.00
{£14.95 incl. VAT). Super Hy Light Strobe Kit, details on
receipt of foolscap sae.

XENON FLASHGUN TUBES
Range available from stock. S.A.E. for details.

ULTRA VIOLET BLACK LIGHT

FLUORESCENT TUBES
4ft. 40 Watt £8.70 incl. VAT £10.00 (callers only).
2ft. 20 Watt £6.20P & P f‘l 25 (€£8.57 incl. VA¥)
(For use in stan bi -pin f'mng
12in. 8 Watt 45 (£3.97 incl. VAT).
9in. 8 Watt £2 SOP & P.45p (23 39 incl. VAT).
6Gin. 4 Watt £2.50 P. & P. 45p (£3.39 incl. VAT).
Complefe batlast unit for either 6", 9* or 12 tube 230V AC op
£5.50 P. & P. 55p (£8.96 incl. VAT). Also avallable for 12V DC
op £5.50 P. & P. 55p (£6.98 incl. VAT).

BLACK LIGHT BULBS Py

Self Mercury U.V. 175W Bulbs,

A.E.G. CONTACTOR

Type LS6/L11. Coil 240V 50 Rs. Contacts — 3 make: 600V:
20amp. 1 break: 600V: 20amp. Price; £5.75 P. & P. 759.([7 47
incl. VAT). M.S.

AMF CONTACTOR
%;QIVB AC coil 2 ¢/o 25amp contacts £5.50 P. & P. 75p total

ARROW-HART MAINS CONTACTOR
Cat. No. 130A30. Coil 250V or 500V. AC Contacts 3 make 50
amp up to 600V. AC 20 hp at 440V. 3 phase. 50 Hz Price:
€7.75 + p&p £1.00 (total lncl VAT £10.08|

SMITH BLOWER
Type FFB. 1706. Small, quiet, smooth running. 240V, AC.
o eration. Output aperture 45x40mm. Overall Si&;

5x165mm. Flangh mounting. Price: £4.75. P. & P. £1
er types available. S.A E. for details. N.M.S.

(56.61 incl. VAT). O

MICRO SWITCHES

Sub. Min. Honeywell Lever m/s type 3115m 906ft.
10 for £3.50 post paid {£4.03 incl. VAT). These V3
types.

Button type 10 for £3.00 (£3.45 incl. VAT).

Short Lever type 16amp. rating {Crouzet) 10 for
£4.00 (£4.80 inct VAT).

Long Laver 10 amp €.0. 10 for £4.50 {£5.18 Incl. VAT).

Cherry E51 Rotary action low torque microswitch 5 amp contact
£3.50. (£4.03 incl. VAT). N.M.S.

D.P. C/O lever rn/swn(ch Og by Cherry Co. USA. Precious metal
low resistance contacts. 10 for £3.00 P. & P. 50p. (£4. 02 mcl

VAT). (min. order 10}. M.S.

A.C. Wkg. TUBULAR CAPACITORS.

Fraction of makers price. Motor start etc.
mfd. 80p fd.

k V.
250V.AC.

5 60p 5.3 mfd. 160V.AC 80p
2mfd. 450V.A.C. 75p 5.4 mfd. 280V.A.C. 75
2.2 mfd. 440VA.C. 75p 7.5 mfd. 200V.AC. £1.
3mfd. 440VAC £1.00 15 mfd. 440VA.C. £2.50
4.1 mfd. 440V.AC. £1.00

& P, up to 2.5 mid. 25g. 3 mfd. to 20 mfd. 50p. All pfus VAT
SPECIAL DISCOUNT FOR BULK ORDERS M.S.

24 volt. D.C. BLOWER UNIT

Precision 24 volt. D.C. 0-8 amp Blower that works well on 12V
0.4 amg D.C. Produclnq 30 cu. ft. min at normal air pressure
£4.50 P. & P. 75p. (Incl. VAT £6.04). N.M

INSULATION TESTERS NEW/

Test to LE.E. Spec. Rugged metal construction
suitable for bench or fisld work constant speed
clutch Size L Bin W 4in H 6in waight 6lb. 500V,
500mohm, £49.00 + £2.00 p (total incl.
VAT £68.65). 1000V 1000MQ, £55 P. & P,
£2.00. (£65.55 incl. VAT). S.A.E. for leaflet. ‘.

Yet another outstanding offer.

IMFD 600V Dubilier wie ended capacitors, 10 for
£1. 5(s)P & P. 50p. (£2.30 incl. VAT). (Min. 10)
N.M.S.

All Mail Orders Callers
Ample Parking Space
Showroom open Mon-Fri.

Saaciavans.
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avallable for either B.C. or E.S. fitting. Price

incl. p&p & VAT £11,50.

400W U.V. Iamp and bal|asl complete. Price
£38.00 + £3.5 e (total incl. VAT

£47.73). 400 Wan U lamp only, price

£14.00 + £2.00 p&p (total incl. VAT

£18.40).

Black Light U.V. Tubes from 6in to 4ft from

stock. Foolscap s.a.e. for details.

LB B E R R EEEEREEEREE R X

* EPROM ERASURE!

] Why waste money? Build your own EPROM ERASURE
for the fraction of the price of a made-up Unit.
&« Co ?Ie!e Kit of parts less casa to include 12" 8 watt
2537 Angst Tube, Ballast Unit, an of bi-pin leads,
4 Neon Indicator, Salew Microswitc

Circuit. LESS CASE.
& uc VAT £16.50).

NG: Tube used In this circult is highly
« dangetous to the eyes. Unit MUST be fitted In suitable

******i*****ii*i

Superior Quality Precision Made
NEWPOWER RHEOSTATS

Price: £13.60 + 75p P&P (Tmal

New ceramic construction, embedded
winding hoavv duty brush assembly.
continuously rated.

10/26/50/1 00/250/500/1k

.50 P. P. 50p (£6 AT).
100 1/5/10/25/50/100/250/500/1m/1 5k0)/2.5k0/
+3.5k0)/£7.20 P. & P. 75p (£9.20 inc!. VAT)
Black, Silver, Skirted knob calibrated in Nos_ 1-9 14}in. dia.
brass bush. Ideal for above Rheostats 24p each + VAT,

Wide range of AC and DC relays
available from stock. Phone or

R E LA I s write in your enquiries.

230/240V A.C. 3 c/o. pin base. Sealed 5 amp contacts
£1.35 plus P. & P. 30p (C‘l 901nc| VA ).
KMKI Relay. 230V. AC. 1 ¢/o open type 10 amp contact, mf.
by “Keyswitch™ P. & P. 25p t‘l 21 incl. VAT). 5 for £3.75

Lpaid {£4.32 incl. VAT).

¥ A.C. Sealed 3 c/0. 108. 11-pin. £1.50 + 25p P. & P.

(Iz 0% incl. VAT).

4V D.C. Sesled 3 ¢/o. 7a. 11-pin. £1.35 + 30p P. & P. (£1.90
mcl AT).
24V D.C. 2 ¢/o. 7 amy
P.30p (£1.84 incl. VA

contacts. Sealed, octal base. £1.30 P. &

»
2
* |
on/off Switch, and *
»
»
*

GEARED MOTORS

Spm 240V AC. Mf. by Carter. £56.50 +
£1.00 P. & P. (£7.48 incl. VAT).

74rpm Motor approx. 30 Ib. in. 110V A.C.
complete with Transformer for 240v A.C.
£9.25 + £1.50 P. & P. (total incl. VAT
£12.94).

¢

71mpm WYNSCALE motor approx. 10Ib inch.
A.C. supplied with auto transformer 240V.
A.C. operation, £9.75 P. & P. £1.50 (£12.94 incl. VAT). N.M.S.

30 rpm. 230/240V. a.c. 50Ib in. mf. PARVALUX.
Price £15.50 P. & P. £2.00 (£20.13 incl. VAT). N.M.S.

42 R.P.M. 110 A.C. 50h2. 100ib incl. reversibie wilt operata on
230 Speed remains at 42 R.P.M. but torque reduces ;y
§0%. Prico £16.50 P. & P. £2.50 (£21.28 incl. VAT). N.M.S.

38.3 rpm GEARED MOTOR, torque
35 Ib. in reversible. 115V A.C.. inc. stan
capacitor. Price: £10.50 + £2.00 p&p
(total inci. VAT £14.38).

Suitable Transformer 230V A.C. operation,

Price: £6.50 + 50p p&p (rotal incl. VAT £8.05). N.M.S.

N.E.C. GEARED MOTOR. 152 rpm 200 Ib. in. 230V A.C.
50 Hz. Ratio 9.2 to 1. Non reversa. Incl. capacitors. Fracuon
of maker’s price: £37.50 + Carr. & VAT. N.M.

200 rpm. 35ibs. m 115V. &

Price: £16.50 P. & P. €200(£21 .28 incl. VAT). N.M.S.
Sultable Transformer for 230/240V. a.c.

Price: £6.00 P. & P. £1.50 (£8.62 incl. VAT). N.M.S.

230/240V A.C. SYNCHRONOUS GEARED
MOTORS

trpm, 2rpm, 6rpm, ‘lZTm. 6 revs. per day. 12 revs. per day.
Any type. Price: £3.90 + 40p p. & p. (£4.94 incl. VAT),

GEARED MOTOR. 120 rpm 1/10 hp ahp rox. 15 Ib.in. 230V.
A.C. Cont. Rating. Non-reversible. Size 1 (? m+90mm+85mm
spindle 8Bmm dia + 30mm long. Complete with capacitor and
relay for max. ioad starting. Offeved at mere fraction of mfrs. prica
—£11.50 incl. of p. & p. & Vi

Brand new CASSETTE TYPE MOTORS
;'"é pvezT—_G'\:/z. 74V, 12V. Price: 3 for £2.00 + 50p p. & p. {Total

230V a.c. FAN ASSEMBLY ]
Powerful continuously rated a.c. motor complete with 5
blade 6in. Price £4.50 P. & P. 75p (£6.04 incl. VAT).

24V. D.C. GEARED MOTOR

24V. D.C. 200 rpm 10Ibs/ins. continuously rated geared Motor
mfg. by either Parvalux or Carter. Easily removed from chassis.
containing 9x24V. D.C. Solenoids, microswitches, friction
clutch, precision. gearing etc. etc. Ex-equipment London
Tr:?)spon Ticket Printer. Price: £8.00 P. & P. £2.00 {£11.50 incl.
VAT).

SUB-MINIATURE PRECISION BUILT

GEARED MOTOR
3-9v. D.C. operation, speed 2-8 R.P.M.
Current  consumption _incredibly onty
2-5 M.A. Ratio 1670-1. Torque approx 2Ibs
inch plus. Motor — German, Gearbox
Swiss.

Size: L. 48 mm. Dia, 16 mm.
Shaft L 5§ mm. Shaft Dia 2mm.
Price £8.50 inc. P.

{Total inc VAT £9 78).

THOMAS SINGLE DIAPHRAGM
COMPRESSOR
Max. 20 psi 1} C.F.M. approx. 100 volts A.C. Price £16 + £2

p&p. Total £20.70 inc. VAT or Total £28.45 to inciuds
transformer for 230/240 volt AC. operation. £20.00 + £2.50
p&p (total inck VAT £25.88).

BLOWER/VACUUM PUMP. 3 phase AcC.
Motor. 220/250V or 380/440V. 1,425rpm. } h.p. cont. Direct
coupled to William Allday Aicosa carbon vane blower/vacuum
g;rg%‘gﬁ cfm 8 hg. Price: £22.00 + £4.00 p&p itotal incl. VAT

VEEDER-ROOT PRE-SET COUNTER

T MG1636. 3 fiF countdown any number from 399 to 001.
230V A.C.-2 Wheel setting. Changeover Microswitch to inform
external circuitry on comgleuon of countdown. Size: Width
85mm. Hi. 65mm. Dpth. 70mm. Price £4.00 + 75p P. & P.
{Total incl. VAT £5.486).

SANGAMO WESTON TIME SWITCH
Type S251 200/250V. a.c. 2 on/2 off every 24 hours. 20 amps
contacts with override swlitch dia. 4 x 3 price £9.50 P. & P
£1.50 (£12.08 incl. VAT). Also available with Solar dial. R. & T.
Type 5288 1 on, or 1 timed c/0 every 24 hours, day omitting
device. Price: £31.00 + £1.00 p. & p. (£13.80 incl. VAT).
Type S3BB. As above, plus 36-hours spm? reserve. Less perspex
cover, Price: £13.00 + £1.00 p. & 186.10 incl. VAT).

VENNER TIME SWITCH
ERD Time switch 200/250V a.c. 30 amr contact
Y

2 on/2 off every 24 hrs. at any manually pre-set
time. 36 hour pring Reserve and day omittin
devlco Buift to hlghest Electrictiy Boars

VERY SPECIAL OFFER 0-12V DC. 2 make contacts. NEW. 3
for £1.75 + 25p P. & P. {£2.30 inc. VAT).

D.C. Relays: Sealed 12V 1 ¢/o 7 amp octal base £1.00 P, & P.
30p (t‘l incl. VAT). Sealed 12V 3 ¢/o 7 amp 1 1-pin £1.36 P.
& P. 30p (£1.90 incl. VAT). 24V. Sealed 3 ¢/o 7 amp 11-pin

£1 35P & P. 30p (£1.90 incl. VAT).

. Price £11.50 P. & P. £1.50
(£14.95 incl. VAT). R&T.

A_E.G. TIME SWITCH
80amp. 2-on/off Spring Reserve Timeswitch,
Price £15.50 P. & P. £1.50 (£19.55 inc. VAT)

Please allow 28 days for delivery

N.M.S. New Manutfacturers Surplus
R. & T. Reconditioned and Tested

SERVICE I R ADI NG CO—-P;r's:'.m:a/caI/ers' ;rnly——Open Se}urdsys
9 Little Newport Street,

57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB 01-95 1560 o om wear 740

N A\CCOUNT CUSTOMERS MIN. ORDER £10.00

Phone 01-437 0576
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THE CASE
FOR

It's the chance

every constructor wants

POWER AMPS

P.S.U's

PRE-AMP
MODULES

SEND COUPON

{NO STAMP NECESSARY)

AND OPEN UP
TOA

it's'something you have always wanted....something to build
your equipment into that’s smart, modern, strong, adaptable
to requirement and not expensive. The ‘UniCase’ is yet another
triumph of 1.L.P. design policy. It presents totally professional
appearance and finish, ensuring easier and better assembly to
make it equal to the most expensive cased equipment.

The all-metal ‘UniCase’ is enhanced by precision aluminium
extruded panels engineered for speedy and perfect aligned
assembly within @ mere five minutes. Designed in the first case
to accommodate I .L.P. power amps with P.S.U’s, the range
will shortly be extended to house any other modular projects.

WHAT WE DO FOR CONSTRUCTORS

Our product range is now so vast we cannot possibly hope to show it
all in our advertisments without overcrowding or abridging
information to the point of uselessness. So we have devised a solution
which we invite you to take advantage of without delay. ALL YOU NEED
DO IS FILL IN AND FORWARD THE COUPON BELOW TO RECEIVE
OUR NEWEST COMPREHENSIVE I.L.P. CATALOGUE POST FREE BY
RETURN. It gives full details of ali current I.L.P. products for the
constructor together with prices, full technical and assembly details,
wiring and circuit diagrams etc. and it's yours, FREE. You don't even
have to stamp the envelope if you address it the way we tell you.

ELECTRONICS LTD.

FREEPOST 2
GRAHAM BELL HOUSE, ROPER CLOSE, CANTERBURY CT2 7£P
Telephone Sales (0227) 54778 Technical Only {0227) 64723 Telex 965780

FREEPOST
Mark your envelope clearly FREEPOST 2 and post it WITHOUT a stamp to
LLP. at address above. We pay postage when your letter reaches us.

To: LL.P. ELECTRONICS LTD.

Did
you
know

I.L.P. are the worid’s
largest designers and
manufacturers of hi-fi audio
modules?

I.L.P. pioneered encapsulated
power amps and pre-amps for
enhanced thermal stability,
mechanical protection and
durability?

There are TWENTY power
amplifiers from 15 to 240 watts
RMS including the very

latest super-quality Mosfets to
choose from?

TWENTY pre-amp modules
allow you to incorparate
exciting professional

" applications to your equipment

never before available to
constructors and
experimenters?

L.L.P. are suppliers to

the B.B.C.,1.B.A, NASA.,
British Aerospace, Marconi,
Racal, Ferranti, G.E.C., Rolis
Royce etc?

Goods are despatched within 7
days of your order reaching us and
covered by our 5 year no-quibble
guarantee?

PLEASE SEND ME I.L.P. CATALOGUE.

POST PAID BY RETURN
Address: .

FOR YOUR FREE [Hyiapiiytpbitidyisheoihg SN 0 S
LL.P CATALOGUE

NEW WORLD OF
QUALITY&VALUE

I HAVE/HAVE NOT PREVIOUSLY
BUILT WITH I.L.P. MODULES

1.L.P. products are available also from Henry's, Marshalf's, Technomatic & Watford.




PHONOSONICS
SUPER SONIC DIY KITS

NEW MUSIC SUPER-KIT SERIES!

Basic functions plus a bit more! Selfcontained but may be intercoupled. More are coming to ultimately
achieve a modugr sound synthesis & modification systems. All are mono, for stereo use 2. Will run from
9V to 15V DC supplies. Batteries not incl. Prices incl. UK P&P & 15% VAT. Sets incl. PCBs electronic
Rins, instructions. Most also incl. knobs, skts, sw's, wire, solder, box. For more info send S.AE. g}x 4or

r) for catalogue. Prices correct at press. E. & O.E. Despatch usually 7 days on most items. Payment:
C&QO mail order or collection by appointment. TEL 01-302 6184 Mon-Fri. Access, Barclay, Am Express
accepted. Exports Sterling payment please. Export catalogue £1.

SUPER-BOOST SUPER-MIX
Boost those outside octaves! €ach unit has 2<chan mixer with variable In¢n level & gain.
depth & range controls. No tone controls. Use Super-Tone if rqd. For
Super-Boost Bass SET-138-B €8.87 more chans add several units.
Super-Boost Treble SET-138-T £8.46 SET-149 P.O.A.
SUPER-CLEAN SUPER-NOME
Is hiss a problem? This could clean it up nicely Variable metronome  with  audio-visual
SET-145 P.O.A. accented beat marker, SET-143 £13.52
éleJPER-FRE'EKl d SUPER-PASS
n-purpose freq-generator with Sine, Sq. Tri, Variable band-| firer with gain & centre
Rar;\r, Pulse &F variations.  Switchable freq control. = -142 £9.69
0.4Hz-470KHz plus fine tune. SUPER-TONE
SET-128 £18.44 Tone controt for Bass & Treb cut, gan, &
SUPER FUZZ range. SET-139 £13.62
Spiky fuzz with fringing effect. 3 controls, Fring- SUPER-TREM
ing Balance. Output. SET-135 £12.99 A powerful tremolo with depth and rate
Also, auto-gontrol for deeper fringing from controls. SET-136 £10.71
above SET-H% }.O.A.
SUPER-VIBE
SUPER—HUM-CUT Vibrato with extra Phasing & Reverb controls,
Humming badly? This steep notch filter really plus rate & depth. An amazing unit!
cuts live or recorded hum. Tunable for %ET.|37 £13.99
25-100Hz. SET-14) £11.43 SUPER-WAH
SUPER-MICUP Wah-wah with auto & manual controls.
Mic or guitar pre-amp with gan control & Bass SET-140 £17.31
& Treb cut sw's. SET-144 £8.92
Ditto less tone sw's SET-147 £6.13 P.O.A: Price on Application — details in list.

VERY POPULAR - STILL AVAILABLE

GUITAR EFFECTS: 8 mode fiter & envelope shaper for most instruments SET-42 £15.92
GUITAR FREQUENCY DOUBLER: Orig & doubled signals can be mixed SET-98 £1).75
GUITAR OVERDRIVE: Sophisticated Fuzz with fiiter & shape controts SET-56 £21.17
GUITAR SUSTAIN: Retalns natural attack whilst extending note duration SET-75 £11.77
PHASER: 6-stage automatic unit with variable speed control SET-88 £21.08

LOTS OF OTHER STILL POPULAR KITS OF YARIOUS TYPES BIG & SMALL ARE IN
OUR CATALOGUE.

These are surtable for CB or standard audio use
depending on socket type chosen (2 reqd for
most — see below). For kit contents & order
details see top left cols.

SIMPLE REVERB
Enhances the spacious quality of your transmis-
sion, and at full control can produce that
‘Monster-from-the-Deep’ effect. With contro!
over balance, echo and duration. The response

C.B. COMPRESSOR from listeners is asmmshmi!
ET-122-LS £20.39

Really helps avoid blasting your mods and adja-
cent channels! Preset it for the maximum that
your rig will like and your signal strength won't
top it -133-15 £12.37

FUNKY-WOBULO!

Add a wobble to your warble! A voice tremul-
ant with depth & fitering modulation. | skt
reqd SET-149 £1) .49

FUNNY TALKER MK2

SINGLE ROGER

Gives a single bleep of a preset duration and
pitch when the microphone switch is released
at the end of transmission.SET-127-LS £10.07

SPEECH PROCESSOR

Dramatically improves the inteligibility of
S| h signals. We are making many sales on
this directly because people have heard it on

the air! SET-110-LS £10.77
Modified ring modulator for fascinating metallic 2 ET-110-LS
and modulated quality to your voice. Includes VYOICE FILTER

For limiting the frequency band-width that
reaches the rig from the microphone, helping
to reduce background noise. Six selectabie
ranges plus by-pass. SET-131-LS £12.97

YOICE OPERATED SWITCH
Release your hands for other things, let your
voke do the switching forzou!

ET-123-LS £13.80

new high-gain pre-amp, e stabiliser, and
otgg\n level control;  SET-99MK2-LS £19.06
Add-on kit for MK{ users to convert to the
MK2 (box not required). SET-99ADN £3.39
MAD-ROJj!

Space invaders, machine gunf, police cars,
sounds like these & more from this 4-control
unit. | skt reqd SET-146 £9.99

MULTIPLEXER CB POWER SUPPLY
Are you using several front-end add-ons’ This From the mid-range of 13.8 volts, can be set
unit splits the microphone signal in up to 6 anywhere between about 10V and 16V at
directions for feeding various extras, and also approx. 300mA. ideal for driving all these vari-
contains a six-Input mixer for recombining the ous CB add-ons! (Mic skes not wtmd .
add-on signals onto one line, An extra two skts SET-130-LS £13.85
reqd for each to-from direction.

SET-132-LS £11.60

MUSICAL CALL SIGN

Programme your own individual 8-note call
sign. Push button operated for use when you
want. SET-120.LS £I1.ZJ

ROGER TWO-GONG
Two-tone gong-like sound automatically actl-
vated at the end of transmission.

SET-126-LS £14.72
SIGNAL COMPARATOR
Uses specil three~colcur LEDs to give a visual
indication of speech ievel. Also compares mic-
rophone level with levels from other units such
as Roger Bleeps, etc. Helps avoid overmodula-
tion and cross channel break-throuy,

SET-129-L5 £16.70

CONNECTORS AVAILABLE
4-pin chassis-socket  SKT-SC4 4ép plus P&P
4-pin line-socket SKT-LS4 P.O.A.
4-pin chassis-plug PLG-5P4 46p plus P&P
4-pin st\gylu PLG-LP4 62p plus P&P
S-pin 180° DIN chas-skt SKT-KS 16p plus P&P
S-pin 180° DIN I‘me-piu&
LG-KP 34p plus P&P

Std mono plas chas-skt SKT-US 20p plus P&P
Std mono plas line-plug

PLG-UP 18p plus P&P
If connectors ordered with kits in thes ad, no
P&P charge, else add 60p to total cost.

COMING SOON!

HISSING SID
BBER-VOX

PHONOSONIC

DEPT PE2N, 22 HIGH STREET, SIDCUP, KENT, DA14 6EH.
FOUNDED 1972. A DECADE OF DESIGN AND DELIVERY!

HEEBY-JEEBY

and others!
watch our ads & lists.

OPEN FRAME MONITORS AVAILABLE FOR OEM’S

The PRINCE of Monitors

offers better Monitoring.
24 MHz Bandwidth~ensures a clear crisp display.
Available with P4 White P31 Green AND L1 ORANGE

Scan: 625 lines/50 Hz. Defiection: 110°. Active raster: 240x172mm.
Bandwidth {3dB}: 10 Hz-24 MHz {at 3dB points). Character display:
80 characters x 24 lines. Horizontal frequency: 15625 Hz 10‘5 KHaz.
Verticel frequency: 50 Hz. Horizontal linearity: ¥ 3%. Vertical

linearity: 2%. Geometric distortlon: ¥ 1.5%. EHT (at zero beam
current): 13kV ¥ 0.5kV. Power drain: 30 Watt approx. Voltage
supply: 110V A.C. 50 H2/220V A.C. — 50 Hz/240V A.C., 50Hz/
+ 10% upon request. Video Input: 2 x BNC — or CINCH - or
PL 259, {(composite videc) negstive sync, Input Q.5-4V p,p. across
75 Ohms, X-Ray radistion: conforms to 1.E.C. Spec. No. 65. Overall
dimensions: 320 x 370 x 265 mm. Weight: 7 Kg. approx. Ambient
temperature: 0—-45°C.

OTHER CROFTON PRODUCTS INCLUDE: Computer peripheral
equipment, Frame grabber, Floppy disk drives, Ftoppy disks,
Computer power supplies, C.C.T.V. monitors, Uncased monitors,
Monitor P.C.8°s., Cathode ray tubes, VHF/UHF modulators, Video
switchers, Video distribution smpiifiers, Camera housings, Pan and
tilt units, Camers lens, Camera tubes, Printed circuit board service.

CROFTON ELECTRONICS LTD
35, Grosvenor Road, Twickenham, Middx, TW1 4AD.
Telephone: 01-891 1923/1513 Telex: 295093 CROFTN G

PROM PROGRAMME

® HEX KEY PAD

® POWERFUL EDITOR
©.TV (MONITOR) DISPLAY
® SERIAL/PARALLEL |/0

2716

2732
CASSETTE BACK-UP
2532 ¢ ZOMULATOR

SOFTY STANDS ALONE
£169+ VAT, EX-STOCK, BY RETURN

DATAMAN DESIGNS, LOMBARD HOUSE,
DORCHESTER, DORSET, DTI IRX. (0305) 68066

Extend your ZX81 System:
Add Memory that won't Forget!

2K CMOS RAM
SUPPLIED

#* ADD YOUR OWN SYSTEM UTILITIES

W BUILD UP A LIBRARY OF MACHINE
LANGUAGE SUBROUTINES

#*UP TO 8K NONVOLATILE RAM
#COMPATIBLE WITH 16K RAM
PACKS

COMPLETE KIT AS SHOWN,
WITH 14 page MANUAL, for
£19:95 pius £1:95p& p.

PC Board with manual for # eg’ - e

£10 post paid = o L
SASE for lurther details 3 "'-'F £199_5

HUNTER ELECTRONICS e
KENWAY, RAYMONDS HILL, AXMINSTER, DEVON EX13 6SZ @
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Revolution in circuit
board maker kits from
leading manufacturer

CIRCUIT MAKER
The CM100 Circuit Maker provides everything necessary to produce
Positive photograﬂhic fitm masters from same-size published circuit
ayouts and to make either single or double-sided boards from these or
other positive film masters.

Features

@® Economic and simple to use.

@ No expensive equipment required e.g. darkroom, UV box, cameras
etc.

Photographic experience not needed.

Simple etching process.

Universal exposure and assembly frame custom-designed,
professional quality.

Ergonomically designed storage pack which includes free-standing
shelf for chemicals.

Step-by-step instruction manual, workbench and trouble-shooting
charts provided.

Special clearing process ensures excellent clear positive film
masters.

Photoresist available in non-aerosol form to eliminate ‘spotting’
when applied to the board.

Mercia Electronics, Coronet House, Upper Well St., Coventry CV1 4DF.

nNerEle
ELECTRONICS

Coronet House,
Upper Well Street
Coventry CV1 4AF
Tel: (0203) 58541

Send for full illustrated brochure
and price details, post to:

® 20 30 20 50 0

¢ :® 3@ 0@ ‘® ©

“=CAR COMPUTER.

*One of the neatest, most comprehensive and most useful of these car
computers that we have yet come across . . .”
Practical Motorist

* Economy - save petrol by improving your driving technique and
improving the tuning of your car.

% Performance — dynamic checks on timing to improve performance
and economy.

% Security — protect your car by disabling the ignition. Enter a per-
sonalised combination to restart.

% Attractive, easy to fit, easy to operate — comes complete with all
parts needed. Full instructions provided.

% Imperial or metric read outs.

The PE car computer has been specifically designed as an integral part
of your car dashboard. Using highly accurate speed and petrol flow
sensors it allows you to Improve the fuel efficiency of your car by
providing Information on fuel consumption and tuning.

in all over 30 functions including instant and average miles per gallon
(or litres per 100 kilometres), estimated time to arrival, fuel needed to
complete a journey, speed needed to meet an arrival time, acceleration
tests, standing quarter miles and many more.

PE car computer: £88.50
Complete kit of parts: £78.50
Ignition cut-out £21.75

All prices include VAT. Allow £1 post & package. Goods by return.
Send S.A.E. for list of separately available parts.

PIMAC SYSTEMS LTD

20 Bloomfield Road, Moseley, Birmingham B13 9BY.
Tel: 021-449 0384
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Technical
Training in
Radio,
Television and
Electronics

ICS have helped thousands of ambitious people to
move up into higher paid, more secure jobs in the
field of electronics—now it can be your turn.
Whether you are a newcomer to the field or already
working in the industry, ICS can provide you with
the specialised training so essential to success

Personal Tuition and Guaranteed Success

The expert and personal guidance by fully qualified
tutors, backed by the ICS guarantee of tuition until
successful is the key to our outstanding record in

the technical training field. You study at the time
and pace that suits you best and in your own
home. In the words of one of our many successful
students: "'Since starting my course, my salary has
trebled and | am expecting a further increase when
my course is completed’’.

CITY AND GUILDS CERTIFICATES

Excellent job prospects await those who hold one
of these recognised certificates. ICS can coach
you for:

Basic Electronic Engineering (C&G/ICS)
Radio Amateurs

CERTIFICATE COURSES

TV & Audio Servicing

TV, Radio and Audio Engineering

Radio & Amplifier Construction

Electronic Engineering*

Computer Electronics*

Industrial Electronics®

Radio Frequency Electronics*

Introduction to Microprocessing™

Electrical Contracting & Installation
*Qualify for IET Associate Membership

IGCS

Div. Nationat Corporation
Approved by CACC Education

POST OR PHONE TODAY FOR FREE BOOKLET

Member of ABCC

Please send me your FREE School of Electronics Prospectus.

Subject of Interest

Name

i
|
Address l
» |
@ 01622 9911 .
{All Hours)
London SW8 4UJ —

Postto: Dept A273 |
ICS School of Electronics
160 Stewarts Road
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“THE comeurern BAND-BOX"
ELECTR 0 N I c M |CR SYN H (As Published in conjunction wBilh “PNram‘El gleclronics "

PIANOS THE COMPACT MUSlC SYNTHESIZER | cOMPLETE

SPECIALISTS SINCE 1972 i
Clef Pianos adopt the most advanced £235

form of Touch Sensitive action which
£320

simulates piano Key inertia using a
patented electronic technique.
71 OCTAVE
MANFD. .
DOMESTIC MODEL MASTER RHYTHM ALSO REQUIRED
A revolution in the field of Computer Music Generation}
b A MUSICIANS INSTRUMENT FOR:
OLOISTS — SINGERS - RECORDING PRACTICE

COMPONENT KIT £266
COMPLETE KIT £442

- »

0 PR L :rsegsavailable COMPLETE 2} OCTAVES LIVE PR FORMANGE —COMPOSTHION

including the 88-note full-size version. KIT * SWITCH ROUTING * 2 OSCILLATORS Ehc BAND-BOX provides aEElechor;lc Backing Trio consnsurng of

bt 0 o e raton f (£129.00 _* THUMBWHEEL _* 2 SUB-OCTAVES | /aiEhios combinaions, wi. he capty 1o S e

Piano tone. including Harpsichord. ,000 User Programmable Chord Changes on more than 120

B:;ilhoSoﬂe and S‘us%mnar ::hl‘s’rare in- STRING ROTOR-CHORUS different Chordsg Using advanced MICEOP{OCCSSO\' technology,

corporated in the Design and internal ENSEMBLE Comprehensive  two  speed | Playback of 50 100 Scores can be executed in any Key and at chosen

Effects are provided in the form of = = X organ rotor simulator plus a | Tempo. Complete Music Pad is electronically Indexed and stored on

Tremolo. Honky-Chorus. and (As Fublished in conjunction three phase chorus generator. .. | secondary battery back-up. Facility exists for composition of Intro,

Phase/Flanger. with ‘Practical Electronics’) Repeat Chorus. and Coda sections including Multiple Score Se-

A power amplificr integrates into the | A very popular Keyboard COMPONENT KIT £98.00 quences. Sockets are provided for Volume Ped% and lf'oolsmlch p]us

Fang,i0p whih may b femoved oM | Synihesier Kit. for Group or RENEOMRDGIARY | | st ard icd fosmimore Ouipe. Tl s 197 T R

Z e Home use. with a four octave Qur Square Front Keyboards e
SIX OCTAVE S MR e Kegboard 88 NOTE {4-C) £62.67 THE peogrammeie DRUM MACHINE
ey, - »
DOMESTIC MODEL COMPONENT XIT 7F:|'v:‘g(.57(:v?:l5|‘}; Emm(fns:;l':(bllshed in ronjum‘llon wllh ‘Practical Eleclromcs Y]
AT e COMPONENT KIT £234 £197.50 FOUR OCTAVE £31.62 PROGRAMMING
398 5
C MANIII(FACTUHEIOdNZDK board. Since 1972 Clef Products have consistently produced leading designs {,II"V]V_FENRT:SI;OUR
ampgnent’ JRits LineUccl NEAbad in the field of Electronic Musical Instruments. many of which have
K h hard d all el TWELVE
ey switch hardware. and all electronic been published in technical magazines. With musical uahl of INSTRUMENTS

“components and may be purchased in ot
portance, new techniques have been evolver
g’g;s‘li%:s'a'ls"?\::‘,::? gg:‘( ain Cabinets. Falest musicalty valid technology has been incorporated into projecls 35%2/5%:"

P h Pedals and in the case of which have been successfully completed by constructors over a wide COMPLETE XIT
Bg";"gs‘a"gdﬁ I:b:lshaP ot AT I|ﬁ0r range of technical capability. Back up TELEPHONE advice is £79.00
i ower Amplifier 1, yallable to alt our customers. MANFD. £119.00
The Six Octave Stage Piano has the
same range of Voices and Effects and is

PRICES INCLUDE VAT, UK CARRIAGE & INSURANCE | The Clef Master Rhythm is capable of storing 24 selectable rhythmic
designed for use with an External ] (CARRIAGE EXTRA ON MFD PIANOS). Please send S.A.E. for | drum patterns. invenited. modified, and emcrc%i by the Operaloron to
Amplifier and Speaker. ur complete llsts, or use our telephone VISA/JACCESS Service.. | Eight Instrumentation tracks. A three position Instrumentation con-
Competitive quotations can be given for EXPORT orders — in | trol expands the number of instruments available to twelve, grouped
S|X UCTAVE Australia pieasc coatact JAYCAR in Sydney. into sounds typical of playing with Drumsticks, Brushes, or Latin
STAGE MODEI. Ammcnn Bongos and Claves.
CLEF PRODUCTS (ELECTRONICS)

Sequence oFeratlon allows two rhythm sections to be coupled with

the second (B) section appearing at four, eight or sixteen Bar repeti-

4 COMPONENT KIT £234 LIMITED tion. All drums can be adjuslccf for level and resonance on internal-

COMPLETE KIT £363 MANUFACTUREG £550 {Dept. P.E.}) 44A Bramhall Lane South, Bramhall, controls to suit individual {aste, lhus producmg good musical sounds,
Stockport, Cheshire SK? 1AH 061 4393297 in a battery driven unit 84" x 5 x 24"

Please allow 7 days for normal despateh

, the MC88
£ > from

Quality plus value R 'COR Al
- always A no e to ute a nesd am, EXCEPTIONAL
VALUE AT ONLY £24.95

=

““The legendary

“MINIMAX"' £
— the small Seoum Hi-Fi rep- DDy = 9
speaker produc- resents EXCELLENT , . ‘)

ing "“Large QUALITY AT A — N 1

REALISTIC PRICE!
The range offers a
choice of amplifiers,
ONLY £69.95 tuner/amplifier, tuner,
and the excellent
SC4200 stereo cas-

NEW \MPROVED sétte recorder.

IMAx - THE SCIENCE OF AUDIO
VIDEOTONE — For full range of loudspeakers, in-car, C.B., 5 e o um

Video, audio & video cassettes, etc. Write for full details.
------------
PE 11

speaker’’ sounds.
Peak handling
100 watts.

WIDEOTONE 98 CROFTON PARK ROAD, Post to: Videotone, Crofton Park Road, London SE4.
LONDON SE4. I NAME .

Tel: 01-690 8511, etx. 32.
' Send for our free brochure and I EDBREDS I

details of outlets in the U.K.

L------------!J




LECTRONIC
HOBBIESFAIR

Alexandra Pavilion London November 18-

pANE Y

The biggest and best event ever to be
staged forthe

electronic hobbies enthusiast!

Walk into a whole worid of electronic

equipment. — Everything from resistors, IC's to

home computers, transmitting and receiving
units, Citizens band radio and peripheral

stations in the country direct to Alexandra
Palace-a bus will be waiting on your arrival to
take you to the show. Ticket price also includes

admission to the exhibition-so let the train

equipment, video games, musical instruments,
radio control models. . . . In fact whatever your
particular electronic hobby you'll find this show

take the strain to the Electronic Hobbies Fair.
Ticket prices at the door are £2 for adults, £1 for

will be the most interesting and informative
way to discover all the latest developments in
your particular field.

Other attractions willinclude radio and TV

transmission, electric vehicles, radio controlied

models, and demonstrations by local and
national organisations.
This is the age of the train —British Rail are
offering a cheap rate rail fare from all major

OPENING TIMES

children but party rates are available for 20
people or more. To find out more, contact the
Exhibition Manager, Electronic Hobbies Fair,
IPC Exhibitions, Surrey House, 1 Throwley Way,
sutton, Surrey SM1400. Tel: 01-643 8040,

Electronic Hobbies Fair is sponsored by
Practical Electronics, Everday Electronics and
Practical Wireless and is organised by
IPC Exhibitions Ltd.

Thursday 18 Nov. - 10.00-18.00

Friday

19 Nov.~-10.00-18.00

Saturday 20 Nov.-10.00-18.00
Sunday 21Nov.- 10.00-17.00

Practical Electronics November 1982

admission if you produce this coupon
at the door of Electronic Hobbies Fair.
Valid one per person onty any day.




SMALL ADS

The prepaid rate for classified advertisements is 32
pence per word (minimum 12 words), box number 60p
extra. Semi-display setting £10.70 per single column
centimetre (minimum 2:5 cms). All cheques, postal
orders etc., to be made payable to Practical Electronics
and crossed “Lloyds Banks Ltd”’. Treasury notes should
always be sent registered post. Advertisements,
together with remittance, should be sent to the
Classified Advertisement Dept., Practical Electronics,
Room 2612, IPC Magazines Limited, King’s Reach
Tower, Stamford St, London, SE1 9LS. (Telephone

01-261 5846).

NOTICETO
READERS

Whilst prices of goods shown
in classified advertisements are
correct at the time of closing
for press, readers are advised to
check with the advertiser to
check both prices and
availability of goods before
ordering from non-current
issues of the magazine.

["When replying to Classified Advertise-

ments please ensure:

{A) That you have clearly stated your
requirements.

{B) That. you have enclosed the right
remittance.

(C) That your name and address is
written in biock capitals, and

(D) That your letter is correctly

RIDICULOUS RESISTOR SALE
} watt carbon film resistors. 5% ol High guality resistors
made under exacting conditions by automatic machines. E12
range 1RO to 10MO. Lot A.1000 (25 per value). £8. Lot B. 500 (25
per value) £4.25. Lot C. (25 per value} 100 for 90p. Orders over
£5 post free otherwise postage 15p in £1.
1000 PCB type RESISTORS. £2.50. Bulk purchase enables to
offer 1000 mixed preformed 5% ) carbon film resistors for
PCB mounting. Huge range of preferred vaiues. £2.50 per 1000.
4000 for £8. Postage 15p in £1.
AC ADAPTORS. |deal for powering small transistor radios and
calculators. Input 240v. 50hz. Qutput 6v 100ma. Fitted with
calculator plug. Very compact. Should be £3. Our price £1. 75
p.p. 25p. 2 for £3.25 post free. 9v 150ma version £2.50 each, p.
25p. 2 for £4.50 post free. HAVE YOU SEEN THE GREEN CAT'I
1000s of new components, electronic, radio, audio, T.V. at
unbelievably low prices. Send 50p and receive list and FREE

EDUCATIONAL

CAREERS IN MARINE ELECTRONICS. Courses commencing
September and January. Further details, The Nautical
College, Fleetwood FY7 8JZ. Tel. 03917 79123.

TELEVISION COMPUTER
RADIOCOMMUNICATIONS
& RADAR SERVICING

RECORD SPEED INDICATOR. 1
MYERS ELECTRONICS. B
Dept PE 12/14 Harper Street, Leeds LS2 7EA. Tel 452045.
New retail premises at above address. Callers welcome
9 to 5 Mon. to Sat.

TE § ECTRIC

THE ELECTRICITY COST MONITOR
FEATURED iN PE MARCH & APRIL ‘82
AS SEEN ON NATIONAL TELEVISION
Telectric Assembly Kit £59.50 + VAT
Telectric Unit Buiit & Tested £98.00 + VAT
P8P per kit or unit £3.00 + VAT
SAE for fult details, Component List & Order Form
Cheque or Purchase Order to:

addressed to the advertiser.
This will assist advertisers in processing
and despatching orders with the mini-
mum of delay.

Modular
Diploma course to include a high
percentage of practical work.

full-time.

@ ELECTRONIC PRINCIPLES (1st)
@ ELECTRONIC PRINCIPLES (2nd)
® MONOCHROME TV

@ COLOUR TV, CCTV & VCR

@ MICROELECTRONICS &
DIGITAL TECHNIQUES

@® MICROPROCESSORS &
COMPUTERS

@ RADIOCOMMUNICATIONS &
RADAR

RECEIVERS AND COMPONENTS

300 SMALL COMPONENTS, transistors, diodes £1.70. 7lbs
assorted components £4.25. 101bs £5.75. Forty 74 series ICs
on panel £1.70. 500 capacitors £3.20. List 20p refundable.
Post 60p. Optional insurance 20p. JWB Radio, 2, Barnfield

Crescent, Sale, Cheshire M33 INL. R b ¢ .
= esponse compa
MIXED METAL FILM RESISTORS 100:80p, 1000:£5. Cermet Froxfield, PEtonﬁeld. HantPGUBYZ 1DX.

potentiometers 10 mixed £1. Low profile sockets 24 pin 15p. ACCESS Tel: Petersfield (0730) 3083
BN RS N EloT Usts i1 Milner, 12038 GOCCT MRS TURN YOUR SURPLUS capacitors, transistors, etc. into cash.

SlgREhalE Kshirc Contact COLES HARDING & CO. 103 SOUTH BRINK,
ELECTRONICS COMPONENTS SHOP in Maidstone, Kent. WISBECH, CAMBS. TEL: 0945 584188. Immediate

Each of the above Modules are 13 weeks

Thyronics Control Systems, 8, Sandling Road, Maidstone. settlement. L 4 o8

Maidstone 675354, 'Wﬂﬁm in duration. Ind|V|c.|uaI Modyles can be
BOURNEMOUTWBOSCOMBE. _ Electronic (2 1§V 2BV, SOV e — 5B Eiengad for afRlaris=Fats ERRN
specialists for 33 years. Foresters (National Radio Supplles) 2247 & 127 100- (50V—8; 8 220—8p. electronics background.

Late Holdenhurst Road, Now at 36, Ashley Road, Boscombe. {50V—10p), 478-11n B 8o s STt to.snniemi alinat

000/25V—250 IOOO/4OV —36p.

Tel. 302204. Closed Weds. awarded a TEC Diploma in Electronics

& Communication Engineering on

0-1. 022, o47 1o.35v 47'.63v—14n

T & J ELECTRONIC COMPONENTS. — Quality components, 2.2/36V, 4-7/25V—15p.  10/28V,  15/16V—2up. A
competitive prices. [llustrated catalogue 45p. 98 Burrow 22/16V, 33/t0V, 47/6 68/3V A& 90/3v -30p completion of the full course.
Road, Chigwell, Essex. 1525V, 22/25v, 4Thov—3 ==, Next session starts Sept 13th,
’ ' Subminiature Ceramic Caps. 2 s-n.- 100V.
2% ¥ p'39((;) ) 1 p‘r—ap i p' 7tgo L pf_‘n Prospectus from:
10% pv g
BRYSTEP ELECTRONICS c Plste 50
10 Camphill Industrial Estate, Y1552 pr 1o 1000 . €6 1500 nf.to 47000I p'M—I‘p
E1 S orizontal ntg
West Byfleet, Surrey KT 14 6EW. polvatyrong 12 Sar®Tood: pi. by pf.—ap. LONDON ELECTRONICS
Tel. Byfleet (09323) 41547 Miniature Polyester 250V Vert. Witg, E6 Cucs COLLEGE
§ A —
CMOS Part of our ex surplus/ 68 = 120, 110 — 18p. 15 — {" 252 =2

Ogl-r (Polyeﬂer) Fulm 100V. Vertical Mounting.
-01, -022—4p. -04, -05, 0-1—5p.
High S!abilltv Mlmature Film Resistors 5%

4001 £0.10 4069 €0.15

liquidator stock:
4007 £0.15 4070 €0.15

Dept: AA, 20 Penywern Road,

W6 £0AT W78 £0.18 | 4008 £0.2]. W E24 Serios 0.51R — 10MO. (Except 7M5) ~ 1. London SW6 9SU. Tel: 01-373 8721.
U fode wm  cos |01 Guct §W £12 Serics 108 1 10MO.— ‘3"‘ '
w eres to 1
ﬁ:; é‘.?';g :23 28_‘%: 4016 £0.12 1W metal film E12 Series 1on 1MO. 5% - 2p. 1% —
WS €050 408 £1.44 | 4022 £0.25 1N4148—2p. 1N4002 N4006—8p. 1N4007—7p
046 €0.19 4510 €0.48 - 'BC107/8/9—12p. BC147/8/9, ac157/a/9 BF195 & 7—10p.
W7 (0-]8 it £0.45 4023 £0.10 8 Pin ic's. 741 Op. amp.—18p., 555 Timer—24p. SERVICE SHEETS
Q18 ‘0'45 ®12 £€0.50 | 4175 £0.50 Dil Holders 8 pin—9p. 14 pin—12p. 16 pin—14p.
Wl £0.40 &M £119 0 LED's. 3 & 5mm. Red—100, Green & Yellow—14p, .
wn €048 sis €120 | 4419 £1.50 Sropsts Ko Sposelp RS (ommat et Rbinnr o 2p: BELL'S TELEVISION SERVICES for Service Sheets on Radio, TV.
W) £oM6 sl6 €059 | 4507 £0.18 o) OV Wiy SS9 9e, 9 O 5 0 e etc £1.25 plus S.A.E. Colour TV Service manuals on request.
4518 £0.35 i 9 P. . o A
:g;; iooﬁ R g0y 4514 £0.60 E2!0mm. F\éseholders( IP,(): ?"P3 Ch855|s Pl\gég:gp. S.A.E. with enquiries to B.T.S. 190 Kings Road, Harrogate,
5 g att naps a r—; . -
% Eg.:: :zg gg.% 4516 :0.38 400mW Zener diodes E24 series 2V7 to 33V—-8p, N. Yorkshire. Tel. (0423) 55885.
X 3 4519 0.15 Prices VAT inclusive Post 15p. (Free over £5.00).
g 4534 £0.6 g
W 0% Gu a0 | 4556 €0.24 THEC.R.SUPPLY CO. COURSES
W €022 I £0.98 | gyg) €2.00 127, Chesterfield Rd.. Sheffield SSORN. CONQUER THE CHIP.., Master modern electronics the
- 28_11% LR 2708 £€1.25 : = = PRACTICAL way by SEEING and DOING in your own
= 2716 (3 Rail £2.15 . home. Write for your free colour brochure now to British
oo, 1 ( ) - BOOKS AND PUBLICATIONS National Radio & Electronics School, Dept. C2, Reading,
Many, many other items heid in siock. | | M32IK £2.00 Berke RGI 1BR.
SAE for full stock and price Iist. Ako, SE9300 £0.25
seperate list of items which are ex: Surp- 3 | FULL SIZE SERVICE SHEETS by return £2.00 each plus L.S.A.E.

AERIALS

lus/Liqudator stodk, at bargain prices. 5x7 Dot Matrix

fully guarance your money back in WU. Except C.T.V./Music Centres from £3.00. Repair data with
it anyg\‘:nm faiks, whether old or new, Displays 0.35" £2.00

circuits named T.V.s or early VHS/Philips Video Recorders
provded it i setumed within 28 days of £8.50. L.S.A.E. for free 50p magazine/quotations etc., T.LS. AERIAL BOOSTERS trebles incoming signal, price £7.00. SAE
receipt. We have newr had to reum :’S';:se add (030 php and W @ (PE), 76 Churches, Larkhall. 0698-883334, Lanarks ML9 leaflets. Velco Electronics, Ramsbottom, Lancashire BLO
money yet 5 1HE. 9AG.
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SOFTWARE

MISCELLANEOUS

UK101 SOFTWARE ON TAPE
from the guy who wrote “Le Passe-Temps"

GALACTIC HITCHHIKER (8K). An adventure, all in
machine code. A beauty! (£7.00}

SUPERTREK (8K). Sait boldly through the universe
zap-ping moving Klingons in real time. Superb graphics.

STARTREK {8K). The old favourite, beautifully presented.
{£6.00)

LUNAR LANDER. A real challenge You won't get down in
less than 3 hours. (£3.00) °
HANGMAN . Excellent graphics. P.E. said sol (£3.00)
BASIC TUTOR (8x4 e only way to leam — at the
keyboard. (£12.00)

Ey SSE-TEMPS. You NEED this, if you haven't already

ot it. (£3 00)
&AD MONK {8K). It's ready at lastl A machine code
adventure with some truly remarkable graphics, this
g;'ogrnmme is in a class by itseif. {£9.50)

ese ORIGINAL PROGRAMS are compatible all 2K
Monitors and are available for 16x48 and 32x48 displays
{including enhanced Superboards}.

HARDWARE
These kits are complete In every way: - Fully socketted high
quality PCB, all components switches etc, plus preformed
cable for inter toJ1, or our.
MOTHERBOARD S STEM. Now you can add on all
those extras easily. Provndes elght, yes EIGHT, fully buffered
J1 type sockets. (£19.50)
gTATIC RAM BOARD. (£39.50)
HI SPEED CASSETTE INTERFACE. At last, a system
that works. COMPLETELY RELIABLE 4000 baud (8000
with reasonable cassette) plus software for named file
handling. A delight to use. (£19.50) ~
VIDEO ENHANCEMENT. Switch selectable 16x48 or
32x48 displays without butchering your computer.
{£19.50). Monitor EPROMSs re-blown to suit for just £2.50
8K EPROM BOARD. (£19.50). A 2K Extended Monltor is
acvailable in EPROM for £7.50 and Toolkht In EPROM,
12.50.
MONITOR BOARD. Plug into Monitor socket to provide
switch selection of up to 4 EPROMS. (£9.50)
BASIC 4 Replacement provides a knock-out Cassette
Handling Sys(em Old, Dynamic Halt, Single Step and
Trace. { 39
PRINTERS Phone for latest prices e.g. EPSON MX80FT
11 for £399.00 incl. Securicor Delivery.
Prices include post & packing but exclude V.A. T
Please write or phone for further details:

MERLIN (MICRO SYSTEMS) LTD.,
ﬁ“"‘“ 93, High Street,

i 1 Eston,
! i

Cleveland.
= Tel. (0642) 454883.

CENTURION

ALABRMS

We manufacture, you save £££'s
Send s.a.e. or phone or our Free list of
professional D..Y. Burglar Alarm Equip-
ment and accessories,

Dlscount up to 20% off list prices,

or 0484 35527 (24 hr.ans.)
analysers, meters, recorders, etc. 0403 76236.

FOR SALE

e.g. Control Equipment from £15.98,
Decoy Bell Boxes from £5.95 inc.
TRADE ENQUIRIES WELCOME

CENTURION ALARMS (PE)

265 Wakefield Road, Huddersfield

k Bnos 9BE, W. Yorksrﬁre.@
Access & Visa
Ordsvs Welcomed

BURGLAR ALARM EQUIPMENT. Ring Bradford (0274) 308920
for our cataloguc or cail at our large showrooms opposite
Odsal Stadium.

2 0484-21000
CLEARING LABORATORY: scopes, generators, P.S.U.’s, bridges,
CABINET FITTINGS

Fretcloths, Coverings, Handles. Castors.
Flight Case Locks & Parts. Jacks. XLRs,
Bulgins, Reverb Trays, P & N mic Stands,
ASS Glassfibre Horns,

CELESTION POWER

Speakers.

Send
30p cheque/
P.O. for illustrated
catalogue: Adam Hall (PE Supplies),

THE SCIENTIFIC WIRE COMPANY
PO Box 30, London, £4. 01-531 1568.
ENAMELLED COPPER WIRE

SWG 11b 80z 402 202

8to 34 3.30 1.80 1.00 0.80
35 to 39 3.52 2.10 1.15 0.85
40 to 43 4.87 2.65 2.05 1.46
44 10 47 8.37 532 3 19 2.50
48 to 49 15.96 9,58 6.38 3.69

SILVER PLATED C(PPER WIRE
14 to 30 6.63 338 2.28 1.50
TINNED COPPER WIRE

14 to 30 3.97 24 1.39 0.94

10 x 10 Mtr reels 3 amp PVC cable mixed colours
£5.00.

Prices include P&P, VAT. Orders under £2 add 20p.
SAE for list of copper and resistance Wire.
Dealer enquiries welcome.

WRONG TIME?

MSF CLOCK is ALWAYS CORRECT — never gains of
loses, SELF SETTING at switch-on, 8 digits show
Date, Hours, Minutes and Seconds, auto GMT/BST
and leap vyear, also parallel BCD (inc Weekday)
output, receives Rugby 60KHz atomic time signals,
built in antenna, 1000Km range, £69.60

60KHZ RUGBY RECEIVER, as in MSF Clock, data
output, decoding details and ZX81 listings for
LOCAL, GMT and SIDEREAL TIME, £22.20.

Each fun-to-build kit includes all parts, printed circuit,
case, instructions, postage etc, discount offer, money
back assurance so GET yours NOW.

CAMBRIDGE KITS

45 (FL) Old School Lane, Milton, Cambridge.

MAKE YOUR OWN PRINTED CIRCUITS
Etch Resist Transfers — Starter pack (5 sheets, lines,
pads, I.C. pads) £2.10. Large range of single sheets in
siock at 45p per sheet

Tr

fram P.C. layouts in
magazmes by simple phoiographuc process. 2 sheets
negative paper, 2 sheets positive film (Ad4) £2.10.
Photo-resist spray (200 m|) £3.50 (p+p 65p). Draft-
ing Film (A4) 25p. Precision Grids (Ad) 65p.

22p stamp for lists and information. P&P 50p per order

ACORN ATOM Floating Point Eprom £15.00. Utility Eprom
£18.00. Bargain price £30.00 pair. Davidson, 109 Highgate
Lane, Farnborough, Hants.

- TELETEXT (ORACLE/CEEFAX) add-on adaptors for your existing
television. Only £149.95 inclusive. Also viewdata (Prestel).
Trade enquiries welcome. Access/Visa. Avon Office Services
(PE). FREEPOST, Bristol BS10 6BR. (0272) 502008
anytime.

LOADED PCB's for sale. Various components: resistors,
transistors, capacitors, diodes, 1C sockets, variables, etc. £1.80
plus £1.20 p&p cwo. Also double and single sided copper
laminate off-cuts £1.50 kilo plus £1.50 p&p cwo. Mr G.
Davies, 3 Garden Cottage, Peplow, Market Drayton,
Shropshire.

WANTED

WANTED. Change-over switch devices for operating small
solenoid valves at idling r.p.m.s of cars. Potential market for
good design and manufacture at right price. Box No. 90.

Unit G, Cariton Court, Grainger Road,
Southend-on-Sea.

except where indicated.

P.K.G. ELECTRONICS
OAK LODGE, TANSLEY, DERBYSHIRE.

50 MHz MULTI-FAMILY
LOGIC PROBE

+ TTL/CMOS. only
% 3 LED, HIGH, LOW, PULSE.
* MEMORY AND PULSE MODES.
¥ 10 NANO SECOND PULSE
DETECTION.
% DC TO 50MHz DUTY CYCLE.

+VAT.

Tel: (01) 2234462 & 223-1718.

w ‘ A.J. Lawler Electronics Ltd.,
@ J | 2/18 Yelverton Road,
% Battersea, London, SW11.
—

ELECTRONICS LIMITED

Please
mention
PRACTICAL
ELECTRONICS
when
replying to
advertisements.

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS
Please insert the advertisement below in the next available issue of Practical Electronics for

insertions. | eNclose CheqUE/P.O. FOr £.. ..o ettt b e or b s e te e e h s s s s b e ae s h e b st et sae s b e en e essaaas ebantenesaartenes
{Cheques and Postal Orders should be crossed Lloyds Bank Ltd. and made payable to Practlcal Electronics)

NAME..
ADDRESS..

Company registered in

Send to: Classified Department,

PRACTICAL ELECTRONICS
Classified Advertisement Dept, Room 2612,
King’s Reach Tower, Stamford Street,

London SE1 9LS.
Rate:

ing’s Reach Tower, Stamford Street, London SE1 9LS.

Telephone 01-261 5846

32p per word, minimum 12 words. Box No. 80p extra.
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[ NEW -NEW-NEW

CT 1000P THE 1000 VOIGE
DIGITALISED POLYPHONIC
SYNTH from Casiotone

|
\_—

absurdly low price £325
with£48 FREE accessories

Festures
* 1,000 Voices ® 5 octave split Keyboard
* Polyphonic * Real time Sequencer
* Preset and programmable * Pitch Transposer
arpeggios

This advanced technology synthesiser from Casiotone fs without doubt the
keyboard bargain of the year and has been eagerly awaited by everyone. It
has ten superb basic woices plus selectable envelope, footage and modulation
giving 10 x 10 x 10 sound variations numbered 0 — 999.

Up to ten sounds can be stored in a non-volatile memory ready forinstant selec-
tion while playing. The five octave eight note polyphonic keyboard can be
split into two separate sections each with a different voice: A sixteen step
preset arpeggio is available in addition to programmable arpeggios with a 127
steps which can also function as a real time sequencer.

Pitch is displayed digitally and a wide range pitch control, allows transposition
over 1% octaves. There is sustain and vibrato facllities plus an integral ampli-
fier /speaker and line output and phone sockets.

Dimansions 117 x 916 x 363 mm (4% x 36 x 14%inches) Weight 10kgs
(22ibs).

IV N I ) MAIL ORDER
YV IVE: 1M SPECIALISTS

Casiotone

EEMRELECTRONIC NEYBOARDS mumml

accessaries £ 75

withp b

MODEL (TICK) FREE ACC. VALUE ACCESSORIES (TICK)
VL-1 35.95 8.85 Song Book {6 Titles) ea. 2.95
VL-10 26.95 550 CS-H Stand {CT Models| 30.00
VL-§ 79.95 13.00 VPE Vol. Ped {CT Models) 25.00
MT-31 69.00 1100 SPE Sus Ped (CT Models) 6.50
MT-40 99.00 15.00 HC-3 Hardcase {CT-202) 44.00
CT-101 195.00 36.00 | HC-A Hardcase (CT-101%03} 26.00
CT1-202 275.00 42.00 HC-B Hardcase {CT-601-701) 35.00
€1-403 275.00 42.00 PC-2 Hardcase (MT-31-40) 9.95
CT-601 395.00 7000 AD-4180 Adaptor (VL-1) 5.00
CcT-70% 445.00 75.00 AD-1E Adaptor (MT-31-40) 5.00
CT-1000 325.00 48.00 Prelude Chord Computer 19.95 1

PLEASE SEND ME THE KEYBOARDS TICKED.
PLUS MY CHOICE OF FREE ACCESSORIES TICKED.
TOTAL REMITTANCE ENCLOSED.

| wish to pay by enclosed (pisase tick}

chequed P.0.00 m0.00 cashiRegistereas 0
t wish to pay by Access Card. My Access Card Number is:

L SigENENENRNNES

SIGNATURE NAME

L 1UT ] 3 S ——

Same day despatch
subject 10 availability.

ADDRESS

TEL. NO.

Cut out your order torm and send (no postage required) to:

Micro Musical Limited
FREE POST

37 WOOD LANE, SHILTON, COVENTRY, CV79BR
TELEPHONE:0203 - 616760 P

/AARSHALLS ELECTRONICS
A. \"ARSHALL (LONDON) LIMITED
and
BRADLEY MARSHALL LIMITED

wish it to be known that there is no connectionbetween
them.
Each of the above-named Companies trade as
separate entities and. have no connection
whatsoever.

A. MARSHALL (LONDON) LIMITED who also
trade as MARSHALLS ELECTRONICS and
CONCORDE INSTRUMENT COMPANY LIMITED
will continue to advertise with their well-known
logo and format and conduct their retail and
industrial sales from their Glasgow Branch at 85
West Regent Street, Glasgow, G2 2QD. A.
MARSHALL (LONDON) LIMITED and CONCORDE
INSTRUMENT COMPANY LIMITED have their
Registered Offices situated at 27a Old Gloucester
Street, London W1 and they also have an office in
Monmouth.

BRADLEY MARSHALL LIMITED conduct their

business from 325 Edgware Road, London, W2

1BN having purchased that business from A.
MARSHALL (LONDON) LIMITED.

A. MARSHALL (LONDON]) LIMITED
MARSHALLS ELECTRONICS
BRADLEY MARSHALL LIMITED

ENFIELD ELECTRONICS

BARGAINS OF THE MONTH FOR ALL P.E. READERS!

£ 00
Itk ordered

A supert: stereo headphone

waﬂv "009 ald, m'lanh 1mw
response: 20-

uNwFr impecdance & ohms A
Matching impedance 4-16 ohms
5) Maximum input 0-5 watts per channel Universat NLCAD. battery chargar. All
il hc e cormor plostic_case with Wit up lid.

RV e pgum Charge/Test switch. LED indicators st
n m loal coiled cord with sterao phona SN G (R Cedfis

Charges:- PP (9V]. U12 (1-5V

s)Lum-'v 0t ear pads and head penlite), U11 16V “C"j, U2 (1-57

cushion ZDO> P:’&" SI)ZGZIOV AC, Dlmt
B
fir oo i
PLEASE ALLOW 10 DAYS FOR DELIVERY. OPEN 9am-6pm MONDAY YO SATURDAY,
208 Baker Street, Enfield, Middiesex.
01- 366 1873.

Dept. No. 21 44 Paddock Mead, Harlow, Essex. CM18 7RR. Tel: 0279 32700

PARNDON ELECTRONICS LTD. 2

RESISTORS: V/4 Watt Carbon Film £24 range £ 5%o tolerance. High quality resistors
made under strictly controlied conditions by automatic machines. Bandoliered

and colour coded. 3
£1-00 per hundred mixed. {Min 10 per value) ﬂ/
4 Way 86p each. 6 Way £1-00 each. 8 Way £1:20 each. *s

DIL SOCKETS: High quality. low profile sockets.

£8.50 per thousand mixed. (Min 50 per value)
8 pin- 10p. 14 pin - 11p. 16 pin - 12p. 18 pin ~ 19p. 20 pin - 21p.

DIODES: ma4148 3p each. Min order quantity - 15 items.

£1-60 per hundred

DIL SWITCHES: Goid plated contact in fully sealed base - solve those

programming problems.

Special stock pack 60 values. 10 off each ESW
22 pin - 23p. 24 pin - 25p. 28 pin - 27p. 40 pin - 4

ALL PRICES INCLUDE V.A.T. & POST & PACKING — NO EXTRAS

k MIN. ORDER - UK. £1-00. OVERSEAS £5 CASH WITH ORDER PLEASE
Same Day Despatch )
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MARCO TRADING

We have now moved to our new much larger premises. (Over 6000 sq ft). We
purchased these new premises in November and after we have settled the stock and
staff in we are going to open a retail shop for callers. Whilst the shop is not yet ready
we will of course make callers very welcome and feel confident they will find many
bargains, We will soon open on Saturdays, please telephone for further details.

TRANSFORMERS British made transformers at once only prices.

Primary Secondary Current 1+ 10+ 100+
240V 45045V 400m/a SO0p 4Sp 35p
240V 6-0-6 100m/a S58p 52p 43p
240V 6-0-6 500m/a 6Sp 60p 48p

Manufacturers note: We can supply OFF THE SHELF
1000 + quantities of the above transformers.

These high quality British made European Adaptors are

ADRETORS ideal for driving radio’s, cassette recorders, TV games,
calculators etc etc.
These adaptors fit the UK shaver socket.
14+ 10+ 100+
EO8 45V DC 200m/a 50p 45p 32p
EM3 6V DC 200m/a £1.00 80 SS5p
- EO9 6V DC 400m/a £1.50 £1.26 8Sp

RESISTOR PACKS
Marco has long been known for its resistor development packs and for the new-
comer we give full details.

0.25W 10 of every value from 10 ohm to 820K i.e. 10R, 12R, 15R, 18R, 22R, 27R, 33R,
39R, 47R, 56R, 68R, 82R, 100R etc etc up to 820K.
Total: 600 resistors Price: £5.00
0.5W 10 of every value from 2R2 to 2M2 i.e. 2R2, 2R7, 3R3, 3R9, 4R7, 5R6, 6R8, 8R2,
10R etc etc up to 2M2.
Total: 730 resistors Price: £8.50
OUR LATEST CATALOGUE NOW AVAILABLE FOR ONLY 25p INCLUDES COMPO-
NENTS, CHART RECORDERS, MULTIMETERS, SPECIAL OFFERS AND PRE-PAID
ENVELOPES.

Please add 35p postage and packing and 15% VAT to all orders.
Send orders to:

MARCO TRADING éDept PE9)

The Mattings, High Street,
Wem, Shropshire SY4 SEN
Telephone: WEM (0939) 32763

Every order receives our latest special offer lists. Or send SAE.
All orders despatched by return of maijl.

WL
RAUDIO

L The firm for Speakers

Bigger and Better for 1982
the colourful Wilmslow Audio brochure
—the definitive loudspeaker catalogue!

Everything for the speaker constructor — kits, drive units,
components for HiFi and PA.

50 DIY HiFi speaker designs including the exciting new
dB Total Concept speaker kits, the Kef Constructor range,
Wharfedale Speakercraft, etc.

Flatpack cabinet kits for Kef, Wharfedale and many others.

* Lowest prices — Largest stocks
* Expert staff — Sound advice »
* Choose your DIY HiFi Speakers in the comfort of our »
two listening lounges
{Customer operated demonstration facilities)
* Ample parking %
Send £1.50 for catalogue
{cheque, M.O. or stamps — or phone with your credit card number)

# Access — Visa — American Express accepted %
also HiFi Markets Budget Card.

Aumm J
The firm for Speakers

35/39 Church Street, Wilmslow, Cheshire SK9 1AS

B Lightning service on telephoned credit card orders! @
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0625 529599

MIDWICH HAS MOVED!

OUR PRICES HAVE TOO — DOWN!!

In order to maintain ourstandard of service and house ourevergrowing range
of stock, we’ve moved to larger premises. You can still use our old telephone
number for a limited period, but please make a note of our new one and
our address.
To celebrate the move we have reduced our prices still further. We know this
will displease our competitors, but we’d rather please our customers
NB - NO SURCHARGE ON CREDIT CARD ORDER!

Be happy — move with Midwich. And remember, we always try!o give you the
best deal and the best service. It we fail just let us know — we will always try to
make amends.

MEMORIES «« NEW LOWER PRICES «+
*2114 Low Power 200ns  0.80 | +2732 350ns 4.40 | 4164 200ns (T 485
2716 450ns (5V) 2.10 | 2532 450ns 380 | -4816/4516 100ns 209
2716 350ns (5V) 359 | -4116 200ns 0.70 | *5516 200ns 9.38
*2716 450ns (3 rai 585 | 4116 150ns 1.10 | “6116P3 150ns 85
2732 450ns 3.75 | +4118 150ns 3.38 | *6116LP3 150ns 5.75
BBC MICRO UPGRADE KITS «« NEW LOWER PRICES «+
BBC1 4516/4816 X 8 100ns 21.50 | BBC2Y Pnnter cable complete 13.00
B8BC2 Pnnter/User VO kit (1069.70 + PL9, 10) 8 w BBC22 Connector for user port with 200
BBC4 Analogue input kit [(IC73, 77 + S . 36" cable, 3
BBCS Senal O am RGB kit (IC74 75 4+ 513, 4)'“ lS BBC44  Analogue input plug -with cover 25
BBC6  Expansion 6.25 | BBCS5 5 and 6 pin DIN plugs for 0.99
kit (IC71, Z 76 + PU‘I 12) Senal /0 and RGB input
‘MOST KITS ARE NOW EX-STOCK! BBO66  Cornector for bus port with cable 350
«20+ We've done it again! Massive price reductions on LPS and CMOS eeee
Device Price | Device Price | Device Price | Device Price | Device Price
280 FAMILY “W01391 KIT 45.50 | 36864MHZ .85 | 74LS SERIES 245 080
<ZB0CPU 285 | -w01393 KIT 4550 | AMRZ 1.45 | 00 a0 | 251 029
“ZBOACPU 345 | -WD1395 KIT 4550 | 6GMHZ 145 | Of 011 | 257 034
+ZBOCTC 284 | -WD1397 KIT 4550 | BMHZ 1.70 | 02 01 | 259 057
*BOACTC 2.85¢ | (KITS INCLUDE 96804MHZ 18503 041 ) 266 019
“ZBOADART  5.70 | £D179X 4 WD2143 04 01y | 273 059
*ZBOADMA 1895 § 4 w01691) CMOS 4000°8° 05 011 | 279 059
'gg:'g b gg SERIES 08 0.1 2Bg ggg
i MISC SUPPOR 4001 0.0 | 09 011
“BOASICO 1189 | AES T 1001 010 | 10 o1 | 366 029
ZBOASIO-1 1199 | “4m0is 2.99 | 4002 02 112 011 | 367 029
ZB0ASI0-2 1099 | s qa00 795 | 4007 0.15 113 0.5 | 368 039
MK3386 N0 | 538010 599 | 4011 011 | 14 029 { 373 050
MK38864  14.47 | .ave 1013 209 | 4012 0.15 | 15 012 | 374 064
5800 FAMILY *AYS-3600 7.95 | 4013 024 | 20 012 | 37 069
k -AY5-2376 589 | 4015 049 | 21 012 | 3% 049
6800 298 | AT S99 | s o19 | 2% 012 | 393 0.4
Sz 34| Uies 08 | 4017 037 | 27 oyt =
oo 21| -MClags  oss | 4020 pris iz 0.1z || pllp skt
6810 192 | *MCade 295 | 4023 015 012
6821 120 | 'MC3448a 425 | 4024 03132 012 | Bns T God Ww
A 395 | ‘MCaB0  70s | 4025 016 | 37 oi2f 8 7 25
-6845 875 | “MCigr 298 | 4027 023 ]38 02| 14 9 2 35
. 0 MC14411 694 | 4028 049 (40 012 |46 9 N 38
G Hiy 94 | 4040 048 | 42 027 |18 3 33 %2
*6880 107 | ‘MC14412 798 | 400 044 |47 034 | 2 3 80
-6887 060 | "RO3-2513L 699 - |2 By
£8488 al1 | “RD325130  sog | 4046 084 | 51 0.14 17 4 70
6875 582 4047 0.48 | 54 014 | 24 19 @2 70
T |
oo & 181 4059 044 | 76 017
*68B02 19.01 zmso KT 1735 ] 4050 059 | 83 034 | DILJUMPERS
68821 229 4080 059 | 85 a7 | Single ended 24
68810 200 | | nEaRs 4066 029 | 88 o1s | 14BN 140
S0040 10 iuwvmotan 025 | 4069 015 | 9 aze | 6PN leo
98 1 (308N 0.89 | 4070 0.14 | 92 031 | 40N 2
T LM311IN 059 { 4071 0.4 |93 0.25
T gas |GV 214 | 4073 cindflj1s 927 1 paube Ended 67
6520 eliniah L aollk onsifpze 0% | uew 190
*6522 a1 LM555N 0.16 | d003 025 | 155 22s | 16PN 205
6532 595 | (pese 0.4 025 | 4PN 210
s 13 PIN) faof L'PN 485
8080 FAMILY MP47C o2
T e Wi 5 |t e 17
T ] | am
. .19 | REGULATORS
+8255 295 | 7805 o3 | qoen 510
BUFFERS a1 034 | voutie endva 18
811595 080 | 7 . N
810887 090 | 1593 NB. other dovices | ] 028 | 16 ew 225 |
81LS97 080 | 78115 ¥ avallable 035 24 PN 340
81L598 0.0 | 7905 034 | 40PN 525
8126A 120 | 7912 0.39
B&A :g 7915 . oy é;:g‘msmmn
8 35 | (M309K I SOCKETS
BTO7A 135 | (M317K . spEm AL g:" 24 PIN 595
8798 145 | (M323K DFFER 0.40 Zg E!N 7;?
LM338K g IN 8.
OATA CONVERTERS S a4 *
45 WAY |1
N7 599 | UMF MODULATORS 044 1 Connecri
-ZN428 a7s | ovnzwi) 370 SRR 0aa | VTS toas
-INa%2 1300 | BMHZUM1233) 440 e g,aa: 36" CABLE)
ZN33 2590 010 054 | MALE-FEMALE 1013
IN44T/8/9 PO | cpysacs 10 055 " CABLE)
UPDT002 435 | gz 200 013 088 (‘AA.E EAE‘;:‘%)ED 583
FLOPPY DISC e jists7alpr g 084 | Females 625
CONTROLLERS 24576MHZ osg | ENDED (18"
“FDITTY 1712 ABLE)
Data sheets available on asterisked items Please telephone for prices and details. '
24 Howr Telephone order service for credit card holders.
vIisA All prices exclude VAT and carriage {0.75 on orders under £10 nett)
Official orders from educational and government establishments, and
public companiesjaccepted. Credit accounts avallable to others (subject to status).
All orders despatched on day of receipt Out of stock items will follow on automatically at our

discretion or a refund will be wen if req uesled
NO SURCHARGE FOR CREDIT

MIDWICH COMPUTER CO LTD

Dept PE, Rickinghall House, Rickinghall, Suffolk IP22 1HH
Telephone {0379) DISS 898751

Please make a note of our new address
& telephone number
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I N D Ex T CONNECTOR SYSTEMS
1.D. CONNECTORS D-CONNECTORS DiL RIBBON
) {Spesdblock Type) 9 way IS way25 way 37 wey HEADER PLUGS| CABLE
No. of Header Recep- Edge ALE Solder 10C {Grey)
ways Plug tacle Conn|Solder 90p |30p 160p 250p typo type |10 way 50{,
10 90p 90p 200pfAngled 160p 230p 2659 42504 pin 40p 100p |14 way 80p
20 185 125 24Qp FEMALE Gpin 50p 110p zg ey ggn
) 26 175 150p 300pfSoider 1105 1605 2105 350ppa gin 100p 150p {28 wey 1400
A.D.Electronics .. .. .. .. e ae e 80 34 200p 160p 380p|angled 175p 240p 310p 500p 0 pin 200p 225 |34 way 2200
Ambit International ., .. PO 4™ 1 o~ e 69 40 220p 190p 550p|Hood 95p 950 950 125p 40 way 265p
50 235p 200p 600p{ 38 way Centronix Type Conn.£5.50 50 way 330p
Barrie Electronics .. - » - - - o - - 68 25 way 1EEE Type Conn. £5.50 64 way 370p
gﬁf:l;Tan Instruments‘ oo B - - :ég JUMPER EURO EDGE
Dlogketeriimeoh 1. | o U e miUECEEC WD 10 LEADS CONNECTORS CONNECTORS
Bradley Marshalls .. = WL e 78 24" Ribbon Cable with headers (Indirect Edgs Conn.) 04" 0.156"
British National Radlo & Efectronics School .. .. v - e 7 14 pin 16 pin 24 pin 40 pin|OIN STD Plug Skt |2x18way — 140p
Brystep Elec. .. e N . » 76 lend 145 165p 240p 380p|41817 21 way  170p 170p}2x22 way 200p 170p
Bull, J. BB 11 e PR Zends 210p 230p 345p 540p (4161731 way ~180p 180pI2x23way 210p —
24" Ribbon Cable with sockets  |41812 2x32 way 250p 320p|2x25 way 225p 220p
C.R. SupplyCo. .. .. .. .. .. .. o 76 20pin 26 pin 34 pin 40 pin|Angled 2x32 way 325p 375p|1x43 way 260p —
CambridgeKits  _. .. .. .. .. .. .. ... 77 lend 160p 210p 270p 300p 81612 3x32 way 275p 380p|2x43 way 395p —
Cambridge Learning P - = T oo 38 2ends 290p 385p 490p 540p fAngled IxI2way —  400p|2x50 way — —
Clef Products — . i . n 2 . o 74 24" Ribbon Cable with O Conn.  12x32 way I0C a+c 525p{1x77way 700p —
Cricklewood Electronics *.. .. .. .. .. .. .. .. 12,13 25 way Male 500p Female 550p. | llor 2x32 way specty s+b or aee)  JS100 Conn  —
Crofton Electronics e » ne oo 7 ¥ R . 72
Centurion Alarms .. qB a6 0o o B B o 04 77 * SPEC|AL OFFER *
Dataman Designs .. .. - - o .. A . . 72 1 1-24 25-99 1-24
2114L-450 90p 85p 2732 375p
Electrovalue a0 e > A% bo .. od o= od 6
Enfield Electronlcs 14 & Lo .. .. o .. » N, 78 4164-2 450p 430p 4116-200 90p
Evans D.C. . . b " . L . - .. = 76 2716 (-5V) 260p 225p 6116-150 410p
Flight Electronics b po no i oo = od 2 65 2532 376p 360p 6522 310p
OFFICIAL DEALER
Hall, A o N 0o . . o e - od oq 7 f
e IR .~ | BBC Model ‘A’ £299 (inc. VAT) Model ‘B’ £399 (inc. VAT)
Heathkit . . A B - o L .. 4 (Carr. £8/unit)
Hunter Electronics .. - e . vE 5s a o - 72 MEMORY PACK PRINTER & USER PORTS
JCS-Intertext .. | ] B - B . N i . 73 8 x 4816 AP-3 100nS £21.60 ICS 69,70, 71, PL 9, 10 £9.50
ERE . 0 R 7 PRINTER'LEAD COMPLETE £13.50
. ANALOGUE PORT F.0. PORT AS423 & VDU PORTS
Jupiter Cantab N B & .. . Ba o od o3 19
Tl 172, PL6 £7.30 IC 7788 PLB £70 IC74,75SK3 6 4 £10.80
Lawler, A. J. .. . a0 Ko 85 0o oo - o 0d 77 Full Range of Acornsoft in stock.
ALL MATING CONNECTORS & CABLES AVAILABLE SEND FOR OUR BBC LIST
Maptin Electronics .. Lo A4 .. = aa o pys .. Cover 4
Marco Trading 5 . bo - . I 0q ol 79 PRINTERS
Mercia Electronics .. o6 . bo i .. = o i 73 NEC PC 8023 BE
M?'r"“w”""cr lSystems £ oo SCEEEEN-CEESSERE RMQL - ;’g 80 col. 100 cps dot matrix printer. Bi-directional, Logic Seeking, Forward &
M;gwoichuéoc:'\puters“ . . R 79 Reversg Lma Fead Hi Res & Blocl( Graplncs Propumunal Spacmg, International
Modern Book Co. .. A et oo 20 oo 0o od 2o 56 2 e Fri
Myers, Gerald - .. L. - oo . = - I | - 76 EPSON MX80 F/IT 3 and EPSON MX‘IOO FIT3
. Dot matrix printers. Bi directional, Logic Seeking, Auto Underline, Bit Image
e R T R | 1 - | Printing, Super & Sub-scripts. 80 col. 8 cps £330 + £8 carr. 136 col. 100 cps
Phonosbnics b . 4 oo 0o - - - . 72 £430 + £10 carr.
Pimac Systems . * o . . -, - . 73 SEIKOSHA GP100A
l;owenra'? glybernetlcs 8 [ ac = N LA o C°"e'6; 80 col. 30 cps dot matrix printer. High Res Graphics — Std & double width
Blerfilioieations < characters. £185 + £6 carr.
Radio Component Specualms L. .. 00 od o B .. 12
Radio & T.V. Components . = ba . og o o] .. 6 ACORN ATOM MONITORS
Rapid Electronics .. .. .. .. .. ..o 14 BASIC BUILT BMC 12" GREEN SCREEN
Response Co. P - 55 oo R 76 8K + 2K £135 18MHz BANDWIDTH
Riscomp Ltd. .. .. . . .. . .. . = ol 56 EXPANDED £99 + £6 carr.
12K + 2K £175 BMC 14” COLOUR MONITOR
Scientific Wire Co. .. o £ 43 0o od oo P = n 8K + 5K + COLOUR £169 {25 x 40 chars.) RGB input
Service Trading oo oo N oo B - i ) o4 a0 70 Warr. £3 unit) £240 + €6 carr.
Sinclair Research .. 90 oo e da o == X . 8,9
Swanley Electronics B i . ad - . 53 3! 10
. : T SOFTY  EPROM PROGRAMMER
Tempus i o o 37 The complete microprocessor development system for both Engineers and Hobbyists. You can
T.K. Electronlcs . .. - - - od 0 d A - 1" develop programs, debug, verily and commit them to EPROMs. Will accept most « 5V EPROMs.
i Can also be used as 1 ROMULATOR. Full review in September B1 PE. Built unit complete with
Videotone Lo 6o Lo e o0 S o 60 0o . 74 PSU and TV lead £169.
Watford Electronics Lo e e e ol < 4 . . 2,3
Wilmslow Audio 5 X og - . - -, ) .. 68,79 M|CROT|MER

8502 Based Programmable clock timer with
* 224 switching times/week cycle

% 24 hour 7 day timer

% 4 independent switch outputs directly intartacing te thyristor/triscs
% 4 digit 7 seq. displey to indicate res| time, ON/GFF and Reset times
% Output to drive day of week switch and status LEDS.

Full deteis on request Price for kit £67.00

RUGBY ATOMIC CLOCK

This Z-80 micro controllad clock/celandsr receives codad tima deta from NPL Augby. The clock never needs to be reset. The
facilities incluge 8 indepandent slarms and for each alarm thare is » choica of melody or alternatively these can be used for
electrical switching. A separats timer sllows recording of up to 240 lap times without interrupting the count. Expension
tacilities provided
See July/August ETI for details. Complete kit £120 + £2 p. & p

8V PSU

3A 5V Regulated Power Supply Fully Cased Complete with mains fuse. £26 + £2p. & p.

PLEASE ADD 40p p&p & 15% VAT

{Export no VAT p&p at Cost)
Orders from Government Depts, & Colleges etc. welcome

DIY KITS N BITS

PROFESSIONAL EQUIPMENT AT DISCOUNT PRICES!

@ CONTROL PANELS £18, £23 £29, £37 @ BELL BOXES £6.25, £7.50 ®
® PRESSURE PADS £1.06, £1.45, £1.95 @ 4 CORE CABLE (100m) £8.00 @
@ SIRENS £7.50 @ CONTACTS 72p, 74p, 76p @ ULTRASONICS £34.50 @
& DOORPHONES £49.42 @
BUY A KiT OR DESIGN YOUR OWN SYSTEM
SEND S.AE. OR 'PHONE NOW FOR FREE FULLY ILLUSTRATED CATALOGUE.
IT TELLS YOU ALL YOU NEED TO KNOW!
E CARRIAGE INCLUDED. VAT EXTRA 15%
Please allow 14 days for delivery.
A.D. ELECTRONICS. 217 WARBECK MOOR, AINTREE, LIVERPCOL LO OHU, 051 523 8440

BARCLAYCARD & ACCESS CARDS ACCEPTED
Detailed Price List on request.
Stock items are normally by return of post.

Published approximately on the 15th of each month by IPC Magazines Ltd., Westover House, West Quay Road, Poole, Dorset BH15 1JG. Printed in England by Chapel River Press, Andover, Hants. Sole Agents for

Australia and New Zealand — Gordon & Gotch (A/sia) Ltd.; South Africa — Central News Agency Ltd.

80 Subscriptions INLAND and OVERSEAS £13-00 payable to IPC Services, Oakfield House, Perrymount Road, Haywards Heath, Sussex.
Practical Electronics is sold subjecl 10 the following conditions, namely, that it shall not, without the written consent of the Publishers first given, be lent, resold, hired out or otherwise disposed of by way of Trade st more
than the recommended selling price shown on the cover, ard that it shall not be lent, resold or hired out or otherwise disposed of in a mutilated condition or in any unauthorised cover by way of Trade. or affixad to or as
part of any publication or advertising, literary or pictorial matter whatsocver.




74298 100p 41 S365A 27p
30p |74LS367A 27p
74LS368A 27p
7415373
7415374
7418375
7418377

[T] LINEAR I.Cs

| M51513L

CA3090AQ
CA3130€E
CA3140E

SAD1024A
SFF96364
SL490
SN76477
S5N76488
SP8515
TA7120
TA7204
TA7205
TA7222
TA7310
TBAB21AX1
TBAG418X1
TBABOOQ
TBABIO
TBAB20

UPC1156H
XR2206
ZNA234
ZN414
ZN419C
ZN424E
ZN425E
ZN427E

COMPUTER COMPONENT

ZBOADMA £10
Z80S10-0/1/2 €9

CONTROLLER
CRT6545
CRT5027
CRT5037 £18

EF9365 £45

EF9366 £48 | AD558

MC6845 ADS561J
AM25510

Np PR
S

NBWN=hL

Qoo

MC14411
MC14412
ULN2003A
75107
75110/12
75114/15
75121/22
75150P
75154
75182
75324

mbmmmm?w\lhw—aun;

>

ROMs/PROMs EEYPL

745188

745573 900p

2516 (+5V)
2532
2564

250p [I2
380 FLs
2708 250p
2716 (+5V) 250p
2732 450p
2716 (350ns) 500p
2732 (300ns} 750p
TMS2716 50p

FD1793

TR1602

lNTERFACE ICs ! CRYSTA

32-768KHz

-5MHz 4
1.8432MHz
2. OOMHz

00p-
38-6667MHz 175p
48.0MHz  175p:

55-5MHz 400p
116MHz 300p:
145.80MHz 250p:

KEYBOARD
ENCODER
AY-5-2376 700p
74922 420p
74C923 500
\MODU\LAT ORS

BM s
8htis UMF 450p

BAUD RATE
ENERATOR

i
| COMBI 16 7000
47028 750p

TELETEXT
DECODER |
AAS020
SAA5030
SAA5041
SAAB050

MM58174  850p
‘MCME6760 700p

lzN4a28E WIRE WRAP SOCKETS BY TEXAS

40p

74181 115p
4182 60p
74184A SOp
74185
74186
74188
74190

TECHNOMATIC LTD.

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED
SHOPS AT: 17 BURNLEY ROAD, LONDON NW10

6p
741S164A -wp
74LS165A 50p
7415166 60p
7415170 70p
74LS173A 55p

74LS17 7
74LS175
7415181

|7ac928

90p
180p
160p
150p
[: 5131 4000 CMOS
60P 4000 CMOS
4000 10p
74L5356 450;1 4001 10p
7415363 140p | 4002 12p

sop 1330
40p

» DispLavs 1
3015F P

7415364 140p| 4006

o
‘ZN1034E
iZN1040E

1A

5V 1A

12V 1A

15V 1A

18V 1A
24V 1A

5V 100mA 78L0O5 30p
12V 100mA 78L12 30p
16V 100mA 78L15 30p
0 R R

p 78HGKC
M317K 325p 78HO5KC
LM317T 1A Adj 200p 78MGT2C
225p 78GUIC
tM323K 3A 5V 250p 79GUIC
LM723 150mA Ad] 37p 79HGKC
TL494 L1497
78540

LMOKA

300p LM305H

180p
RP12  120p

5,
5: QPTO. ISOLATORS
p

MCT25 10
MCs2400 190p
La7a

TIL220 Red
TiL222 Gr
TIL228 Yel
Rectangular

TIL32 55p
TIL209 Red 10p
TIL211 Gr 12p
TI212Ye 15p
TIL216 Red 18p  NSB5881
TIL311

DL704 140p
DL707 Red140p 7750/60
FND357 1

9

9370
UDN6118
UDNG184

MAN4640 200p

(Tel: 01-452 1500, 01-450 6597. Telex: 922800)
305, EDGWARE ROAD, LONDON W2

4 pi i
VDLTAGE REGULATORS 16 pi 40p 22 pin
FIXED SLASTIC TRANSISTORS BU108 250p
a0 ; 61/ BU10!
80126

LEDs (R, G, Y)
6

25p 18 pin 50p 24 pin
35p 20 pin 60p 28 pin
65p 40 pin

70p} 8 pin
80p| 14 pin
100p| 16 pin

9p 18 pin
10p 20 pin
11p 22 pin

22p 40 pin  30p

225p
150p
120p
2

MPF103/4
MPF105 3
MPSAQ6
MPSA12
MPSA13
MPSA20
MPSA42
MPSA43
MPSAS56
MPSA70
MPSUOQ6
MPSU07

BFY50
8FY51/2 2
BFY56  33p
BFY90

BRY39  45p
BSX19/20 24p
BU104 225p
BU105 190p

2N706A  30p |
2N708 30p

2ZN918  45p
2N930 18p
2N1131/2 36p
2ZN1613  25p
2N1711 25p
2N2102 70p
2N2160 350p

25p

25p

25p

[SININTS)
2Z2ZZ2222Z2Z2Z2ZZ22
o

708/9 12p
2N3773 300p
2N3819  25p
2N3820 40p
2N3823
2N3866
2N3902 7
2N3903/4
2N3905/6
2N4037
2N4123/4
2N4125/6
2N4401/3

2N6027

2N6052 300p
2N6059
2N6107
2N6247

40871/2

DIODES
BY127  12p

AST7 8p
0A90/91  9p
0A200 9

1N5401/3
1N5404/7
18920

DGE
RECTIHERS

1A 100V 200
1A 400V 25p

1A 600V 30p
30p
35p|

60p!

72p

95p

4A 400V100p)
6A 50V 80p|
6A 100V100p
6A 400V 120p
104 400V200p
25A 400V400p

60p
70p
88p
75p
95p
85p
12A 500V 105p
16A 400V110p
16A 500V 130p)
T2800D 130p

12A 400V 160p
16A 100V 180p
16A 400V 180p
C106D 45p
36p

27p

130p

180p

30p,

2N5064 35p
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KEYB(E)ARD KIT WITH ELECTRONICS FOR ZX81

* A full size, full travel 43-key keyboard that's simple ta add to your ZX81 {no soldering in ZX81).

* Complete with the electronics to make “Shift Lock", “Function” and “Graphics 2" single key selections making entry far easier.
* Powered from ZX81's own standard power supply - with special adaptor supplied.

* Two-colour print for key caps.

* Amating low price.

Full details in our projects bock. Price 60p. Order As XAO3D.

Complete kit (does not include case) for only £19.95 incl. VAT and carriage. Order As LW72P.

(Case-order as XG17T Price £4.95)  {Ready-built in case -order as XG22Y Price £29.95)

}J. &A:AT"NEE ORGAN_-_-_ s
'I < ":"-Jt;:g;;d, Super Specificatipp,
‘_l'l]p to £1 g W t)crg::tfuse{ling fco.r
U’;;r&o;ﬁg;(ce e clion details
Complete kits avéilable:

lectronies
Cabinet - £299_95_

ET AMPLIFIER R Dma

kably low price.

£! .
- = = se::-sq (cariage extra
25W STEREO MOSF price £1.99 OrderAsX)(dJW

A superb new amplifier at a remar

0 8 at 1kHz both channels driven.
o 40kHz +1dB.
nd high reliability power MOSFET

Six independent channels=2 or 4 wire
operation. External horn. High degree
of protection and long term reliability.
Full details in our projects book.

Price 60p.

Order As XAQ2C.

*% Qver 26W per channel int
* Frequency response 2("JHzt
»* Low distortion, low noise @
B i i hing fits on main pcb,
1o build. Almost everything fi “
1 Eﬁimﬁm?ﬁnng to just 7 wires {plus toroidal transformer
d mains lead terminations). ' . ‘ _
* Er:)mplete kit contains ev‘ervthmg you needb!n;{udnng pre
drilled and printed chassis and wooden cabinet.

Full details in our projects book. Price 80p. ‘
nly £49.95 incl. VAT and carriage.

Order As XAO30 Mabpii
plin launch
LW71IN Nches MAP
QOrder As New way of buymg frolt Mapint CARD [~
- Now Maplin have the; .
eir g 2TE Ly
You could haye one tooluwn credit card - )

MAPLIN’S FANTASTIC PROJECTS APPLV/VOW, o W
Full details in our project books only 60p each.

In Book 1 (XAO1B) 120W rms MOSFET Combo-Amplifier + Universal Timer with 18
program times and 4 outputs - Temperature Gauge - Six Vero Projects

In Book 2 (XA02C) Home Security System - Train Controller for 14 trains on one circuit -
Stopwatch with multiple modes - Miles-per-Gallon Meter

Complete kit for 0

Write to gur Raylei
yleigh address for detai i
tails or pick up a leaflet |
et in our shops,

In Book 3 (XAD3D) ZX81 Keyboard with electronics - Stereo 25W MOSFET Amplifier - NEW SHOP IN BIRMINGHAM ..~

Doppler Radar Intruder Detector + Remote Control for Train Controller Visit ‘.’Ut’ brand nefw ISh‘:P in Birmingham for UdU’ Tl ¥ N

In Book 4 (XAD4E)* Telephone Exchange expandable up to 32 extensions - Ultrasonic Eg::slje';;ange ) e S i'_j}ﬂ@mﬂﬂ -1
Intruder Detector - Frequency Counter 100Hz 1o 500MHz - Remote Control for 25W Stereo j e

Come and see us at Lynton Square, Perry

Ampiiier Bari, Birmingham (ust off the junction of th
“Projects for book 4 were in an advanced state at the time of writing, but contents may change prior to na"' Rl-"mR g da A 4(]0u20 o d Be- ]u':lf :gnnu d £
publication (due 14th Aug 1982, uter Ring Roa i) SN it
A34). Tel: 021-356-7292. Excellent free
parking.
MAPLIN'S - =
Over 350 pages ”ac':'eﬁ\v’v\i{anm EATALOGUE
i o and pict
y ;nd including over 1000 new items. Pictures and af) completely reviseq |
" sale in all branches gf Wiy«
) es of WHS.\HTH@ from November 19th
Price £1.25 -
] . L Post this coupon now!
—e - Ptease send me a copy of your 1983 catalogue as soon as it is available {at -
- the end of November). | enclose £1.50 (inc p&p). If | am not completely
| satisfied | may return the catalogue to you and have my money refunded.
ngl’CJLF:EOSNII.$D If you live outside the U.K. send £1.90 or 10 International Reply Coupans. i l

All maif to: "
P.O. Box 3, Rayleigh, Essex $S6 8LR Name —
Tel: Sales {(0702) 552911 General (0702) 554155
Shops at: | Address

159 King St., Hammersmith, London W6. Tel: 01-748 092€
284 London Rd., Westcliff-on-Sea, Essex. Tel: (0702} 554000
Lynton Square, Perry Barr, Birmingham. Tel- {021) 356 7292 PE.11.82

Note: Shops closed Mondays T T T T 1] X ) i

o




