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Star sounds x «
Star quality - «
Star features

Free
SECURICCR
DELIVESXY
on al orders over
£100 (UK maimland
only} Addjust £2.50
o1 lower prce
orders

DIID Sareeshixer

The kit is well within the
scope of the first time
builder — buy it, build it
— play it! You will know

(390 Steren Mixer — this is a really
versatite new mixer that enables the
constructer DJ to preduce a groies-
sonal percrmance every time. There
are two stereo inputs ler magnetic cart-
ridges. a slereo auxil ary input andrike
input. Other ‘plus’ features are auto-
panning for fast or s ow slider cartols,
rouiti-mixing, duckirg, interrupt, mput
modulation, in short everything . .. the
whole works — AND —under £100complete! Completekit £97.50 + VAT

choice.
Complete kit £165.00 + VAT

SALES
COUNTER
Collect your order
from the factory.

Open 9--2/1-4.30
Mon-Thurs. Easy
parking, no
waiing

This varsaie modular mixer. feat.r2d as a construcior al article in P-zctical Electronizs
c@n te bultup to a mazimum of 24 nputs. 4 outp._ts znc an auxiliary ctannel. Each input
cannel &5 Mic and _ine inputs, »ariable Jain kass and treble cortrols and a para-
metric miccle frequer ey equalizer There ane send anc return jacks. auxiliary, pan aid
fader contols and outy ut and graug switching. The cutput channels have PPM displays
and rscord and studid outputs. The auxiliary charme zlsohas aPPMd splay andthere is
& heedphcre morito-jack and a blt-in talk-back mcrophone. The m xer modules plug
into tase urits eash M whichtakes Jpto6 channels. Toeliminate hum the power supply
ie i1 2 seperate cabret.

KIT PRICES .
{aput chaanet £°3.90 Eese o1 aad wooden fiont  £27.50 Free soldgrlng
Guiput cannel £ 3.50 Feir 0 mahdgany end cieeks £12.50 Practise Kit on
#£uxiliary ctannel £2250 Fcwer Suprly and cabine £19.50 request with your
Elenk Pard £3.00 first kit — usefut
All pric2s are VAT exclusive tips, well
illustrated.

TRANSCNDENT POLYSYNTH — A fo.r 92rave poly-
paoniz syrthesise with outsta~ding design creracteristics
and versatility anc cerformarc=2 to match.
Completz kit £27£.00 plus VAT (single vsice)
Ext-a voice (up to t-ree-more. £42.00 clus VAT

the first

system

sirobe

Component
packs for most
kits a-e available
See our great free
catalogue, full
details of alt
our range
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TRANSCENDENT 2000 — Aithaugh only
T a 3 octave keyboard the ‘2000" features

the same design ingenuity, careful
engineering and quality com-
ponents of its larger brethren.

you have made the right

<rme Eulder. Complete kit £4€.90 - VAT.
Chromzn-que 5000 a 5 chanrei lighting
=o-ve fi) enough for professiona disCos:
yet conra ak-etor home-eftects Sound to hight,

eftects — 2acr channel can handie up 13 500W
yet mimmat vring is needed wih wur Lnique
single ke d design. Complete ki £43.50 + VAT

BIG NEWS
ABOUT OUR
LATEST
ADVANCES IN

ROBOTICS
SEE INSIDE
BACK COVER

%* %

Digital Delay Line — With its ability to give
delay times from 1.6 mSecs to up to 1.€
secs. Many powerful effects including
ohasing, flangine, A.D.T,, chorus, echo &

vikrato are obzained The basic kit is £x
tended in 400 mS steps up to 1.6 secs
S mply by adding mare parts to the PCB.
Zompare withunitscostingover £1,000

Complete Fit (400 mS delay)
£130 + VAT

Parts for extra 400 mS delay
£9.50 + VAT

MPA 200 — s a low orice,
high power 100w arpiiter.
its smart styling. drofes-
sional appearancs and per-
formance. makei on3ofour |§
most popular desigrs With
adaptable inputs the mixer
accepts a ver ety ot sources
yet straightforward con-
struction makes 1t ideal for

v mesc level, random or sequentiat

ETI VOCODER — 13 channele
each with mdependest levaicon
trol, for mawmur ve-satilty ans
ntelligibility: Twoinput a mplifier
— for speech/2xcitation — ezcy
with level contici axd tone cen'rol.
The Vocoder 1s 2 powerul ye fieXible
machine that 1s interesting to build and
thanks to our easy to *ollow canstruction
manual, 1s within the cepabiiity o' most enthu-
siasts Complete kit £175.00 + JA™

SP2 200 twice the Jower witk tao of the reliable,

durable and ecenom ¢ amps frcm -he MPA 200 fed by
separate power supalies from 3 common torodal trans-
tormer. Superb tirishiand qualit components throughout

up to {even over) the standard of hgh prices factory-buit units!
Complete kit £64.90 + VAT
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vQ Board 180 JECTORS 'PANEL RELAYS
SWITCHES TaCoWIICHES B DIP Board x Pe gno:: Fomale Female ans Miniature, enclosed, PCB mount.
TOGGLE: 2A.250V.  [SPST) 4 way 70p; 6 way 85p; clad plain | yeso Sir 374 B L | Cordl FSD INGLE POLE Charngeover
S 1 Ve e with latct SING ng
S N A T T | e | AR GEITEC v o
i 3 i - at or
UB-MIN TOGGLE | ROTARY SWITCHES: 3% x 3% 100p - | PROTO DECs 10 way Wp o p 120p o-loo':A 19.5V). 10 1
Sorimlor sy | ansubeSonee Bl M | dues  @liew R on (oo BOLBLE [ | Sumousar a4
o 1 :2p/2t i &
S e d Sooiel2tohmar) 452102 mar! 45p TN i % Euchasdbord EMD | 0w o AR Bl 200 0-5maA RLEC100 530 Coi, 6V DC (5v4 oo
k b t. of pins | Bimi 576p way 0-10mA
SPDT bissed both | ROTARY: Mains DP 250 4 Amp Spotface cutier 1600 | ‘Supererp SS2  1300n | oyl 2mn 200 130 3400 Ozi0mA e o By e o
;;651 Thase 175: on/off Pininsertion tool 185p 50 way %p IM0p 200p Zggg 0-100mA 1 196p
DPDT centre off ROTARY: {Mak-a-switch) DALO ETCH 60 way - - 0-500mA RLE-114 7400 Coil, 24V DC (22V to
DPDT biased both | Make a muitway switch. Shafting as- VERO] WIRING 340p | | RESIST PEN - o v 200p
145p | sembly has adjustable stop. Accom- spooal | Pus spare tip =
;PBST 3 positions. modates up to 6 wafers Spare spool oo v EURO cgg"ﬁmﬂiﬁ};?ﬁi Plug 8—%8\6 - E?E',Z';E\I'v“fyl PLUGS =
on/onfon 185p | (max. 6 pole/12 way + DP switch}. Combe 8p Str. Angle Stn. Angle e Centronics paraliel 36 Way solder 530
3pole2way 205D | Mechanism only uL ic : Pins P Pins Pins | 0o Centronics Parallel 36 Way IDC 496
SLIDE 250V: WAFERS: imeke before break) to fit {| FERRIC CHLORIDE TRANSDUCER DINA1617 g Cantronics 36 Way IDC Female  520p
DPDT1A  14p | the above switch mechanism. 1 1b bag Anhydrous 40KHz 325 pr 31 way mp - 75 «25p esch
DPDT 1A c/off  15p | Y pole/12 way; 2 pale/6 way: 3 pole/d | 195p + 50p P&P DINA1612 = | BUZZERS, ministure. solid-state
DPOT 2A 13 | way: 4 pole/3 way; 6-/2 way 86p 2x32A+B  Zbp 32W0p Np 2Wp CRYSTALS VIOV & 1'3\/ 700
Mains DP 4A Switch to fit & | COPPER CLAD BOARDS DIN41612 32.768KHz 100 CERS
n Spacers 4p. Scrasn 8p Fibre Single- Dgugle' SRBP 2 x?‘zla;:(‘: 32&p 340p 240p 300p 100KHz 7% :L%%TRANSDU ER: o
PUSHBUTTON 6. . glass sided side 95 x 85 DIN: x 200KH: 208
’ ROCKER: 5A/250V SPST 28p lass 2
w'mT‘?T:‘Bu“o& ROCKER: 10A/250V SPDT ap [ pox0 1:33 :;g: e Avere s Gl n | Loubseeakens
SPOT Iataning 1483 | ROCKER. 10A/250v DPOT /ot %p Mz il Iy
SPDTmoment 98p | ROCKER 10A/250V DPSTwithneon [ " o re O DILPLUG (Headerl | pionon capie | 128MMz 382 | 2in. 3gin, 24, 3in 0p
DPDT moment 145p " Soider 1DC Y 1.6MHz 396 2}in 400, 640 or 800 0p
THUMBWHEEL Mini front mounnngmp Lov: “v’a,. ) 1];: i aaer 10¢ i wéog‘ (o 5
Mini Non Locking Decade Switch Module Prof rap 2x16 way — Grey Color d
PushtoMake 18p @ .C.D. Switch Module 78 Son 8 B | 2x18 wrylip Mep | 6ne : }“7‘:2 Wwsy Yoo Zp | 1B432M 20 | AgTEC UHFMODULATORS
PushtoBreak 259  Mounting Cheoks (por pair) e Yo o %o | 7x22 wayllp20p | 2dbin 0y Zop | 16weyZp  Mp | 2OMHMz 2| Standerd 6MHz e
= o e pEmiEs | e smE m| ih | =
X way - 9
JUMPER LEADS (Ribbon Cable Assembly) 20pn  20p 80p | 228 wey 190p — Jdway 60p Bp | 3.5794M
(] Length '.n 16 :m 24 pin 4‘6 pin 22pin  22p 66p 2 %30 way 245p — :';&It'n Wway Wp  Wp 3.8!:‘6:M g ' 'WEMON' New Version
PROJECTS Single ended DIP (Header Plug} .éumper e ggpm z 2 gxgg way gggg = 2400 STp 5017ay 100p 136p ‘-032’;'“ 20 WATFORD'S
We stock 24 h P 40p pin x40 way = ™
most of mc[):jble ended DIP (Header Plug) Jumper 40pin  30p 9y gx;g wey gggg - 33;’: % :!‘ig:ﬂ;;: " gg Uttimate M;:nov Ic
the parts 6 inch 186p 465p x 75 way - i A 4K Monitor specislly designed
12 inches 198p 215p 3159 490p ;-3:‘331‘9'4 :2 1o produce _th your:
24 inches 210p gg 346p &9 ANTEX SOLDERING IRO;“sn st o g 5.185MHz 300 gupe'boud mol‘ E:\lll w&-hmo::
36 inches 230p Irsp P 485p W D CTOR! g uperboard reviewed
I‘l;‘(ci Female Header Socket Jumper Leads 24" &:‘,3":’5w 486p cx25w 510p wn ; 2(2]:‘2:5“ m Dr A. A. Berk in Practical Electronics,
20 pin 26 pin 34 pin 40 PN | Grare tips, assorted sizes 65p 0»2‘ pitch § way 15 way 25 way 37 way & 144MHz 180 |  Juns 1981,
Single ended 160p 200p 260p  300p | 5o clements 210p 0 way Mabe 8 Jaamua e Only £10
Double ended 370p  480p  525p | |ron Stand with sponge 165p Solder lugs %p "ﬁv lop =0 7.0MHz wo|
o im e M | Il6MM 20 BBC MICRO
TRANSFORMERS: VOLTAGE REGULATORS lsOLDERCON PINS  FC82F Jemn. 20! AND UPGRADE KITS
30-3v; 806V, 909V, 12012V, 150-15V 1A TEZVZ'O deal for making SIL sdd-.::- g g:z g z a_mggm % {Our BBC Micro Upgrade Kits will
S:b?nown . Miniature, Spiit Bobbi sV 7805 40p 733: :: ?'mo:)'iu .socm. g pcl B" |:: 12 2;: Aoz; g;%{m:" ® | sac Miz?;e you £sss . . .)
7812 7 5 { ¥
VT a e o ZAV.0.154. mavo sz EVIE - R4 600 pins 300 | 1007 way D Prg B6e; Sacket &0 o 3| ModetA £299
SVA: 2.6V-0.5A; 2X9V-0.3A; 2x12vo.§;&; ovagale 3: HE =2 ALUM BOXES wr & Model B o £3|!~|39
2x1BV:0.24 3x2x1° - ONHz Our BBC Micro Uparade Kits wi
Standard Split Bobbin ty 794 & Ao =5 | 25 way D' CONNECTOR (RS222) 262em 300 | ! € Micro Upsrade IS
. 100mA TO92 Plastic package o Jumpe Lead Cabie Assembiy 14.31814M 170
ggvozgxo 5A; 2xsvo 4A;  2x12V0.3A; sV 78L05 p 7905  @0p ::fxng) :& 18” long, Single end, Male 18.0MHz 200 | 16K Memory (8 x 4816P} EGE;S
TN BB W s OO | Y T ™ Saaf | REURETLIUM | ot R P Usr/OPori £
x x Sx4x 1y - long. Double Ended, F/F 1060 - C !

2%p 35p pop) | 12V 78L12 Wp  79L12  eOp 5x4x2}-  120p | 36]long. Dou i 200MHz 20 | niccinterface Kit £65
24VA:  2x6V-1.5A; 2x9V-1.2A: 2x12V-1A; 15V 78L15 30p 78L15 80p §x2x 3. 30p 36” long, Doubel Ended, M/F 996p ;9 9&48:'“‘ :% Analogue 1/0 Kit £6.45
2x15V-0.8A; 2x20V-0.6A 330 160p 0BDI | | Maoom 170p  TAAS50 60p | §x2§x2}"  130p L e a1 Serial /0 Kit £6.70
BOVA: 2x6V4A; 2x0V.2.5A; 2x12V-2A; Tx1BY. LM304H 170p TDA1412 150p | 6x4x2 120p 24,9300 sEl SerallOKI fe.10
1.5A; 2x20V-1.2A; 2x25V-1A; 2x30V-0.8A LM305H 140p 7BHOS +5V/5A 680p | 6x4x3° 160p 26 190 | Expa on Bk o
Specily wound for Muliai Computer By | LMG0OK Moo TBMI2 +12VISA_ | 7x5x3: e | o GPECIAL OFFER ® | J%M Comalete Upgra e

17K - L
TN A VIS vy 57+5:5(Y50p;£57:i D17k g HLO eBI® *52:"( ooeer g 4‘5&, 3535: I oueeIM 17! We supply complete range orf‘ BB|C
3 a60p SA x7x 2764 - ipherals,
100VA:  2x12V-4A; 2x15V-3A; 2x20V-2.5A; txg%%" 1MBp  79HG +2.25V1024V | 12xEx 3" 260p 100.0MHz g 3 ZIUfQS. SrgczfclsrsL::gs's A"é“’for’ et
gg:vhi:u 2-:;41v1 5A; ZxSO\QIA 20p (76p | \M723 Var Mo 5A o86p | 12x8x3" 260 116.0MHz oftwa .
4 ge to added over and above our nor-
mal postai charge).
- 9Pio COMPUTER CORNER B RTER
e P AP T £ LECTRONICS © MX80FT/3 EPSON PRINTER 10" & Friction feed, 9x 9 matrix NEC PC8023BE-C
o Wl s w3 i s | LEDs wih Cies 10 80 column, Speed 80CPS, Bidirectional, Centronics Interface Europe’s mast popullkr Pms'(t)o{;olumn
4002 1z | 4078 16 448 40 " standard, Baud-rate 110-9600 (BS232, Hi-Res, Bit Image 100CPS bi- dlrecnonald L:)glc e -er:%m i
4008 50 | 4081 B i raphics, Subscript & Superscript, Underlining facility plus 7x9 Dot matrix head, true
4007 n | g 4553 245 2 goo sheets of paper FREE £324 + £7 carr case, Superscript & Subscript & Underlining facf::elt‘y,
5 4554 190 e e S -2
oy R | wse et W 14 | | ® MX100 EPSON Printer. 136 Column, 157 carriage, plus all the $'°D°f“°":"'lcs‘°m°rf'{;ga AT 35X graphics. Auto
4010 a4 | 4089 128 388 F | 02-8icoow features of MXBOFT/3. Plus FREE 500 shoetsgf ra% R u’r‘z;c;mf Pris FHEE 500 shoots of Paper.
4011 10 ; © nly carr.
e R asss 1 | fRediGreen ice: + £7 carr.
:gg ;1.) 4095 % | 4559 296 g’;."‘.r/:mr ™ | e SOFTY 1. An intelligent Eprom Programmer and Emulator. Price: Only £320
4014 4 :ggg g 4560 180 | D2 A ow 86 Accepts a 24 pin 5V Eprom. Has Memory Map TV Display. R5232
e 3l ass | 41 10| iBrighmessRed 8 and Centronics I/P & O/P. Copies, Emulates and programs.
£}§ g 4099 110 2§§§ 186 Flashing red R RS 232 and centronics routines standard. PSU included. ... £169
s & Ne B B0 QR e Rea. ® TEX EPROM ERASER Erases up 10 32 ICs in 15-30 minutes. £33 | MONITORS
w3 o | 462w | 8 R | Green, velow . | @ TEXEPROM ERASER with a safety switch . @ MICROVITEC 1431. 14" Colour Monitor. RGB
) R we m G s Recuangle  Stacksble’ | @ TEX EPROM ERASER plus our Solid St input (as used in BBC prog ) 1o 250
4022 0 | 0 2 | ss 250 Red, Greenor Yell 18 TIMER ® BMC B8M1401 14" Colour Monitor, RGB input
w3 B | B2 B o {® ELECTRONIC TIMER, Solid state, 15-30 min. Connects directly AT
3%; g 4408 790 | 4584 0 Red Lid | to above Erasers. Protects your expensnve Chlps from | @ ZENITH 12 Green Monitor, Hi-Res . . . ... ... ¥80
4026 80 | 4409 7% | 4585 80 Green or yellow z overcooking. Our timer pays for itself ig no time .. oo ...£15 @ AVT9” Green, Anti-glar filter, 12MHz £95
4027 20 | 4410 73 | 4597 30 | LDZ71inkaRed 48 ® SPARE 'UV' Lamp bulb ® AVT 9" BE&W, Anti-glare filter. 12MHz. .£89
£§3 .’2 4412 775 23335 % TIL32 infra Red 58 ® POWER SUPPLY. Regulated with Overload protect:on Variable ® AVT 9 Amber, An;n-glare filter. 12MHz £98
4030 15 | 4415 480 | 40097 45 RUS Detector * 2 Output, 5V to 16V at 4A. Professionaily finished £38 Carraige on all Monitors is £7 {Securicor}
4031 1z | 49 280 | 40098 &2 PLY KIT.Especially designed for
TiL100 80 ® MULTIRAIL POWER SUP specially ig
ﬁ::g 1: - :?) :8}8? 3;3 BARGRAPH. Red 10 Micros. Tested output: +5V/5A; +12V; +25V; —12Vof 1A £37
034 W0 | 44s s | 4otz a0 | sepmenss ™ | @ 12 COMPUTER GRADE CASSETTES in library cases.........40p WEROM for ACORN ATOM
4035 45 | 4450 360 | 40103 7% ISOLATORS A highly sophisticated Acorn Utility ROM. Plugs
4036 Z® | aas) W prir R B % | © SEIKOSHA GP100A. 10" Tractor Feed, 80 Colmn. 30CPS, s"aiégm rso floating point Atom’s Utiity Socket.
:gg; 1:3 :;38 ‘:Sg 40106 38 Lare 15 Normal and Double Width Char. Dot Res Graphics . . £175 (£7 car) Gives many umque BASIC Extensions: Hi-speed
4039 250 4501 28 | 40107 ‘: TILIN/2/4 |2 ® SEIKOSHA GP250X. 10", 50 CPS, Normal and Double width Tgpe INterface. 2 Key rollover Keyboa_rd, Fuli
4040 0 | 4502 0 :g:gg bt }"NL;;'{,WO and height Char. R$232 and Centronix Intrf. standard £240 {(£7 car} disassembler, Memory dump madify, Machine code
:33} : :ﬁi .72 40110 188 ODarlington 136 @ Printer Cable for our printersandBBC ................. ... £12 breakpoints: Basic error trappnrt\’g; READ,(B%»;\:TI:@?
v i - A " | B © S Fom Foldpuper 1000 shostsl......£7 + 0 car | BESTORE: Pl BASIC Kb scanns (B8C e
o 8 T312.3°CA 106 B mbering; Plus: Chain,
45 we | 4so7 x| dote @ | TIMZAER I e e e e E G e
to05 % | a8 am | AR & 33 B7CA 1 further. Manual supptied. INT
404 0 | 4510 % o B TI322 5" CC 16 ONLY £9.95
o m I Bu s % % | ouossmce %
4050 2% | 4513 199 | 40192 % E;},‘;gfﬂf,‘ ,;
051 & | 4514w |43 w0 | N 16 : ULTIMUM
W0 @ | e 'm | m | Agemca W | FLOPPY DISC DRIVES TEAC (BBC Compatible) , _
4054 | 457 grm | 4024 16 | SISWRCA, B | g EDSOA — Uncased Single, 40 track, 53°, 5/, 100K ........£126 | WATFORD'S own most versatile
e B B s e | 3"11GeenCA 10 | @ CS50A — Single Cased with PSU, 40 track, 51 5/52133)&( ~£18 | MICRO EXPANSION SYSTEM. Ideal
:8?7; ma: 2353 : 40373 180 | DVMIZE ‘g ® CD50A — g'wul\ %as::d wutr;l f;sstilj ?oTTrfacckk 55}* ss//sS 200K for interfacing with APPLE, ATOM,
40374 180 LCD 3} Digits ® CSS50E — Single Cased wi b
e | £ M WA sm | Coabin ® GDB0E — Twin Cased with PSU, B0 track, 54* /S 400K .75 | DRAGON, PET, RESEARCH MACH
081 1% | 4526 7 LCOBIDi ® CSBOF — Single Cased with PSU, 80 track, 5;" D/S 400 INE, SPECTRUM, SUPERBOARD,
w2 o | i NEONS § GDS0F — Twin Cased wih PSU, Borwack 51 D/SS00K .09 | VIDEO GENIE., ZX81, etc. Low Cost
4063 & | 458 7 |Ngn0c 285 Rectanguiar, nut fixing ® 10 Verbatim Diskettes 5}* 5.5.5.D. (5 yrs warranty) 1D . Gl Bract 7
:333 z: 45‘0 ‘: OCP71 120 Red, Amber, Green ® 10 Verbatim Diskettes 5}” D.S.D.D. (5 yrs warranty) £30 High Spec. As' published in Practical
wes i | 437 i | OFP12 A LECTIVE 10t | @ 10 Verbatim Diskettes 8° 5.5.D.D. (5 yrs warranty) £28 Electronics starting from November
4069 16 4532 70 235;7 : gmﬂé‘{,"‘ 09,723 N.B. Carriage is extra on ali Disk Drives and Peripherals 1982
4070 13 | 4534 400 A 2 . .
i 3 2?,32 ’: Bhwa1 2% g:"‘c" — m"'z Send SAE for details.
4073 16 | 4539 %o | BPX6S 0
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SPECIALIST ELECTRONIC COMPONENT DISTRIBUTORS

1983 CATALOGUE NOW AVAILABLE

SEND LARGE SAE + 75p TO ADDRESS BELOW

CRIMSON ELEKTRIK

PROFESSIONAL AMPLIFIER MODULES
NOW AVAILABLE OVER THE COUNTER!

B

NEW TELETEXT KIT NOW AVAILABLE

WITH PRESTEL ADAPTER (OPTIONAL EXTRA)
BASIC KIT £120

VELLEMAN KITS

HIGH PRECISION STOPWATCH
DIGITAL THERMOMETER
INFRA RED DETECTION SYSTEM

ELECTRIC DRILL SPEED CONTROL

PLUS MANY MORE KITS IN STOCK

K2557
K2549
K2577

K615

(Prices incl. of VAT)
- PLEASE CALL AT ADDRESS BELOW TO SEE DISPLAYS

oo e, o £43113

coonen.. . £10.63

.....£26.57
.. £7.59

PRODUCTS ABOVE AS FEATURED IN RECENT
ELECTRONIC EXHIBITIONS

COMPUTER CHIPS NOW AVAILABLE

Z80OACPU..........£3.20 2732300NS.........£7.50
Z80ACTC..........£3.20 2764300NS........£11.00
Z80AP10...........£3.20

PRICES EXCLUSIVE OF VAT

OFFICIAL TEXAS INSTRUMENT SUPPLIER

sole Distibution BRADLEY MAARSHALL LTD. 325 EDWARE ROAD. LONDON W21 BN. TEL: 01-723 4242

COMTECH ELECTRONICS

Comtech
Electronics

MAIL ORDERS

205 STURDEE ROAD
LEICESTER LE2 9FY
Telephone: (0533) 779578

BCY70 17p | 2N2222A I TS T IC SOCKETS THIS MONTH’S SPECIAL OFFER WITH ALL OROERS OVER £6
B8CY71 18p l 2N2368 F 8 oin = ==A-FREE_VESEREEI.
BC1078 120 | BCY72* 15p | 2N2369A 2p | ggge 16p | 3mm RED 7 | 14 ‘;in as ® 2N3055 ®
BC108C 12p.| 80115 S0p | anzsd 2p | 220, b | mm RED B || B o T =
BC109C 13p | 80131 P | 2N2904 p | 374 14p | 3mmGREEN  10p | 1g bin 120 OR ORDERS O
BC113/4 17 gg}gg ;;z gu;ggg‘ g 747CN* 58p | 5mm GREN 100 | 20 pin 14p HOW DO WE DO IT?
gg”gis go 8135 Rp | 220054 X 748C ¥p | 3mm YELLOW 11p | 25 gine 16p | WE SEARCH FOR THE LOWEST BULK PRICE AND THEN WE SELL
. | BD136 22 2906 np | GA3089 180p | Smm YELLOW  11p | 24 pin_ 180 | THEM TO YOUIAT GENUINE LOW PRICES, (PROBABLY SOME OFf
8C139 30p 30 CA3090AQ 330p | Rectangular 28 pin* 20 THE LOWEST EVER)
B8C140 28p 80137 P 2N2906A 23p CA3189 280p Red 13p 40 pin 26p
i 25| oo a: 0 || Bl o | icm7556 1500 | Green 17
Bela2 8 5 & . vell i [ CAPACITORS | | SUPERPACK- |
A e A —
FEl %2 | Bozos* 750 | 2N3086 stp | LE3SS e EECICTTEN | Clcyes, ey o Do you build small projects? [
BC1718 9p | BD222 60p | 2N3441 20 | 325 oo | Aalle % | 10uF. 50V 7p 100uF 50V20p Then you need our hobby pack
8c172¢ % | BFX29 Zp | 2N3442 126p M301A 245 | 0A47 9 | 4.7uF, 10UF, 22uF, 25V 6p 5 BC108C NPN
BC173C 9p | BFXB4 Zp | 2N3702 sp | LMot &on | 0A%0 7o | 47uF, 25V 9p. 100uF, 25V 10p 5 BC178C PNP
8C1778 18p | BFX877 26p | 2N3703 % | tMass 205 | 0491 Tp | 220uF, 25V 15p. 470uF, 25V 23p. 10 8212 PNP
BC178C 16p | BFx88° Z3p | 2N3704 % | 'm339 &7, 0A95 89 | 1000uF. 25V 2p. 10uF, 22uF, 47uF 16V 6p. 10 BC182 NPN
BC179C* 17p | BFYS50 24p | 2N3706 % | [m3s8 &b | 0A200 7p | 100uF, 220uF, 16V 9p. 10 741 Op. Amps.
8C1828 9p | BFYS1 24p | 2N3707 % | misg 502 0A202 gp 100uF, 10V 6p. 1000uF_ 10V 19p. 5 555 Timer.
imme B Se R B s mEE | Lo 128 a1 Do
BC1S18/C % 1 gsvasa 2 | aN3v02 7sp | LM3s2 150 | Do, gp | O-1uF, 0.22uF, 0.47uF, 1uF, 35V 12p. 0pIN002HDIodes
BC2128 % | BSYSS 1500 | ST b | Lm38a 120 | Jneias 3p | 2:20F, 4.7uF, 25V 20p. 15uF/16V 30p. 22uF/16V 40p.| 2 INO06) SCRs.
Beaian/C % | su206- 1700 | 2n3819 2op | LM38S 0 | 1N916 4p | 474F/10V 60p. GBUF/6V 50p. p
BE2148/C K B P | LM393 720 | inatas 25 | 100uF/6V 80p ALL FOR £8
BC2378 10p | BU208 160p | 2N3903 10p | HM33 o _
BE238B/C 109 mjgg;g b2 ZN390e }m LM741 Tap | IN400) 25 NENT PACKS  — - SUPER LOW PRIGES ' "'
et :oz: MUE521 700 | 2N4037 ap | LM747 580 | yN4003 4p | GP130 IC sockets, B, 14, 16 pin (10 of each} ;
BC257/8 16p | MJE2955 99p | 2N4058* gp | LM748 Fo | 1N4004/S sp | CP2208C182/B6212 Transistors (10 of each) |
BC259 1 MJE3055 88p | 2N4061/2 10p | LMI4SE 30 | 1N4006/7 6p | CP320 BC549/BC559 Transistors (10 of each} £1.26°
e LM3900 4w . 4 6 2N2222 NPN Transist
BC300/1 aBp | MPSA0S 20p | 2N5457 28p Tee T2p | iNsao1 1p | CP ransistors :
BC302/3 a5p | MPSAOG 20p | 2N5458 z7p | MCM4 P | 1N5402 12 | CPS62N2906 PNP Transistors i
o | mpsai2 24p | 2N5459 26p | MC1ase Be | 1Ns403 13p | CP66 2Ns305A Transistors ]
B SoaeTe 150 | Mpsais 24p | 2N3580 73 | MCi748 3% | 1N5404/5 145 | CP7100 1N914 Diodes y
BErAs 00 | Mpsass 24 | 2n6027 29p | MC3302* 720 | yN5406/7 15p | CP8100 1N916 Diodes i
R 12 | Mpsase mp | GNeozs Sap | RC4558 40 | 1Ns408 16p | CP101001N4148 i
oot 12p | TIP29A 290 SNIsIS 12 | gar100v 29p | CP1110MC1458 (Dual Op. Amp.) i
BC337* 120 | TP29C 34p SN76686; Mo | 6as200v T2p | CP1220 BAX13 Diodes ]
8C338 12p | TIP30A 30p TDA1024 - b | gasa00v ¥p | CP1450 400mW Zeners, 2 each of 2V7-33V £2.00°
8C384 e | TIP30C 36p TDA2002 %5p CP1550 1.3W Zeners, 2 each of 4V7-51V £4.00°
B8C413C 10p | TIP3TA 3p JLDA2030 2000 CP16 50 Mixed Electrolytic capacitors £3.80°
414C 10p | TIPa24 Bp T e — s (10, 16, 25 and 50V Radial, tuF to 1000uF)
S&lsc 10p | TIPA1A 42 23: REGULATORS 400mw CP17 4 LF351 JFET Op. Amps. £1.70°
1 TIP42A 46p 7805 zp | V736V 50 [ CP184 LF353 JFET Op. Amps £3.00°
SS:}?C 505 TIP3055 59p 2”" 7812 Bp | 13wV CP1950 Mixed LEDs £4.00*
BC478" 2%p | TIS43 40p 233 7815 3v34v 128 || CP20 100 }W, 1% Metat Film resistors £2.50° |
BC479 25p TiS44 45p 2p 78L05 {You setect the vaiues you require)
BC546 10p ;:gg? gﬂ 36p ;gt(‘)% 3 o ® SAME DAY DESPATCH e
ggg:;g ogp TIS92* Zlg 3: 79L05 65p €1060 40p OROERING: All components top quality and full spec. Please add 30p
BC549C ap. | 2N1613 30p oo | 79032 esp | €160 Top P&P to orders under £5. VAT to be added to total please. Send chaque
BCS56 100 | 2N2218A 2%5p gop | 79L1S 1260 S0 or postsl order made payable to Comtech Electronics.
e B|EEM 2 & | e r i
ce o [rssions T
5 LM317T TW 5% Carbon film E24 series SENO S.A.E. FOR
BCESIC 9 | 2N2222° 18p + | 6A/800V 200 | 23K 10 ohm-1M ohm 1p each. *w 1% E24 series FREE PRICE
LM723CN W 5% Carbon fitm E12 series 0 ohm 1M ohm 4p each. LIST
78HOS BR100 1 ohm-1M ohm 2p each. '
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INTERNATIONAL L

AUDIO BUYING GUIDE

The special audio buying guide will tell you which system to
buy to suit your pocket. There will be good, sensible advice
on all aspects of system choice and upgrading, but none of the
‘buy a Lynotrio Cystemdek for £10,000 and listen to it
through Granny’s hearing aid until you've paid off the
mortgage’ variety. Incidentally, we've inserted the
CENSORED stickers for your own good, to prevent you from
going out and buying any gear until you've read the guide
(and bought next month’s ETI, of course).

DON'T MISS OUT -- ORDER YOUR COPY NOW

ETI APRIL 1983

PROJECTS GALORE!

In case there are a few die-hards out
there who still want to build their own
gear (Heaven forbid!), we’ll be including
the odd project or two..........

e An entirely new type of power amp
using NDF L techniques

e A Balanced Input Preamplifier to
overcome noise problems on long
signal cable runs

e A Noise Reduction Unit with an
excellent specification — this must be
amongst the most requested of all
projects

e A Power Supply that can be used

as a stand-alone unit, or to upgrade

a good amplifier to the dizzy heights
of super-fi

o The PseudoROM, a bit (well, 65536
of ’em to be precise) that looks like
ROM until you move the switch..........
very useful for operating system
development, which is exactly why
we built one.

ALL IN NEXT MONTH'S ETI
ON SALE ON APRIL 1st (HONESTY)

Articles described here are in an advanced state of preparation.
However, circumstances may dictate changes to the final contents.



GRIGKLEWOOD ELECTRONIGS LTD.

40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET. Tel: 01-452 0161. TELEX: 914977 CRIKEL G

SUPERIOR QUALITY CARBON | veroboard 0.1° Grade One 2N2714 12
. o | aN3900 .
FILM AEBIETONS, i TAB Copper ciad | Glass #CB e e Everor Bl [Pt 0| e 150 | Bga e | SSure 2 ED a0y B e | MPsLs  aBp
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*W 100 IMQ 5% €24 % | 3% 178 « 240mm 2IN2890 IRt 40631 130] | BC1788 p | BCaB op | BOYI? 289 MPSUQT  Bdp
%W 102 -1 575 0p 2N3%03 5p | 2NS221 250 | 40632 212! | 8C179 BSX29 Mp |
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2200 8202 €92 1p | oot o | 1 T ines 2N2926 100 | 2N4060 120 | NG266 288 | acioz HEE B EEer B :ﬂ'g 100 | BU104 222 | MRF47?
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N0 100p/2KY  24p | 203 - M1 1B P | 2N4240 3.00 | 2N545] 25 v 1 1 J P | J300 48p | NKT243 B6p
;g: Eo oorikv  2ep | 233 - 220 e | IN3IT 20p | aNazes Vsp | IN5as7 78 | AF109 1 [ gCi3a  aon| BCY3la 130 | BEAG 3 | J3r0 53p | NKT288  40p
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CRICKLEWOOD — STOCKING PARTS OTHER STORES CANNOT REACH!

| Items not fully covered on this list include: OPTO 7 seg LEDs, LCDs bezelled LEDs, Lamps,
Lamphoiders, FUSES: 20mm 1} inch, siow or quick biow. Fuseholders. CONNECTORS: DIL. DIN. % THE LAZY WAY Phone your order through on Access, Barclaycard, Visa or American Express
Phono, 1mm, 2mm, 4mm. Bulgin USA. I.E.C. KNOBS: Plastic, Aluminium, Anodised, Collet, Pointer. for immediate service; no extra charge, no minimum order.
SWITCHES: Toggle, Biased, Rocker, Rotary, Slide, Dil, Push. METERS: LCD, Analogue. Test and % THE TRADITIONAL WAY Send cheque, PO or credit card number. Cash not encouraged but
Panel. TOOLS: Pliers, Cutters, Strippers, Trimmers, Cable Cutters. And much, much more. 3ccepted (no coins pleasel. All in stock items shipped same day.
All in stock items (that's Y5%) posted same day. OFFICIAL ORDERS FROM SCHOOLS. GOVT * THE IDEAL WAY Call in and collect. We are on the main Edgware Rd {AS) just 1} miles from
DEPTS ETC WELCOME. OVERSEAS ORDERS WELCOME (CWO + ADEQUATE POSTAGE). Staples Corner and approx 3 miles from Marbie Arch.

QUANTITY DISCOUNTS BY NEGOTIATION. VAT Please add VAT at the current rate to all orders except books. VAT not chargeable abroad.
gngColgwagg? 1E_LECT9R09NICS LTD., 40 CRICKLEWOOD BROADWAY, LONDON NW?2 3ET. :OST; PdACKING & IN£S1U5|})ANCE Standard small order charge is 70p {more for heavier goods).
: 01-482 , Telex 914977 xport orders minimum £1.50.
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TIC1268 729 | BAVAS 18p |COX33 480 | cadsa 200 | EEIRIM O | TARG21AX1 275 | 7438 top | 241993 b | 7as225 528 | g7 1y | MKSOZ WE Alymiminm
2A 1iC126C 73 | BAX13 10p |LD30A Bp | CAJ020 200 en 100 |TAASSIAT 150 | 7440 159 | 74L593 40 | 745261 300 | 4048 399 ] Anodisert with JACK PLUGS
TIC1260 77p | BAX16 1ip | LD36A 12p | Ca3020a 390 | LM748C 00| ya26618 170 | 7441 741595 3o | 145262 850 MMS303 625 | oo Tetion Huge Oscount
TIC126M 90 | aAv3s 20p [LD37A 12p | CA302) 320 | LM74BCN - 3D {10500 oa0 | 7442 %o | 74159 Do | 7a5297 298 | 4049 Zp | MM5307  12.75 Nose £4.66 tor quantity
L0524 1 A30 332 | LMI3OIN - 120 14930 P | 748107 2p | 7,556 1oy | 4030 Zp | MMs357 - 22.50 plesse phone
BAYL4 15p 2p | CA3022 250 | 7443 66p 4051 a4 Spare Nose 85p [
BAY93 10p |LDS6A 15p | Ca3026 152 [ LMIOAN 280 \ya06358 g3 | 444 o 7415109 Bo | yasiee 1w D | MM57105 14.001 e oD W Mono  20p
SIEMENS Mhem 1 |ioea Voo | Chsosea 12| tMrsosn 370 | UGN 3 | 14ad o | 7as2 20 | 00 33| 052 0 | MMS7109 12.00 | (RO SOLD. H DS a8
THYRiSTORS | JO0 000 205 [LDS2C 00 |Cazozee 2.3 | LMI3OTN 275 7440910 2045 | Tade op 7415113 22p | 345270 3 | 4O 49p | MMST160  9.00 A" Metal
1.2 amp plastic B104B LDS6C 0p [Cal9  1es | UMIZION 1488 rni00 0 200 | J4es 74LS114  2p | 43471 628 | 405 &p | MMS7161  9.00 GRAPHIC Mono 300
BaB0ios 100V | BRIB B | perc 30 | Casosoa 297 | SMIBEN 225 1hi0as Tsp | 7aas TPl Tas122 Fe | jeca73 120 | 4058 Bp | MM58174 11.80 | pROCESSORS | < %mm Mono12p
60p 0804 H g LM1458 Mo ( 1aad3y 1.0 %0 | 7415123 Mp | 743478 39 | 4056 8% | RO2513LC  €.99 9365 44 % mem Metat
88105 s2p |LOBO. 8p | CA3033 5.44 8. 7450 15p 7 4% EF936 .00 | .
Bst B01131200V) | po on, 57 |LDB6A 220 (Ca3034  sas | LMI1496  108i1ga34) 205 | g0y b | 745124 8o | j45475  gs | 4059 o | AD2513UC 7.80 | crg3gs  aq.00 | Mono
881058 58 |LDB7A 220 |Ca3o36 275 | M1800 34| rga3es 165 | y403 12| as12s Me | 4067 s.00 | 4060 42p | SAA 3.00 -
Bst 50146 {700V} i LM1801 2.98 50 | 74LS126 p ¥ 4063 T9p | SAAS010  7.10 HEATSINKS
Vh|lE lem IS IGER lelun mebs om0 B As RS IRNE Z M08 n) e
“C|8ri26 200 ASO8N b My 2.99 7460 5p 4067 2.2 | san ] 3
4.7 ampplasuc | BY127 220 |LD46! 25p | CA3042 347 | (pg20 245 | TBA46D 153 | 7470 WVp 31{2!33 32 74H TTL 4068 14p SSM?,%% 5;5&', 10‘ MSV"Z!:‘ :lo —
Bt BO206 (100v) | BY134 52p |LD46 145 1CA304) 392 | pmig2p 479 | TBAS00 - 2.97 | 7472 Zp | 7405139 77p | 74H00 148 | 4069 13 | Saasoso w00 [ O3 00T "
s0p |BYiz 128 [LD468 165 | CA3046 6% | [jmig3g 2.4 TBAS00Q 311 | 7473 B | Jecaree 74HO1 145 | 4070 13 [ saas041  15.00 tecios
Bst80213(200v) |BY183a  68p |LD4TI 21p [ CA30AT 480 | [yipas 42| TBASI0 295 | 7473 18p 2| Jaros 156 | 4071 13p : 18p
Y10 | Bv206 2 |LD476 120 | CA3048 2.9, | ‘pipes 289 | TBAS100 305 | 7475 25| [oara o> | 74mos Ve | a7 | Saam 420 | vozzowmieze
Bst BO246 (700v) | BY207 3p L0478 145 1 CA3M49 321 \Mmigso 278 TBAS20 257 | 7476 24p | 745151  30p | 74H10 145 | 4073 190 | TmMSE01T  3.66
2.00 | BY223 166 |LD479 185 | CA « 1| arsrt 49| TBAS200  2.75 | 7480 05 il Jam11 1es | 1075 1% & Many other sinks
(D481 27p | Cadosy 350 TBAS30 255 | 74 7415153 3% ULN2003A 86D | 1 giock including | 3% mm Mono 15p
TV Thyristers | 5Y207 2 {losss  v28 [Cajosz 2ep | WMISZ AN 1ple00 278 | Jens tad| 7asise 7 | 7am20 148 | 4076 Yo | oT26 . wer Sinks Line
P Al 90 | BY299 s |0 e By 18| imiges a4 f 108 27 | 1482 8p | 7415185  29p | 74H21 145 | 4077 Yp i grog 1.38 Prease phone % Mono  20p
BT101-500R 1.e0 | BYW11 800 1.40 |/ lps 1as | Cazoss  vee | MBS 377 tgiteq 274 | 1453 B/o | 7415156 Ip | 74H30 146 | 4078 130 | grgs 13 “- Metal  30p
BT106 s0 [ BYWIT1000, 1\ Deeg 61p [ Cajoss 20| LMIXN. 275\ veasso 326 | Jade b | 7aistsr  Z7p | TaHd0 g 4 2| st 135 | pechargesble | % Stereo  3p
BT116 Use BYW12.100 1.30 |ORP12 1.20 | CA3080 wow | LN 2801 1845600 327 | J4ge 1oy | L4158 2 | 7AMDS 1.65 | 4085 agp | B1LS98 %0p Batterres % * Steren
TIC116M B8YW12.200 1.40 |RPY60 285 [ CA3062 1384 | (M2917N 188 | TBASSOC  2.87 | 7459 170] 7415180 0p : 1088 81LS9% 120 Guaranteed Meral 40p
81119 13| BYw12400 2,00 [RPYE3 285 [CAJ0s5E 298 | LMos24 677 | TBASTO 237 | 7a50 Sy | J41Sler e e asiproes 3 BILSST  Sp [ mmmumso0 | 3%mmMonoisp
B 8YX10 THL32 7 re=s i TBAS570Q A8 | 749y ) 1093 1.20 charges 4 mm Mono
8121 130 | BV ories |TiLes 195 [Ca3070 3| ihosgy  Gep| THASBY 31| 7g = PR Sl V78t iosa | e Ta | HP2(12AH) 210 | Line 20p
8139600 2380 | BYFO0TRED I 1)iea 195 [CA3071 30| (M3401  eep| IBAGAT 300 | 9493 up| TSiee Ridl et oo | 8532 $36 | pp2uaMl 478 | Toxas Books w
TRIACS BYX71.350 TiLes 225 | CAX07S 2.8 403 T8AGS1 190 | 4494 24p 4096 70 | 882! 112 | HP7(jAH)  98p | siock. Send for
Teas 400V | gyx71600 152 |TILE 23 [CAN7e 342 | (Maags v | 1BAST3 T | 14 5| Tadiee M| saorioo | aosr 28| &) oog | Pn2aW Free L eaflet
TO: ITT33 15p | TILE7 2.35 | CA3078T  2.26 | | mM3300 anp | TBAT00 7436 3p 70 | 4098 740 e 22 | gooKSino VAT
TIC208014A) 685 | 774y 10p |TIL78 60p | CA3080 189 | iNasgs 1328 [BAT0Q 247 | 5,07 0|}l JALS170 1 Top | 74L10 B 40 6850 J Chargers ovAl
i i r %00 tPostinc prices)
TICZ25018A) 74p | 11991 o [T 1.60 | Ca3080a 396 | LmIs0s TBAT20AQ 2.80 | 34160 oop || 1317380 | 74047 32 e Ly 6852 20| yypEm d
» 74L74 1 or higher owers
T1C2260(8A) 8p | 77323 15p [T1L99 VIS | CAJBOE  7p | Lmagrs 29| 1BATS0 228 | 400 po| PR 2 v B cumbersinao | 8875 48 | Adiustable 10§ Transistor
TIC236D112A) 70 | TIL1I6 110 1 TBAIS0Q  2.46 | o4 74L8175  3Bp | 74185 420 1 8131 378 | of eny HP type
16 [ Mrse  vep [T 2| Caaer v% e 1;|BAOA 211 4108 gz Jsist wmp | e 12 Serien, e BE ) || HemRIAT Monual (Bible
P : . - - 74L51 .. TALY: 3
Ticaue016Al | Gai Top [TILI3Y 240 | C Sio | (M3316 218( Toagre ey | 74107 20| 743190  3ep | 74ls8 in MuCtord | 8198 o || L TTLDats 395
TIC2530208) . | Sase £ 4 uas o [Cascast Qe LMa2s0CH 283| 1eag0 T | 7410 Zo| rsier %o oitxes | g216 T || Oata conversion
90 | 5Agt 10p (TIL212 19 [ CA3090a0 370 | LMracob o8 TBAB2OM oo | 74116 || gg ,’.‘&8”‘“"},‘, . 4223 || GRiiHmd voit Reg Date
TucmD(ZSAz) - 0A95 200 Htg; :gp CA 306 o | MB3712 19| Taa9300 19 | 74118 8% | 7415104 oy | 74€0a 2% & CMOS e . at s time) £5.06 3.95
— =7 | oa200 20p P gﬁ; E 1£ MB3756  3.80 | ygagso 22 | 74119 SIp | 7415195 Xp | 74Ct0 28p | 4502 S0p | a%28 QUARATZ Intertace  3.95
— 0A202 20p | TIL312 12+ 3 Pretpri i MBB71S  7.96 | yoaa0q g 6f | 74120 Bp | 7415196  46p | 74C14 89p | 4503 25 | 338 57| CRYSTALS Memory aplic
INGTER (TOS) | RASSIBAF 7% | T3t 188 Mo | Ms3200 854 rpagenq 274 | 7412) | 745197 74€20 28p | 4507 3w | g343 asgl | Presseonauie .
4 | a4 | SPD9000 8o | TIL4OL .50 | HAldcow  2.40| MC1303 TCA10S 3 74122 Wp | 7415221 gﬁ 74C30 34p | 4508 119 M about types Audio/Radio
IN61SS (TO121 | SPD3002 %8¢ }:t:gg f'ﬁ 'Ct;?gg 72: LM1303N TCA160C 2,67 ;::gg g 7415240  SBp | 74C42 9o | 4510 %6p | 325, EX not listed Hbh 450
‘3 | —————— 17107 seo | NS - TCA220 344 | J2io2 Jp| 7415241 skp | 74Ce8 1.40 | 4511 48p | g5c3 7 32.768KHr 998 | <oocia iuncrion
&= i BRIDGE ) .50 | LM1304N TeAzI0 2. 74US242 6o | 74CT3 s4p | 4512 39p | a25s 10 100kH: 248 [ 2
40432(Quadrac) | RECTIFIERS NEWOPTO | (CL/6TY 136 | mcyos TCat0 2 74128 B | 7405243 SBp | 74C76 §7p.| 4514 190 | g7eg 2 200kMz 279 | hendbook  3.9%
40486 (TOS) 1.68 | /PTV shownin DEVICES ICLBO3S 298 L M130sM TCA450 2 74132 Bp| 745244 SBp | 74C8I 174 | 4515 190 | g5y aop | !0OMMZ 269 COAX TV
prosed 270 brackets) inc. Superbright | ICM7566  80p | mcC1307 TCAB40 418 | 74136 Zo( 7415245  70p | 74C85 134 | <516 50p | ga5g soo | 100BMH: 274 A Metal
40676 TO6E) | tiame type soa next column | LC7120  3.20 [ Lm1307N TCaso  as | 7414) 0| 7415247  S0p | 74C86 110 | 4513 3 | 5279 ‘0] 200Mu: 22 | pug oy
am|wortom 209 | [LC7130 320 | MCi3t0 TCAG60B 415 | 74142 1751 7415248 S5 | 74Ce9 5.96 | 4519 25 [ ole o850 | 2097152MHz Socket
40842 Y| wozi001 280 ) LC7137  400p | LM131ON TCa730 480 24143 19| 745249 Bp | 74C0 1.06 | 4520 480 | B304 ise 3 | UneSkt  40p
| W04 400) 280 | CONNECTORS | LF35) a7p | MC1330 - 7CAT40  4mof 141 5| 74Ls251 0w | 74C93 144 | 4521 20 | p601 120 | J2isemir 18 | —ym Ty
WOB (800} 40p 2 WAY LF383 Rp [ LMPINN TCATS0 486 | 1AM o) 7415253 o | Tacss 1.00 | 4526 S0 | acaeN 1950 | $:00MHz 148 R
DIODES ————— | Soider type LF356 ®p [ MC1352 178 | ycazeo 278 140 y| 7418257 2 | 7actor "3 4527 S0p | g3, 280 | 41943%4MH MULTIMETER
T 0pi| 23mp tvpe Wale 1.00 [ (Fasé sop [MC14S6 180 | yCagoo  3s0| 74108 wap| 7415258 Tp | McIST 28 | 4328 %o | ga33 23 300 | 3amps AC DC
2 70| Sauere with hale | Fmaie 2.06 | (¢357 1.08 | MC1458 TCAB00Q 300 ( 14180 So| 7is258 e | 7aC1s4  ds | 4532 % ( 9597 300 | 4433619MH; 1KV (DC)
ne23 s2p.| 50111000 37p | Angled PCB (F13201 299 | LM14%8 TCAB30S  1.90( 74,21 0| 15261 9% | acrs? 2.29 | 4534 42 | 59 300 1% 750V 1AC)
FE 502{2000  40p [ Mae 246 | (13331 330 | MCI4GEL 81T ycao 2| T4 7415266 18p  74C160  1.84 [ 4536 258 | oen s6e | SO0OMHZ VR | eaibieal
Fuse m S041400) 40w | B 29 | L3 180| MCI4SL 378 gy e | 2413 :z 7415273 S3p | 74C161 1.16 | 4538 o | oe0o 258 | 600MH: 188 £34 50
1N11%0 vap| 5081800} 8Bp | Covers %o | LFI3741H 68 [‘N“:“:’“ - ToA1002 13| 73108 &l sz & | mcie 108 | 4539 9p | 290%cTC  zeh | 69375MHr 388 | isagorige
LF13781N| 58, % TOA1003 384 | 74157 wp) 741570 e | 74CI83 & | 4543 50 | 7B0ADART 308 | 200MH: LR soecs)
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SRapid
YElectronics

CAPACITORS POTENTIOMETERS 0OLS

Polyester, radial leads. 250v. C280 (bon track Log or Lin - § Small trimming tool
Small pocket screwdriver
Large pocket scrawdriver

60:0047 0.068, 0|

6 piece precision screwdriver set
a 1

22
16
13

MAIL ORDERS:

Unit 2, Hill Farm Industrial Estate,
Boxted, Colchester, Essex CO4 SRD.
TELEPHONE ORDERS: ’
Colchester (0206) 36412.

SWITCHES TRANSFORMERS

Submin toggle: Miniature mal
SPST 55p. SPDT 60p. DPDT 65p. 606V, 909V, ‘20|2V sil @ 100mA 100p sach.

Miniature toggie: PCB mounting. Minlature:

SPDT 80p. SPDT centre off 90p. 3VA 06,06 @0.25A;0-9, 0-9 @ 0.15A; 0-12,0-12 @ 0.12A 200p each.

—Mncuv:nn !
- =

ACCESS AND

WELCOME

Please sdd carriage charges
to our normal post charges.

to obtain a wide range of components at greatly reduc
Resistor kit. Contains 10 of each vatue from 4.7 ohms
of 650 resistors) . . 2 o
Ceramic Cap. kit. 5 of each value - 22p 10 0.01u (135 caps)
Polyester Cap. kit. 5 of each value from 0.01 10 1uF (65 caps);
Preset kit. Contains 5 of each value from 100 ohms to 1M (tdﬁ
65 presets

Nut and Bolt kit {total 300 items): 180p
25 6BA %" bolts 50 6BA washers
25 6BA %" bolts 254BA %" bolts
50 6BA nuts 25 6BA %" bolts

Bpin
14 pin
16 pin
18 pin

50 6BA nuts
50 6BA washers

CRYSTALS

&

& u- 23p Proce: w;@» hor. 100 ohms 1M II’.\ plastic ca;: a '.7;0 g‘PDJ gd)l? DIPDT centre off 100p. ?‘V: 0-6,‘ 06 gpgs:;:bs, 09 @0.3A;0-12,0.12 @ 0.25A 270p each.
ectrolytic, radial or axial leads: - OW cost side cutters 160 andard toggle: igh quality. it bobbin construction
0.47/63V, 1/63V, 2.2/63V,4.7/63V, e B o titurn, 0.75W High quality side cutters 650 SPST 35p. DPD'“_ED 6VA 06,06 @0.5A;0-9,09 @04A,0:12,0-12V @ 0.3A 220p each.
10/25V - 7p; 22/25V, 47/25V - 8p; ﬁk 88{’) each how cost pliers 160 gﬂmri‘uture C:(PDIT; stide 12p. I@ZVA 08, 06( @1A.09,09 @)O.BA, 0:12,0-12@ 0.5A;0:15,0-15
100/25V - 9p; 220/25V - 14p; = - igh quality pliers 650 ush to make 12p. 0.4A 296p (plus 40p carriage).
470/25V - 22p; 1000/25V « 30p; Wire strippers 120 PRush to break 22p. 358\2\ 06,06 @15A;0-9,09@ 1.24; 0-12,0:12@1A;015,0-15 @
2200/25V - 50p. Expo reliant drill a 695 otary type adjustable stop. .BA 330p each (plus 60p carriage}
Tag end power supply electrolytics: Exuo Titan drilt . 1025 l‘)I:‘sz" ZiGW, 3P4W all 55p each. S0VA 0-12,0-12 @ 2A, 0-15,0-15 @ 1.5A. 440p each (plus 75p carriage}
2200/40V - 110p; 4700/40V - 160, rill stand | 1200 switches:
2200/63V - 140p; 4700/63V - 230‘; Reduced shank drill bits for ASPST 80p 6 SPST 80p. 8SPST
Polyester, miniature Siemens PCB above 0.8mm, 1mm, 1.4mm g0 100p. HARDWARE CONNECTORS
1n, 2n2,3n3,4n7,6n8, 10n, 15n, 7p;
3 n b : n nBI On, 15n 70 PP3 battery clips . a 8 | DIN Plug Skt Jack  Plug Skt
22n,33n,47n,68n,8p; 100n, 9p; VERO
150n, 11p; 220n, 13p;:330n, 20p; e} :Ied :r biack crocodlllekcm;s 12 gpm 129 |Eo)o gs&;m 1(9)9 'Igp
470 ! . ; ack pointer control kno . pin 12p 10p 35mm 9p 9p
500” TR, BEE B ::“Mﬂg?gz p3mmred 7 PSmmred 7 ;sfg?;g?r: 350 pr Ultrasonic transducers 350 § 5pin 13p 11p Standard16p 20p
Tantalum bead: LM31IT »3mm green 10 P 5mm green 10 25 x 1 22 | 4:1 Eleclronlq buzzer 60 § Phono 10p 12p Stereo 24p 25p
0.1,0.22,0.33,0.47,1.0 @ 35V LM323K 3mm yellow10 P 5mm yellow10 25x3.75 % P12V Eiectronic buzzer 654 tmm 12p 13p 4mm 18p 17p
12p. 2.2,4.7, 10 @ 25V - 20p; to suit - 3p each. 2'5 0 5' 85 PPB2720 Piezo transducer . 75 | VHF {CB) Connectors:
15/16V - 30p; 22/16V - 27p; 33/ qular TILa2 40 3755 95 P64mm 64 ohm speaker 70 | PL259 Plug 40p. Reducer 14p.
16V - 45p;47/6V - 27p; 47/16V - 12 TIL78 40 VQ board 160 PE4mm 8 ohm speaker 70 § SO239 square chassis skt 38p.
70p; 68/6V - 40p; 100/10V - 90p. 17 PTILIYL 60 W veropins per ioo 20mm pane! fuseholder 25 fgggss ro;s%dvc/g':s's skt 40p.
Cer. disc. 22p-0.01u 50V, 3p each, e 17 ORP12 85 le side: pin A.
Muilard miniature ceramic plate: : 1% »Tttm 40 TiILio 90  Bockie g o Plug chassis mounting 3g
1.8pF to 100pF 6p each. iron: 450, elemel , 45 Dual colour 60 610 (Fep G 105 BOXES . Socket frae hanging . 60p
Polystyrene, 5% tol: 10p-1000p, 6p; | ARtCX XS 28W . . . . TAEGS t displays: Pin insertion 100! 162§ pragtic with e Sockat with 2m (ead 1200
15004700, 8p; 6800 0.012u, 10p. an 'mm bits to smt . Com snode
Trimmers. Mullard BOS series: 2_‘po Solder pump desoldering toot. 4& 0L707 03" \gh:r;g pegl'?g spoOIC . 312 lid + screws
> : ; Spare nozzle for above . . Pate spo0-op o 3x2x1 55 4;3;2" |oo MULTIMETERS
pF,22p; 2-220F, 30p.5.5-650F, 350 ; - "
10 metres 22swyg solder 4%x3x1%" BB 6x4x2’
- 7x4x2 160 6x4x3" |50 :T-|2O T,Ot‘)(o 091\1
RESISTORS PCB MATERIALS smart looking 11 range pocket
»C106D 30 | sized multimeter with an impressive
%W 5% Carbon film E12 series 4.7 || Alfac transfer sheets — please state 31137 ;‘g ";4"30400;3‘ g 400V 8A 70 fl spec. Complete with battery, stc.
ohm - 1p each. type {e.g. DIL pads etc.} 4 400V 12A 95 § 650p each.
%W 6% Carbon film E12 series 4.7 | Dato etch resistpen . . . 100 TRIACS 3:3‘17 2 :mggg ; HT-320 20,000 opv.
ohm to 4M7 2p each. Fibre glass board  3.75"'x8" 80 A Highly sensitive 19 range multi-
WW 1% metal #ilm E24 series 10 Femic chioride 250mi botnie, 100 ] 400V 4A 0A200 8  1N5401 Jk3 | BRIDGE 2A 200V 40 R er including transistor toster.
0 2A 400V 45
ohm - 6p each. 0A202 8  1N5404 16 RECTIFIERS HABRSM g0 [] Overload protection. DC volts —
INgt4 4 INGA06 17 6A 400V 95 1000, AC volts — 1000; DC current
COMPONENT KITS P1N4148 2 a00mWzen 6 .. o0y 20 umis DIL0.9A [ 0-25A. 4 resistanceranges. Compiste
g , o 1A 400V 35 200V 5o ] with batteries, leads, etc.  1395p
SOCKETS il An ideal opportunity tor the beginner or the experienced oafmei

® CABLES

) metre pack single core connect-
cable ten different colours. 65p

NEW CATALOGUE « NEW CATALOGUE 1IN
QOur latest catalogue has just been released containing
over 2000 stock lines all at extremely competitive

- ;ggf; prices backed by Rapid’s return of post service.
“« -ugr ened 24p/m Stocks include Denco coils, tools, Verocases, data
; Mv e ggm sheets etc. etc. Send 45p for your copy now {sent
fxvay reinbow ribbon  120p/m | free of charge with all orders over £10).

The Rapld Guarantee

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

2114L- 75 ZBOACPU 290 81LS96 85 LM339 45 1m3911 120 NES66 140 T(064 96
MICRO [ryIl : 205 280AP10 260 B1LS9? 85 0 0oKH: 235 4.43M100 LMm348 60 Lm3914 175 PNE567 100 TLO71 30
2532 340 Z80ACTC 260 1488 55 N imHz 275 6.0M 140 LM358 50 Lm3915 195 PNES70 370 TLO72 50
BEST 2732 340 Z80A 10 900 1489 55 # 18432m 200 7.0M 150 105 NES71 370 TL074 95
PRICES 4116 P20 70 ZBOA DMA 1150 Epson Printersand O [l 2oM 225 8.0M 140 ::cuas 56 BTLO81 25
ANYWHERE] ©116-P315008 35(5’ gsoA DART sgo C;nneclmrs now avail- § 2:4576M 200 10.0M 170 su%?% |t7ig 11:tggz gg
1LS abfe at low low pri
4164 95 5 ow prices. 12M 170 SL490 250 TL170 50
SL76018 150 UA2240 120
PSN76477 380 ULN2003 85
SP8629 250 ULN2004 90
TBA120S 70 XR2206 290
TBAS00 75 2ZN414 100
gg TBASI0 96 ZN4z3 135
TBAB20 70 2ZN424 135
CA3090AQ 375 TBA950 220 ZN425E 350
CA3130E 85 TDA1008 320 ZN426E 330
»CA3140E 36 PTDA1022490 2ZN427E 650
CA3161E 100 TDA1024 125 ZN428E 480
CA3189 _ 290 TLOG! 40 2ZN458 285
PCA3240E 110 TLO62 60 ZN1034E 200
y - BF337 40 MPSUS6 60 ZTx108 8 2N3055 S0
® WBFR40 23 TIP29A 30 2TX109 12 2N3442 120
Q rgFRBO 23 TIP29B 55 ZTX300 14 P2N3702 6
g Bcsas'ﬁ‘xoh BFRB1 20 TIP29C 37 ZTX301 16 2N3703 ¢
8 BC 4077 BEX29 25 TIP30A 35 ZTX302 15 P2N3704 6
LS365 28 10 s* 18 _fFX 2N3705 9
LS366 28 8 BaEM 2N3706 9
LSOG 11 LS26 14 LS83 35  (s132 35 LS163 35 LS367 28 45  BCYI 2N3707 10
LsS01 11 Ls27 12 LS85 48  1S136 26 LS164 40 LS368 29 10 B8D1Y b 2N3708 10
Ls02 11 1530 12 LS8 16  1LS138 30 LS185 55 Ls373 58 f Acias 22 BC169C 10 BO13kgy 2N3709 10
LSO3 12 LS32 13 LS9 24 (S13g 30 LS166 60 LS374 60 § AD142 120 BC170 8 BD132 : 2N3772 170
LS04 12 Ls37 14 LS892 25 (S145 70 LS170 75 ts375 43 M AD149 80 BC171 10 BD133 »2N3773 195
LSO5 12 Ls38 15 1S93 24 1s147 150 LS173 60 LS377 60 QJ AD161 40 BC172 8 BDI13S »2N3819 18
LS08 12 LS40 13 1595 38 15148 75 LS174 45 L8378 57 AD162 40 BC177 18 BD136 2N3820
Lsog 12 Ls42 28 LS9 95  LS151 38 LS175 45 Ls390 45 R AF124 60 BC178 18 BD137 2N3823 65
Ls10 12 LS47 35 18107 40  LS163 38 LS190 35 LS393 40 § AF126 S50 BC172 18 BD138 2N3866 90
Ls11 12 LS48 45  LS109 21 LS154 75 LS191 35 LS399 156 @ AF13¢ 40 BC182 10 PBD13g 2 2N3903 10
Lst2 12 LSSt 14 LS112 21 LS55 33 LS192 35 Ussa1 78 § aF186 70 PBCIEZL 8 PBDIA0 35 2N3904 10
LS13 19 LS5 14 LS113 21 LS156 36 LS193 36 Ls670 135 @ AF239 75 8C183 10 BD204 110 2N3%05 6
Ls14 30 LS73 18 LS114 22 LS157 26 LS195 32 BC107 10 B8C183L 10 BD206 110 2N3906 10
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£1000 Reward

Well, that's got your atten-
tion — now here’s the pro-

blem. It would seem that some
light-fingered gentlemen have
been at work in deepest Surrey.
Aura Sounds Ltd, sole importer of
Wersi organs, pianos and ac-
cessories in the UK, suffered a
burglary three days ago (that's
Saturday 5th February as | write
this) and several expensive items
were stolen. Amongst the lost in-
struments was a computer-
controlled rhythm unit, known in
the trade as a Wersimatic CX 1.
The director of Aura, Mr. Arthur
Griffiths says ‘‘The thief couldn’t
have stolen a more easily
traceable item! This CX 1 is the
only model of its type in the UK at
the moment. Indeed, it is virtually
a prototype and there are only 10
in existence world-wide. 1t is ab-
solutely essential that we retrieve
this instrument, and we are offer-
ing a reward for its recovery. In-
formation leading to the return of
the CX 1 and apprehension of the
thief (thieves) concerned will
*carry with it a £1000 reward’’.
Anyone who thinks they have in-

DIGEST

A Safe Bet

Here’s another attention-getter
for this page—can you stand
the excitement? Nike Clark (for it
is she) is unique, with a lot to of-
fer, says the British Safety Coun-
cil, and that’s why they’ve chosen
her to help promote their Action
Days. These will be staged to
assist industry avoid the disrup-
tion of accidents and unnecessary
losses by bringing all the latest
relevant information, products,
expertise and techniques within
easy, cost-effective reach of com-
panies all over the country.

The dates are Leeds (13/14
April), Cardiff (22/23 June),
Plymouth (14/15 September),
Middlesborough (12/13 October)
and London (20 May). Anyone
wishing some Action should con-
tact Faye Rothwell, British Safety
Council, 62/64 Chancellor’s
Road, London W6 9RS (telephone
01-741 1231 ext. 293).

formation should contact Mr.
Griffiths at Aura Sounds Ltd,
Royal Oak Centre, Brighton

Road, Purley, Surrey (telephone
01-668 9733).

Disc-continued

W e continue the mini-floppy
disc saga; Sony announced
today (January 20th) that 13
leading floppy industry com-
panies, composed of the follow-
ing disc drive and media
manufacturers, have agreed to
support a mutually compatible
3.5” floppy disc format: Atari,
Athana, BASF Systems Corpora-
tion, Fuji Photo Film Co. Ltd,
Memorex Corporation, Media
System Technology, Inc, Shugart
Associates, Sony Corporation,
TDK, 3M, Verbatim Corporation,
Wabash Datatech, Inc and Xidex.
““The major technological issues
relating to compatibility have
been settled,”” Sony said. ‘‘The
compatibility will strengthen the
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osition of the 3.5” disk with a
ard covering as the leading for-
mat for a microfloppy industry,
as well as reduce costs and ex-
pand the potential market
through greater second sourcing
opportunities.” The media itself
holds up to 1 megabyte in a
double-sided, 135 track per inch
version. The media’s hard cover-
ing protects the user’s data, while
the precise centring and proven
135 tracks per inch technology
contribute to greater reliability by
reducing the potential for posi-
tioning errors. Once the remain-
ir:ig specifications have been settl-
ed, Sony will grant non-exclusive
manufacturing licenses to any
qualified media manufacturer in
order to promote widespread
adoption of the standard by
manufacturers.

MegaMania
Mania

Having reviewed a fair number
of games for the January ETI,
your intrepid Star Warrior/Depu-
ty Editor had come to the conclu-
sion that high-resolution
machines like the Intellivision
and Atari 400 rather left the Atari
VCS out in the cold. A new game
from ActiVision has changed all
that, however, because it’s so
good it’s almost worth buying a
VCS just for this one cartridge.
ActiVision have proved that it’s
the game design that counts, not
the screen resolution. Using only
the simplest of shapes they’ve
produced a challenging and ab-
sorbing ‘space shootout’, one
which led to the extraordinary
sight of eight ASP employees
crowded into the ETI workshop
one night queueing to play. This
is unprecedented, because said
employees would normally be
quaffing draughts of ale in the
local tavern after work.

What does MegaMania in-
volve? Each attack cycle consists
of eight waves of Invader-type
aliens with loony shapes — these
are hamburgers, cookies, bugs,
radial tyres, diamonds, steam
irons, bow ties (!) and dice (per-
sonally I think they look more like
lumps of cheese). There are no
bases to hide under, which is
tricky because some of the bad-
dies move from left to right,
others move down the screen,
and some do both. The screen
wraps round from top to bottom
and left to right so if you miss any
they come back for another shot,
but it’s very easy to get trapped
unless you can figure out the pat-
terns and the best tactics for each

wave. The patterns of movement
are, naturally, different for every
cycle. Chris ‘Fingers’ Palmer of
Personal Computing Today holds
the office record at present with
216, 530 on option 1, difficulty b,
a pretty stiff target to beat.
MegaMania costs £29.95 and,
even though it’s only February,
gets our vote as game of the year.
Go out and buy one. Now.

Microtutor

We have received a letter
from Tangerine Computer
Systems Ltd, designers of the
Microtutor project that was
featured in  the  August,
September and October issues of
ETI last year. In it they state that
they have had many problems
witz it, paramount being their in-
ability to obtain the necessary
components. As a result of this
they have taken the decision to
withdraw the project from the
market. Both we and Tangerine
would like to offer our apologies
to any readers who may have
been inconvenienced by the
situation.

Cross Words

ops! we forgot to give the

winners of Crossword No. 5.
They were John R. Baldwin of
Dorset, A. R. Moss of Hampshire
and Stuart McWilliam of West
Yorks. Answers:

ACROSS: 1 Chassis. 4 All Pass. 10 Ambient.
11 Dry Cell. 12 PNP. 16 Mid Range. 17
Nanovolt. 18 SME. 19 Monitors. 21 Low
Power. 23 Function. 26 Anodised. 29 Owl.
30 Resonant. 32 Betatron. 3¢ Hum. 36 As-
able. 38 Voltaic. 39 P C Board. 40 Hous-
ing. DOWN: 2 Hybrid. 3 ITT. 5 LCD. 6
Stereo. 7 Maximum. 8 Pan. 9 Flutter. 12
Press. 13 Panel. 14 Watt. 15 Loop. 20 NPN.
22 WPS. 23 Faraday. 24 Tone. 25 Notch. 26
Album. 27 Dial. 28 DIN jack. 31 Static. 33 R|

Gain. 35 USB. 37 EOR, 38 VCO.
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741500 1 | (7418166 60 ) 7440 ol Pt % 4818 40 | NESS6A 46 75| 2.000 268 6.144 157 |220n, 12p; 270n, 330n, 330n, 390n, 470n,
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741505 12 |174s17s 40 7404 60 | 4000 10 [J 4583 90 | SO41E 20 | TBB1458 &2 | 3.579 128 8.867 128 | spacing 1uF 400V S0p; 3.33uF 100V 69p; in
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Large range of in stock; also probes,
atTaccmssonaeXuic Al Pro%%%: | RECHARGEABLE CELLS 470/63 45 B2 and/or cur-
PANEL MOUNTING in 50, 100, 500u4; 1, 5, 10, 50, 100, &W&p‘;’ﬁ g::; DI4AH) 410p; PP3 (7.2V) 470/100 73 rent price list.
Highgwl_ahty' Black ABS plastic or die- SRy U il oeich - CHARGERS
cast or stove grey. PP3-NC?5 f5.59N; NC756 £5.58N (an
L D, ABS wol:hpln Stove Gr b range 2T s pairs AA, € or D) NC1230 £9.82N ¥ 2 | SOLDERING IRONS
- 90p 5001 123p | T Range 4
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VERO R J ' ;
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ABS, light grey top; dark grey bottom + 2 anodisad panels 6V60mA 48 Black plastic 8531 make/8633 break 62p; 8225 DPDT
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Foen o 0 2N3B19. 22§ AATIS o | B1908 38 | BC47 09 | BSX26 2 | 0A202 14 | Common 8RB, 10, 22, 47,
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1N4007 08| 2Nsso4  wfAcCiZz 2 | BASTON3 41 BESS0 0| BTI0B 136 | OC33 T5 | MANB4Avellow | 22K, 47K, 100K | 44 13, 1/2, 3/4 wart — all 2p each, 10
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1711 % | 2N6050 380 | AF115 bt BD139 2 | BUZ48 18.94 | TIC206D 64| | PRESEV DISCOUNTS on orders over £23.00 — 5%
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2N2369A 21| 40361DIS AF127 o | 85155 - - BF115 E BUgSA 12.75 LR 5 Preset Cermet 10mm dia. Horiz. or Vert.
2N2484 25| 40362 %] AF2 0 [Bc1788 18 | Briog % | Buzaa 1270 | TTNE @ | Pesseys e N Y 0L P
IN2646 « | 40406 71| AF239 e | BCI7ER 18| er1zs P 3?)1 o R e Plesseyu T moulded carbon 47ohms|  NAL WHEN ORDERING OR
2N2904 28 40408 9% | AF279 2 | pcig2 oo | BEV TR B | G%% ssone | TiPa2 & EADe: WRITNGIN,TOIUS
2N2904A 26 | 40412 08| AFY12Z 204N | pcradl 09 | Braag x| O N | Tieso 7
2N2905A 26 || 40430 100 | AFY16  3ZIN | pcqa3 oo || BF24e8 91 oz ¥ | TIP29s5 86 ELECTROVALUE LTD
2N3053 23| 40594 123 AFY180 30N | gCig3i 09 || arsos 14| Cosas 128Nt | TIPRCSS 85 Head Office, Mail Order Dapt and Shop
2N3054 86 | 40595 123 | AFY18E615N BC184 0 | BF420 3 62 40 | Tis43 50 28E St. Judes Road, Englefieid Green, Egham, Surrey TW20 OHB
guugggg s %g :g‘ :mg “214’: BCIBAL 09 1| Dhaay 3| s 77| ure3 80 Telephone: Egham {STD 0784): London 87) 33603; Telex 264475
- ' i Also in y for D; at:—
angsss 15 (| Ag903 ] AU (uso | BS202Y 120 ; e =] B S e B 680 Burnage Lane, Burnage, Manchester M13 INA
ggggf‘" R4 vitrs & :3,‘,‘2‘;’ 1086 |BC212L 08 | BEss x | E2506 10 | VNGGAE 108 | e Sk Telephone 061-432 4945
B WHAA? 13| Botes  mN [BG213 B lismor N | DIOSS S| MEESAR 12 0 S urmage Lane, Manchester Telephone 061431 4866
| iII' BFR34A 84 E1110 76 | W02 F-] urnage Lane, p
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NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS

Quartz Into
Pint Pot?

he world’s first anajogue
quartz chronograph  wrist-
watch has been introduced

by Seiko. The biggest and most
experienced watch house world-
wide, Seiko is renowned for its in-
novative achievements having
many world firsts to its credit, in-
cluding the recent introduction of
the first television watch (see ET!
Digest, September 82). Until now
quartz chronographs with digital
readouts have been com-
monplace but the introduction of
the Seiko Analogue Quartz
Chronograph is the result of
many years of research and deve-
lopment. It is an achievement
which is thought to be far in ad-
vance of any other watch house.
Four independent micro-step
motors have been successfully
miniaturized into a small wrist-
watch module and it is this fact
that has made possible the
development of this new
analogue quartz chronograph.
Micro technlogy has also played
an important factor in terms of
design; the watch itself is much
thinner than conventional
chronographs with mechanical
movements.

Other impressive technical
features of this new Seiko model
include a chronograph with a
5/100th second capabllitr, a split
time measurement facility, the
ability to record two consecutive
finishes, a tachymeter, and a re-
maining time indicator as well as

a tally counter. All three
chronograph hands go round
once for demonstration pur-

oses, by simpll{v depressing the
uttons. Four different models,
one of which is a Sports 100
watch (water resistant to 100
metres), will be available in the
shops in May. Each model has a
stainless steel case and bracelet
and the range of watches offers a
choice of different colour dials
and prices vary between £110.00
and £140.00 each retail.

Shorts

® Anyone who fancies going back
to school this summer is invited to
attend the 1983 Electronic
Systems Summer School at the
University of Essex. Two courses
are offered, ‘Feedback and Com-
munication Systems’ and ‘Digital
and Computer Systems’. The
school will run from Sunday
evening, 10th July to Friday after-
non, 15th July, and teachers
wishing to obtain further detials
of the courses should contact Mrs
). Mead, Dept. of Electrical
Engineering Science, University
of Essex, Colchester (telephone
0206 862286 ext. 2358).
® Or perhaps you want to find
out more about computer based
training, in which case. you
should contact Sue Punchof Mills
and Allen Communications Ltd,
1-4 Langley Court, Long Acre,
London WC2E 9)Y (telephone
01-240 1307). They’re holding a
one-day course on CBT techni-
gues and uses, followed by.a two-
ay workshop on CBT and prac-
tical design. Dates are 23rd, 24th
dnd 25th of March and the venue
is in Central London.
®Can’'t imagine what’'s come
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OK, that’s fine
— now cough.

over Motorola’s PR people: their
new development system based
on the MC6809 processor, XDOS
operating system and BASIC-M
compiler has been named the
EXORset 100. Nought out of 10
for good taste, gentlemen . . .

@ As usual, we’ve received word
of a number of catalogues this
month: first off is one from
Wavetek Electronics, the test-and
measurement equipment
manufacturers. New products in-
clude a VHF frequency syn-
thesiser, a 3.7-7.6 GHz
microwave signal generator, and
a cross channel spectrum
analyser. Free copies of the
210-page catalogue are available
from Wavetek’s new sales and
service office at Tag Lane, Hare
Hatch, Reading, Berks. RG10 9LT
(telephone 073522 2124).

® OK Industries UK Ltd have pro-
duced the second one; it's a new
16-page full colour brochure
describing the range of Elrack ter-
minal enclosures, lab racks and
computer desks. Lots of the stuff
is 19” rack-sized and, although
constructed to industrial stan-
dards, most products in the range
are suitable for the electronics
amateur. OK Industries are at
Dutton Lane, Eastleigh, Hants
SO5 4AA  (telephone 0703
610944).

® Finally the F.C. Lane Group
have their 1982/83 catalogue out,
which contains pots, fuses,

. resistors, ferrites, and a wide

range of cohnectors and ac-
cessories, plus flat cable. Contact
F.C. Lane Electronics Ltd, Slinfold
Lodge, Horsham, West Sussex;
RH13 7RN (telephone 0403
790661),

@The  Blacksburg Group, Inc
want to encourage as many radio
amateurs and shortwave listeners
as possible to use the newly-
assigned 10 MHz (30 metre)
band. Their Slinky Dipole (good
grief!) can do the job but requires
new tuning information, which
Blacksburg are giving away free to
any Slinky Dipole owner. Simply
send your name, address, and
two International Reply Coupons
for your Tuning Chart. The ad-
dress is PO Box 242, Blacksburg,

Virginia 24060, USA.

® Got nothing booked for May
16-17th this year? Logical Solu-
tions, Inc and Network Con-
ferences are holding a seminar on
the design for testability (what an
awful word) of LSI/VLSI circuits,
including components,
subassemblies and systems. Full
details from Network Con-
ferences Ltd, Printers Mews,
Market Hill, Buckingham, MK18
1JX (telephone 02802 5226).

® Had any wizard wheezes lately?
A new book called ‘“The Practical
Guide for Pepple with a New
Idea’”” will help you through the
jungle that comprises the modern
patent process. It also contains
information -~ about marketing
your idea effectively, choosing
trademarks etc etc. The book is
.available for £5.95 post paid fronr
Laurence Shaw, George House,
George Road, Edgbaston, Birm-
ingham B15 1PG.

®-Dragon 32 and Tandy TRS-80
colour computer owners will be
pleased to hear that a new mon-
thly magazine of USA origins and
dealing exclusively with these
computers. is now available. A
sample copy of ‘’Rainbow’’ can
be obtained by sending £1.95
plus a large 56p SAE to Elkan
Electronics, Freepost, 11 Bury
New Road; Prestwich, Man-
chester M25 6LZ (or ring 061-798
7613 — 24 hour service).

® A new company with an 80%
British shareholding reckons thaf
more than £400 million will be
spent on constructing new cable
TV networks in Britain by next
year. Cable TV Construction Ltd
will act as consultants and ex-
pects to create jobs for several
hundred people.

®If you fancy interfacing your
Commodore 64 or VIC 20 to a
Centronics printer, Wego Com-
puters of 22a High Street,
Caterham, Surrey can sell you the
necessary interface for your serial
port. The device is completely
compatible with the other port
devices such as disc drives and
draws its power from the printer.
The cost is'£79 plus VAT and the

phone number is 0883 49235 if ETI

you want more information.
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5121 SCREWDRIVER SET
6 precision screwdnivers in hinged plastic
case Sizes -08.14.2.24

29and3 8mm £1.78

5131 NUT DRIVER SET

5 precision nul drivers in hinged plastic case
With turning rod

Sizes —3.35 4.4 5and 5mm tLns

5141 TOOL SET

5 precision (nstruments in hinged plastic case
Crosspoint {(Phillips! screwdrivers -

HOand H 1 Hex key wrenches

15 2and2 Smm €1.78

5751 WRENCH SET
5 precision wrenches in funged plaslic case
Sizes —4 .45 5 55and6mm €1.78

BUY ALL FOURSETS 5121-5T51 and ge!
HEX KEY SET FREE

HEX KEY SET ON RING

Sizes 152253

4 5.5 5and 6mm

Made of haraened steel

HX/1 £1.25

SIREN ALARM MODULE
American Police type screamer powered from
any 12-volt supply into & or 8 ohm speaker.
ideal for car burglar alarm, freezer break-
down and other security purposes. BP124 5
watt 12v max — Siren Alarm Module

“Order No
BP124

BI-PAK SOLDER -
DESOLDERKIT

Kit comprises ~ ORDER NO SX80

1 High Quahly 40 walt General Purpose
Lightwerght Soidening tron 240v mains incl
3/16° (4.7mm) bit

1 Quality Desotdering pump. High Suction with
automalic ejection Knuried. anti-Corfoswe
casing and letion nozzle

1 5 metres of De-soldenng braid on piastic
dispenser

2 yds {1.83m) Resin Cored Soider on Card

1 Heat Shunt lool tweezer Type

Total Reta! Value over £12.00

QUR SPECIAL KIT PRICE £8.95

““IRRESISTABLE
RESISTOR BARGAINS"

Pak Mo Description Price
SK10 400 - Mued "Ml Type' Resistors  E1
i Pre-formed %-% watt Carbon

Resislors £l

' watt Carbon Resistors £l

% watt Carbon Resistors fl

Y% watt Resistors 22 ohm

2m2 Mixed

1 and 2 watt Resistors 22

ohm-2m2 Mixed £l
Paks SX12-15 contain a range of Carbon Film Resistors
ol assorted valyes from 22 ohms to 2.2 meg_ Save
pounds on these resistor paks and have a full range to
cover your projects
*Quantities approximate, count by weight.

25 pieces of Audio Plugs, Sockets and Con-
nectors 1o include DIN 180°-240" Inline
36Pin, Speakers, Phono, Jack Stereo

and Monaetc Valued at well over £3normal Order

No. $X25.
Qur Pnce1-500er pak.
Guaranteed to save you money.
SX26 3 Prsof 6 pin 240" DIN Plugs and
Chassis Sockets
SX27A 60 Assorted Polystyrene Bead
Capacltors Type 9500 Series PPD
SX28A 50 Assorted Silver Mica Caps

5.6pF-150pF
SX29A 50 Assorted Silver Mica Caps.
180pF 4
SX30A 50 High Vonage Disc Ceramics 750v
min up to 8KV Assorted useful values £1.00
SX31A 50 Wirewound 9 watt (av 2g) Re5|stors
Assorted values Tohm-12K

"‘ TheThird and
‘l FourthHand...

. you always need
but have never got “until now
This helptut unit with Rod mounted
honzontally on Heavy Base. Crocodile ¢lips
attached to rod ends Six ball & socket joints
give infimle variation and positions through
360° also available allached to Rod a 2'; dam
magnifier giving 2 5 x magnitication Hetping
hand untit available with or without magnifier
Qur Price with magnitier as iliustrated ORDER
NQO T402 £5.50
Without magnifier ORDER NO T400 £4.75

BI-PAK PCB ETCHANT
AND DRILL KIT

Compiete PCB Kit comprises

1 Expo Mini Orill 10.000RPM 12v OC inct 3
coliets & 1 x 1mm Twist bil

1 Sheet PCB Transters 210mm x 150min 3
1 Etch Restst Pen

1 21b pack FERRIC CHLORIOE crystals

3 sheets copper clad board

2 sheets Fibreglass copper clad board
Fuliinstructions for making your own PCB,
poards

Retail Value over £15.00

QUR BI-PAK SPECIAL KIT PRICE £9.75
ORDERNQ. $X81

“"CAPABLE
CAPACITOR PAKS"’

Pak No. Description

sx1é Capacitors Mixed Types

117 Ceramic Capacitors Miniature
Mixed £l

$xis Mixed Ceramics 1pf- S6p! £l

SX19 Mixed Ceramics 68pf-0.5mf  E1

K20 Assorted Polyester/ Polystyrene
Capacitors

| sx2l Mixed C280 type capacilors

metal foil
SX22 Electrolytics, all sorts
$X23 Quahty Electralytics

50 1000mft
SX24 Tantalum Beads, mixed
*Quantities approximate, counl by weight.

BARGAINS

20 x Large .2 REDLED

20 smalf 125 Red LED's

10 Rectangular Green LED's .2

30 Assorted Zener Diodes

250mw-2 watt mixed voltages.

all coded. New

4 Btack Instrument

Knobs—winged with pointer %*

Standard screw. Fit size 29 x

20mm 509

20 Assorted Shder Knobs

Black/Chrome_etc £l

12 Neons and Filament Lamps Low
_voltage and mains — various types

and colours — some panel mounting  E1

$x82
6 Btack Heatsink wiil fit 10-3 and
70-220 Ready dniled. Hall price
value £l
$X53 1 Power finned rieatsink This heatsink
gives the greatest possible heat dissipation
1n the smatlest space owing 1o its unique
staggered hin design. pre drilled
70-3 Size 45mm squarex 20mm high  40p
10-66size 35mmx30mmx12mm. 35p
1 Heat Elficiency Power Finned Heatsink
90mm x 80mm x 35mm High. Drilted to
take up to 4 x
0-3 devices
£1.50 each

PROGRAMMABLE UNIJUNCTION TRANSISTOR

“PUT" case 10106 plastic MEU22 Similar to
2N6027 /6028 PNPN Silicon

Price: 1-9 1049  50-99 100+ Normal Retail
Each:20p1Bp  15p  13p  Price £0.35each

7 ‘Sx33A 6 smalt (i (SOST/SPOT Toggle,

Switches 240v S5amp
SX35A 6 Rocker Switches

250V 24 £l

SX32A 12 Assorted Jack & Phono plugs,

sockets and adaptors, 2.5m.

Smm and standard sizes £1.00

SX71 50 BC108 “Fallouts” Manufac-

turers out of spec on volts or

ain You test

$X72 A mixed bundle of Co (!Jperclad

Board Fibre giass and paper
Single and double sided. A
fantastic bargain

SX38 100 Silicon NPN Transistors—all

BRAND NEW LCD

DISPLAY MULTITESTER.

RE 188m

LCD 10 MEGOHM INPUT IMPEDANCE

*3Y digit * 16 ranges plus hFE test facility lor

PNP and NPN Iransistors *Aufo zero. auto

poiarity *Single-handed. pushbutton

operation *Over range indication * 12 5mm

{2-inch) farge LCD readout * Dioue check

*Fust circud protection *Test feads. battery

and instructions included

Max indication 1999 or ~ 1999

Potarity indication  Negative only
Positive readings appear
without + sign

Input impedance 10 Megohms

Zero adjus! Automatic

Sampling time 250 milliseconds

Temperaiure range — 5°C 10 50°C

Power Supply t x PP3 or equivalent 9V
baltery

Consumption 20mw

Size 155 x 88 x 31mm —

RANGES Ell

DC Vollage 0-209mV

0-2-20-200-1000V Acc: 0.8%

AC Voltage 0-200- 1000V

Acc 1 2% OC Current 0-200uA

0-2-20-200mA.0-10 A Acc ' 2%

Resistance 0-2-20-200K ohms

0-2 Megohms Acc. 1%

BI-PAK VERY LOWEST POSS PRICE
£35.00¢each

LEATHER CASE FOR RE188m £2.50 each

SINGLE SIDED FIBREGLASS
BOARD
Order Mo.  Pieces Size Sq.Ins.  Price
fB1 4 9x2% 100 £1.50
B2 3 1x3* 100 £1.50
FB3 4 1323 156 £200
DOUBLE SIDED FIBREGLASS
BOARD
F34 2 14 x4 110 £2.00

SILICON POWER TRANSISTORS
T03

NPN like 2N3055 — but not full spec
100 watts 50V min.

10 for £1.50 — Very Good Yalue

100s of uses — noduds

Order No. SX90

REGULATED'
{VARIABLE

STABILISED
|POWER suppLY'

f Varable from 2-30 voits and (0.2 Amps Kit inciudes

, 1~ VPS30 Module, 1 — 25 voit 2 amp transformer,
1~ 050v 7’ Panel Meter, 1 — 0-2 amp 2° Panel Meter
1 - 470 ohm wirewound potentiometer, 1 ~ 4K7 ohm
wirewound potentiometer Wiring Diagram l
inclded VPS30-KIT Qu

MORE BARGAINS!

TECASBOTY

The Electronic Components and Semiconductor Bargain of the Year A host of Electronic Calalanoe
components incluging potentiometers — rotary and slider. presets — horizontal and vertical va

Resistors ol mixed values 220hms to 2M2 — 1/8 10 2 Watt A comprehensive ange of B ;%0 %n{l;ggﬂ gg‘gey?n'}igﬁ;s; SX51 60 metres PVC covered Hook-up
capacilors including etectrolytic and polyester types plus disc ceramics etcetera. wng data and eqvt. sheet. la wire single and stranded. Mixed
Audio plugs and sockets of various types plus swilches, fuses, heatsinks, wire. nuts/bolts, rejects. Fantastic value. £3.00 SXs8 colours.

gromets. cable clips and tyes. knobs and P C. Board. Then aod to that 100 Semiconductors T Bl bnown Fowe? Tan et 1 the gzlffe‘:";‘fglgké;oms 7400
toinclude transistors, diodes, SCR's opto's, all of which are current everyday usable devices World — 2N3055 NPN 115w SX59 10 Assorted flip Flops and MSI
in aH a Fantastic Parcei. No rubbish all identifiable and valued in current catalogues al well Our BI-PAX Special Offer Price: T
wer £25.00. Our Fight Against infiation  Price — off 50 oft 100 oft SX60 20 Assorted Stider

il e Buel (1 )T 06 5. - E1600PN 2000 SXG2 00 hesarec b Sets Hor /vert

Down with Depressxon
0/No. SXB5 80312 COMPLIMENTARY PNP POWER etc.
TRANSISTORS: TO 2N3055. SX78 10 Reed Switches — glass type

Equivalent MJ2955 — B0312 — T03 3 Micro Switches — with ever
SPECIAL mcm 7o wch 1S

Send your arders to Dept. ETI4 BI-PAK PO BOX 6, WARE, HERTS.
SHOP AT 3BALDOCK ST., WARE, HERTS.

TERMS, CASH WiTH ORDER, SAME DAV DESPATCH, ACCESS
BARCLAYCARD ALSO ACCEPTED. TEL (09201 3182, GIRO 388 7006
ADD 15% VAT AND 75p PER ORDER POSTAGE AND PACKING

perfect Coded mixed b}mes with
data and eqvl sheet. re]ects

Use your ¢redit card Ring us on Ware 3187 NOW and
get rout ovder even taster Goods noimally sent 2ng
Class Ma

Remember you musl add VAl at 19 o your order
ol Postage add 75p se1 lotal tde-
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TRIACS — PLASTIC

4 AMP — 400v — T0202 - TAG 136D
1 OFF 10 OFF 50 OFF 100 OFF
40p £3.75 £17.50 £30.00
8 AMP 400v — T0220 — TAG 425

§0p £5.75 £27.50 £50.00

SLIDER POTENTIOMETERS

Plasuc 40mm Travel Mono All AT
SX63 51 470 obme U gygpg 147k 1n  §)

SX84 5« 1k Lin SX885 « 47k log PE PAK
SX65 5 x 22k Lin $X6965 « 100k Lin

SX68 5 « 22k Log SX706 | meg Lin

SX40 250 Silicon Diodes—Switching like
IN4148 DO-35. All good—uncoded. Worth
doubleoui price 45¢75mA £1.25

SX41 250 Silicon Diodes—General Purpose, like
0A200/202. BAX13/16. Uncoded.

30-100v200mA DO-7 £1.25

OPTO 7-Segment Displays
Brand New 1st Quality
LITRONIX DL 707R 14-pin
Red 0.3 Common Anode Display 0-9
with right hand decimal point TTL
compatible 5v DC Supply. Data supplied.
5 pieces £3  (60p each)

IN 10 pieces £5  (50p each)
PACKS 50 pieces £20 {40p each)
OF 100 pieces £35 (35p each}

1,000 pieces £300 {30p each}
THE MORE YOU BUY —
THE LESS YOU PAY!

BI-PAK'S OPTO 83 SPECIAL

A selection of Large & Small size LED's in Red
Green, Yellow and Clear, plus shaped devices
of different types. 7 Segment displays, photo
transistors, emitters and detectors.

Types like MEL11, FPT100 etc. Plus Cadmium
Cell ORP12 and germ. photo  transistor
OCP71. TOTAL OF 2 PIECES

O/N0 SX57A
Valued - Normal Retail £12.00

<= 450

1 Amp SILICON RECTIFIERS
Glass Type similas tN400O SERIES IN4DO1-IN4DO4
50 — 500v — uncoo.d — you select tor VLTS
ALL pertect devices — NO duds Min 50v

50 tor £1.00 — worth double ORDER NO SX76

Silicon General Purpose NPN Transitors T0-18 Case 3
Lock hi leads — coded CV7644 Similar to BC147 5
— BC107- 7189 ALL NEW! VCE 70v IC500mA
Hie 75-250 50 ot 100 off 500 oft 101110"s
PRICE: £2.00 £3.80 £17.50 £30.00 =

Silicon General Purpose PNP Teansistors T0-5 Case
Lock Iit leads coded CV3507 similar ZN2905A to
BFX30 VC 60 IC 600mA Min Hie 50 ALL NEW!
S50of 100 0ft  5000# 1000 off
PRICE :2 50 £4.00 £19 00 £35.00
der as V9507

BA NUT DRIVER SET
Set of 5 BA spannes shafts plus universal handie in roll-up
wallet. Sizes 0 BA 2-4-6-8 BA. Order No T182

Miniature round nose side culters
Y

insulated handles 4'anch length Order FLEXEY ORIVER

No Y043

A fiexible shat screwdiver for those awkward 10 get a1 screws Overall
Miniatyre long nose phers - insulated Ipngih 8%nch Order Na FS-1 Flat blade Amm £S-2 Cross poini no 1 £1.75  swch.
handles 5%zinch iength. Order No Y044
Mingore bend nose plers  insulated )
handies S¥inch fength Order No Y045 / i"‘((_@ﬁm%— .

NEON SCREWDRIVER

73in blade no NS1 0.88p sach

540 blade no NS2 0.50p sach

GRIP-ORIVER i
M“""“‘" end nipers - insulated handles Binch long screwdnver wih spring loaded gep on R
4
ainch lengrh. Order No-YO4E - = end 10 hold screws 1n position while reacting intg e Satistaction or your money back has
those ditcult places Order No S0-1 Flar biade 4mm G ARAN
Minature sipe nose phers wih sife ALL AT $0-2 Cross pont 1o 95p sach always been BI-PAK's GU TEE and 1t still 15
cutter and senated jaws - slated INEXPENSIVE TODLS OF IMMENSE VALUE All these Sale items are in stock, 1n quantity ang
fandles Sunch length Ordes NoY042 1 25 Combimed we Siper, cutter, crmper 1ncl 25 asst we will despatch the same day as your
All with insulated handles ssch terminals for camping Order No WS2 Cur low price. £1.20 sach. order 1s recewed

IC SOCKETS
The lowest price ever.

The more you buy the cheaper they come!
Pin 10 offt 50 off 100 off
8 pin 86p £350 £8.00
14pin 90p £3.75 £8.50
Bpin  9%p 400 (7,
28 pin £250 £1.00 £20,

EXPERIMENTOR Plastic Boxes
BOXES - ALUMINIUM - oloured Black Ciose fiting

Flanged Lid. fixing screws into brass bushes.
4 PLASTIC SZE'L W H  OrderNo.  Price

- ALUMINIUM BOXES 4 2 141 £1.00
Made with Bright Atuminium folded 4% 2% 1% 143 £1.30
g construction with deep hid and screws 6 3% 2 144 £1.80
'SIZE*L W H  OrderNo. Price Plastic as above but with aluminium top danel
5% 2% 1% 159 e3p 4 2% 1 146 £1.40
4 2% 1% 161 83p Plastic sioptng from

88

VOLTAGE REGULATORS

4 2% 2 163 83p 5% 4% 2% 5 A alhe it
3 2 1 164 87 ositive egative

8 6 3 166 n.:a ,s(:m T0220 7805 - 56p 7905 - 55
6 4 2 167 £1.12 7812 -50p 7912 - 55p

7815-50p 7915 - 55p
1824 —50p 7924 — 55p

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

Universal Ni-Cad ballery charger Afl plastic
case with lift up lid. Charge/Test swiich LED
indicators al each ol the five charging points
Charges Power

PP3 {3V} 220-240V AC
U12(1.5V peniite)  Dims

Ut sv gy 210 x 100 x 50mm
u2(15v0) £6.95

POWER SUPPLY 0URPRICE £3.25
Power supply its drrecity into 13 amp sockel
Fused for satety Polarity reversi ng socket
Voltage switch Lead wilh muiti plug

Input — 240V AC 50HZ Output -3 45 6
75.9812v0C Rating -300ma  Mw88

Guaranteed Vatue over £10 at Normal Retail Price

H Yours Dataetc. n ‘
& for 4 . o o every pak, i
< anly Order No SX5F 2
' , , 7 \Lf)] '

Sllicon NPN'L’ TypeTransitors “  DIGITAL VOLT METER MODULE
TD-92 Plastic centre collector / L 3 x 7 segment displays Basic Crcuit B- vt
Like BC182L — 183L — 184L instructiens provided to extend voltage b current
VCBO 45 VCEQ 30 IC200mA Hie 100-400 |« k ranges Operating voltage 9-12V

ALL perfect devices — uncoded ORDER AS SX1831 Typ. Power Consumpuon 50mA

50 oft 100 off 500 oft 1000 oft 0/NO $X99 Qnce anly prce
£1.50 £2.50 £10.00 £17.00 : £9.95

PNP SILICON TRANSISTORS:
Similar ZTX500 — ZTX214 — E-Line
VCED 40 VCBO 35 Ic 300mA Hie 50-400

A

SILICON BRIDGE
RECTIFIERS

Comprising 4 x 1§ amp

rectifiars mounted on PCB
b+

VRM — 150vits  ©

IFM — 1.5Amps $——

Size: 1 inch square

-
L

- >

ELECTRONIC SIREN™12v OC
Red plaste case with adjustable luing
brarker Emits high-piiched wailing nole ol

} ——mi

it

varying pitch - 100 cyctes per minute 10 off £1.00
Brand New — Uncoded — Pelect Devices Dims - 30mm i | 50 off  £4.50
500ff 1000 500 off 1000 of il 100 off  £7.50

Order No. As: 4RI BRect.
5200 £350 £15.00 £25.00 Our Price:- £5.500 rder No. As ec

: MULTITESTERS
l 1,000 opv Including test leads & Baitery. 30,000 opv. Including test teads and case. INTRUSION EDGE CONNECTORS 3
1 | AC volts:- 0-15-150-500-1,000. AC volts:- 0.2.5+10-25-109-250-500-1,000 ;gr SINCI-A;':or :
P 0C volis:- 0-15-150-500-1,000 OC volts:+ 0-0.25-1-2.5-10-25-100-250-1,000. ALARM m*;ﬂé;sgée“c"
A X DC currents:- 0-1ma-150ma. OC current:- 0-50ua 0-5ma-50ma 0-1Zamps. .
’ Resistance:- 0-6K ohms-70K ohms-6meg ohms- e m%’?;ms":z 28-way as used for Specuum £2.25 each

M |Resistance:- 0-2.5 K ohms 100 K ohms
- % Dims:- 90 x 61 x 30mm

.0/N0.1322.0UR PRICE £6.50 ONLY

DOME TWEETER

Dome Tweeter for systems up 10 50W. Impedence 8
ohms, Frequency Response 2000-20000Hz. Dims
98mm dia x 31mm deep.

OUR PRICE £2.85 0/No. DMT200
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before your door Is
opened. Just hang
on the Inside door
knob — alarm ls ac-
tivated as soon as
the outside door
knob is touched.

ONLY

£3.95

60meg chms

Oecibels:- -20db to pius 56db

Short test:- Internal buzzer

Dims.- 160 x 110 x 50mm

0/No. 1315. OUR PRICE
ONLY £24.75

RATCHET SCREWDRIVER KIT
Comprises 2 standard screwdriver blades 5
and 7mm size. 2-cross point, sizes 4 and 6. 1
Ratchet handle. 5-in-1 Kit £1,45 each O/No.
3298.

40 amp Silicon Rects. 300PIV, TO48 STUD.
65p each. 5 for £1.

= ders to Dept. HE3. BI-PAK PO BOX 6 WARE HERTS Use your credit card Ring us on Ware 3182 NOW and
Send your orders to Dept. -y P 5 y
SHOP AT3 BALDOCK ST.. WARE. HERTS. Eel yn: ol'ﬂel even laster Goods’normally sent 2ad
TERMS: CASH WITH ORDER. SAME DAY DESPATCH. ACCESS. S

BARCLAYCARD ALSO ACCEPTED. TEL. (09201 3182. GIRO 338 7006 Remember:you mus add VAT a1 15% 1o your ordes
Add 15% VAT AND 50p PER ORDER POSTAGE AND PACKING 5 fotal. Pastage add 50p per Total orde
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There have been a great many commercial and hobbyist designs
for ZX81 peripherals, but we feel this one is something special.
Full software listings will be given to help you use the board and
the price is low. Design and development by M. P. Moore.

ive your space invaders

program real ‘zapp’ — this

add-on board enables you to
hear those little green monsters
being blasted away. Plug in the
board, load the software cassette,
and with two instructions you have
a wide range of on-board sounds for
your computer games; Or you can
copy music for your ZX81 to play,
or devise your own sound effects
for use in your own programs. You
can also mix your own sound
effects with the on-board sounds if
you wish.

The unit is a sound generator
with a fusible-link memory
programmed with sounds varying
from gunshots to spaceships, and
with a basic octave of notes from
which a range of seven or more
octaves of music is obtained. When

used with the software supplied it
will bring ZX81 games to life with
startling realism. The board will
produce sounds with the basic 1K
ZX81 but its full potential is realised
with a 16K expansion, when the
music program can provide a
completely new use for those who
are wondering what to do with their
ZX81 now they have it.

A complete kit of parts is
available (see Buylines), which
also includes a comprehensive
user’s manual and software cassette.
A demonstration cassette containing
on-board sounds and music
generated by the add-on sound
board is available at an all-inclusive
price of 95p. Petron Electronics
have been good enough to grant us
permission to publish both their
PCB design and the complete

software listings, including the
PROM hex dump, to satisfy those
diehard readers who insist on doing
everything themselves. However,
given the low price of Petron’s kit,
which contains all the hardware
required plus documentation, we
think that this is the best way to go
for cost-effectiveness, ease of
construction and convenience.

Construction

All components in the circuit
are mounted on a single-sided PCB
(see overlay): IC sockets are
supplied for all ICs. Two screened
leads provide the connection from
the PCB to your amplifier; all other
connections to the board are made
via an edge connector which plugs
straight into the back of the ZX81

£

.é'. m "
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The ZX81 music and sound effects board, like most other ZX peripherals, plugs directly into the computer.
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> LEFT
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Fig. 1 Component overlay for the ZX81 sound board.

PARTS LIST ‘

Resistors (all W, 5%)

1, 1k2
Capacitors
C1,2 100u 16 V axial

electrolytic

C3, 4 100n polyester
Semiconductors
IC1 AY-3-8910
1C2 741593
1C3 74C20
1IC4 74C32
1C5 74C02
1Cé TBP28L22N

Miscellaneous
PCB; edge connector; IC sockets; two off
phono plugs; 2 m of screened cable.

BUYLINES

Petron Electronics supply a full kit of
parts for the project. Tge kit includes the
PCB and all components, and comes
complete with a comprehensive user’s
manual and software cassette. The kit

board is also available ready-built,
together with manual and cassette, for
£29.95. A demonstration cassette is
available for 95p all inclusive. The
manual may be purchased separately for
£1.25, refunde(r upon subsequent pur-
chase of a kit. Petron Electronics may be
found at 1 Courtlands Road, Newton
Abbot, Devon.

“(or 16K RAM pack if used).

First of all solder the six IC
sockets and then the six links: some
of these are close to each other or
to other components and the use of
insulated wire is recommended.
Now solder resistors R1 and R2 —
these resistors can be of any value
between 1k0 and 1k8. Solder the
electrolytic capacitors C1 and C2,
taking care to mount them the right
way round (see overlay), and then
capacitors C3 and C4. Finally,
carefully insert and solder the edge
connector leaving a gap of
approximately 7 mm between the
connector and the PCB. The pin
corresponding to 9 V on the
connector is not required and, for
safety purposes, has been cut. Now
carefully check all your soldered
joints, preferably with a magnifying
glass, and make sure that there are
no bridges across any of the tracks.

If the board is to be used with a
stereo amplifier, cut the length of
screened cable supplied in half and
solder the inner cores to one end to
the left and right outputs, and
connect the outer cores (screen) to
the point marked GND. Take care to
insulate these wires so that they will
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not short across other component
leads. If you wish to use the board
with a mono amplifier, connect a
wire link between the two outputs
and to this link connect the inner
core of one of end of the screened
cable, taking the screen to 0 V and
insulating the cable as before.
Connect the phono plugs (or one of
them if you are using a mono
amplifier) to the other end of the
screened cable.

Now, carefully checking the
orientation of the ICs, insert them
into the IC sockets. Note that 1C2
and IC6 are mounted in the
opposite direction to the other ICs.
With your ZX81 switched off,
carefully plug the board into the
back of the ZX81. If you have a 16K
RAM pack, plug this on first: the
sound board will plug onto the back
of your RAM pack. Switch on your
ZX81 and wait for the inverse K
prompt to appear on your screen.

On-Board Sound Program

This program enables you to
include the on-board sounds listed
in Table 2 in your own programs.
To use these sounds all you have to
do is to load the first short program

from the software cassette and
connect up your amplifier, keeping
the volume fairly low. The following
program will allow you to review
the range of principal on-board
sounds available before
incorporating them in your own
programs.

10 PRINT “SOUND NO.?”’

20 INPUT §

30 POKE 16531,S

40 RAND USR 16514

50 CLS

60 GOTO:10
In order to run this program type
GOTO 10. *

The computer will now ask you the
number of the sound you wish to
hear: SOUND NO. ? As an
example, type 153 NEWLINE. The
computer will repeat this question
after each sound. A continous
sound (eg helicopter) must be
silenced by typing O or another
sound number.

In order to use these sounds in
your own programs, enter your
program without altering line 1 of
program ““S”’. At each point in your
program where you require a sound
to be generated, you simply include
the following program lines:- ‘

17
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HOW IT WORKS __

Close-up of the prototype board.

TABLE 1
BC1 BDIR FUNCTION
o o INACTIVE
0 1 WRITE TO PSG
1 0 READ FROM PSG
1 1 LATCH ADDRESS

00 00 00 00 00 00 00 0O
00 00 00 00 00 00 1F 07
10 10 10 FF 28 09 69 00
00 38 00 00 10 FF 32 08
96 02 C8 02 64 02 OF 00
10 10 10 3C 00 08 00 32
03 OF 00 10 10 10 3C 00
08 07 10 10 10 FF 05 Q9
07 08 10 10 96 03 08 07
10 00 10 FF OC OF BE 00
BE 00 BE 00 00 38 10 1C
10 00 01 09 5F 00 5F 00
5 00 00 38 10 10 10 00
01 09 2F 00 2F 00 2F 00
00 38 10 10 10 00 01 09
17 00 17 00 17 00 00 OO0
10 10 10 00 03 09 19 00
32 00 41 00 1E 00 OA OA
OA 6E 00 6E 00 00 00 09
10 0C OF 10 9 03 08 1F
07 10 10 10 FF 64 09 5A
01 5A 01 5A 01 00 38 OF
OF OF 05 01 05 01 05 O
00 38 10 10 10 00 19 Q9
FA 03 00 00 03 05 10 OA
10 FF 01 0C A0 01 64 OI
96 00 OF 30 10 10 10 32
02 09 FF 3F 10 10 10 FF
32 08 5C OF 70 OE AO OD
DC 0C 28 0C 28 0C 68 0B
D2 0OA 46 O0A 9A 09 22 09
22 09 A0 08 28 08 AE 07

POKE 16531, x
RAND USR 16514

where x is the number of the
sound required from table 2.

The sound POKEd to 16531

IC6 is a fusible-link read-only memory
(PROM) programmed with the data for
all the on-board sounds and a basic oc-
tave of notes for music. This memory is
accessed through the ports on IC1.

IC1 is a programmable sound
generator (PSG), an AY-3-8910 which
can be ?rogrammed to generate a wide
range of sounds. Once data is written to
this chip it produces and maintains the
sound without continuous CPU
maintenance, thus making it ideal for
use with computer programs.

The PSG has three analogue outputs:
outputs A and B are connected directly
together and, via C1, connect to one
channel of your amplifier; output C is
connected via C2 to the other amplifier
channel. The board will, therefore, give
a dual image effect when used with a
stereo amplifier. If you wish to use a
mono amplifier, the analogue output C
is connected directly to A and B.

IC3 and 1C4a are used as an address
decoder: the output of 1C4a will be logic
0 when address lines A0, A1 and A4 - A7
are 1; M1 must also be logic 1. IC4b is
used to provide a chip select signal for
the PSG only when the Input/Output re-
quest (TGR_&S is at logic 0. Thus the out-
put of IC4b will be 0 only when a read or
write operation on the PSG is to be per-
formed. Whenever the output of 1C4b is

__ _EPROM DATA _

remains the same until changed.
Therefore, if you wish to repeat the
same sound, there is no need to
repeat POKE 16531,x — all you
need to do is repeat the line RAND
USR 16514.

Fast repetition of single sounds
can be used to give a different
effect. For example, the following
program uses the rifle shot (sound
50) to generate a machine gun
sound:

70  POKE 16531,50

75 FORD=1TO 40

80 RAND USR 16514

85 PAUSE 1

90 NEXT D
Now type GOTO 70 and the
computer will generate a burst of
machine gun fire.

Table 2 gives the principal
sounds that may be obtained, but
there are many other interesting
sounds which you can find by
experimenting with other numbers

logic 1, the outputs of IC5c and IC5d will
be 0, BC1 aand and BDIR will both be 0,
and the PSG will be in the inactive state:
see Table 2. (Since whenever it is
deselected the ‘inact’ signal is sent, it is
not necessary for the ZX81 program to
send ‘inact’ to the PSG.)

1IC5a and IC5b are used, together
with 1C5¢ and IC5d, to provide the
necessary combinations of 0 and 1 for
BC1 and BDIR. The output of IC4c
drives the fusible-link PROM chip select
input: this is to minimise the possibility
of data bus contention between the PSG
and the PROM should PSG port D ac-
cidentally be programmed as an output
port, since 1C4c output will only be 0
during a PSG read cycle.

The maximum clock frequency to the
PSG is 2 MHz. IC2 is a low power Schot-
tky version of the 7493 counter and is
used here to divide the ZX81 clock fre-
quency by 2.

Next month we will conclude this
project by giving full listings and
explanations of software to play up
to 833 chords of music; to dpevise
your own sound effects; and to
mix your effects with the on-board

__PROGRAM ‘S _

1 REM (Our machine code).

Machine code at line 1:

3k 07 D3 FF 3E 78 D3 F7
21 B4 40 E5 01 FB OF C5
16 xx 3E OE D3 FF 7A D3
F7 14 3t OF D3 FF ED A2
20 FO C1 E1 16 00 7A D3
FF S5E 7B D3 F7 14 10 F5
C9 xx Xx XX XX XX XX XX
XX XX XX XX XX XX * XX

not listed in this table. TABLEOUZ“dS-

Sound N  Description Continuous? | Sound N Description Continuous?
0 Silence = 92 Mid blip No
8 Cannon fire No 106 High blip No
9 Pistol shot No 204 Musical blip No
50 Rifle shot No 57 Steam engine Yes
64 Missile No 145 Steam engine with whistle Yes
18 Sonar Yes 167 Train horn lower note Yes
153 Explosion No 178 Train horn upper note No
190 Helicopter Yes 32 Propellor aeroplane Yes
28 Fog horn Yes 39 Jet plane on the ground Yes
29 Fog horn Yes 134 Jet plane flying Yes
21 Compressor Yes 52 Mechanical hammer Yes
99 Waterfall Yes 49 UFO Yes
101 Waterfall Yes 131 UFO Yes
121 Low bong No 213 UFO Yes
33 Mid bong No 214 UFO No
45 High bong No 231 UFO Yes

78 Low blip No

18
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PROJECT: ZX81 Music Board
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Fig. 2 Complete circuit diagram for the ZX81 sound board.
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The 2001 sweeps the board
atonly

£110*

Get all the waveforms you need -1 Hz to-1 MHz in five
overlapping ranges: stable, low-distortion sine waves,
fast rise/fail-time square waves, high linearity

~. triangle waves — even a separate TTL square
wave output. Plus high- and low-level

main outputs.

An applied DC Voltage at the Sweep input
can shift the 2001’s frequency: or sweep

up to 100: 1 with an AC signal.

A pushbutton activates the DC Offset controi,
which shifts the output waveform up

or down on command.

For value for money the 2001 sweeps the rest off the board.
For immediate action — The G.S.C. 24 hour, 5 day a week service

Tel: (0799) 21682 and give us your Access, American Express, Barclaycard
number and your order will be in the post immediately or just clip out the coupon.
Goods despatched within 48 hours.

*price excluding P&P and 15% VAT
GLOBAL SPECIALTIES CORPORATION r-Gk;'- - -

Specialities Corporation {UK} Limited Dept. st

Unit 1, Shire Hall Industrial Estate, Saffron Walden, Essex CB11 3AQ

IR LT
lkModel 2001 Sweepable | £129.95 (inc. P&P ! Qnty | 4‘ For FREE catalogue l

Function Generator i and 15% VAT) 1 Reqd. tick box l
G.S.C. (UK.) Limited, Dept. Name. Adaress. o
Unit 1, Shire Hill Industrial Estate, I enclose POICheque fOr €. ... . .« .. o or debit my
Saffron Walden, Essex CB11 3AQ Barclaycard/Access/American ExpressNO ... ... ... .. .. exp date . L
- D Gy Sk GEn Gy I G A ED Gl GEny GlEp e

Tel: Saffron Walden (0799) 21682 Telex: 817477
9HH
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MULLARD SPEAKER KITS !

Purposefuily designed 40 watt R.M.S. and 30
watt R.M.S. 8 ohm speaker systems recently )
developed by MULLARD'S specislist team in
Belglum. Kits comprise Mullard woofer (8" or
{  57) with foam surround and aluminium voice coil.
Mullard 3 high power domed tweeter. B.K.E.
built and tested crossover based on Mullard
circuit, combining iow loss P , glass
fibre board and recessed loudspeaker terminals.
SUPERB SOUNDS AT LOW COST. Kits supplied
in polysty packs with if ions.
8" 40W system — recommended cabinet size 240
x 216 x 445mm
Price £14.90 each + £200 P & P.
6 30W system — recommended cabinet size
160 x 175 x 295mm
Price £13.90 sach + £150 P8 P.

Designer approved flat pack cabinet kits,
including grii fabric. Can be finished with fron on
veneer or self adhesive vinyl etc. p
8 system cabinet kit £8.00 sach + £2.50 P & P.
5° system cabinet kit £7.00 sach + £2.00 P & P.

STEREQ CASSETTE TAPE OECK MODULE.
Comprising of a top panet and tape mechanism coupled to
a record/play back printed board assembly. Supplied as
one plete unit for hori ir ion into cabinet or
console of own choice. These units are brand new, ready
buitt and tested.

Features: Three digit tape counter. Autostop. Six piano
type keys, record, rewind, fast forward, play, stop and
eject. Automatic record level control. Main inputs plus
secondary inputs for stereo microphones. input
Sensitivity: 100mV to 2V. input Impedance: 68K.
Output laveli: 400mV to both left and right hand
channels. Qutput Impedance: 10K, Signal to noise
ratlo: 45d8. Wow and flutter: 0.1%. Power Supply
requirements: 18V DC at 300mA. Connections: The
left and right hand stereo inputs and outputs are via
individual screened leads, all terminated with phono plugs
{phono sockets provided). Dimensions: Top panel 5%in
x 11kin. Clearance required under top panel 2}in.
Supplied complete with circuit diagram and connecting
diagram. Attractive black and silver finish.

Price £28.70 + £2.50 postage and packing.
Supplementary parts for 18V D.C. power supply
ga;osformer, bridge rectifier and smoothing capacitor)

LOUDSPEAKERS
15 100 watt RM.S. (HI-Fl, P.A., DISCO,
BASS GUITAR) Die cast chassis, 2"
aluminim voice coil, white cone with
aluminium centre dome. 8 ohm imp., Res.
Freq. 20Hz., Freq. Resp. to 2.5KHz., Sens.
97dB {As photograph). Price: £32.00 +
£3 carriage.
12” 100 watt R.M.S. (HI-FI} Die cast
chassis. 2’ aluminium voice coil. Black
cone. 8 ohm imp., Res. Freq. 20Hz., Freq.
Resp. to 4.5KHz. Sens. 95dB. (As
photograph). Price: £23.50 + £3 carriage.
g 50 watt RM.S. (HI-FI, P.A) 1%"
aluminium voice coil. White cone. 8 ohm
imp. Res. Freq. 40Hz., Freq. Resp. to 6KHz.
Sens. 92dB. Also available with black cone
fitted with black metal protective grille. (As
photograph). Price: White Cone £8.90,
Black cone/grille £9.50 P&P £1.25.
12" 85 watt R.M.S. McKENZIE C1285GP (LEAD GUITAR, KEYBOARD, DISCO) 2*
aluminium voice coil, aluminium centre dome, 8 ochm imp., Res. Freq. 45Hz., Freq.
Resp. to 6.5KHz., Sens. 98dB. Price: £22.00 + £3 carriage.
12 86 watt R.M.S. McKENZIE C1286TC (P.A., DISCO) 2" aluminium voice coil. Twin
cone. Bohm imp.. Res. Freq. 45HZ., Freq. Resp. to 14KHz. Price £22 + f3 carriage.
15" 150 watt R.M.S. McKENZIE C16 (BASS GUITAR, P.A.) 3" aluminium voice coil.
Die cast chassis. 8 ohm imp., Res. Freq. 40Hz., Freq. Resp. to 4KHz. Price: £47 + 4
carriage.
PIEZO ELECTRIC TWEETERS MOTOROLA
Join the Piezo revolution. The low dynamic mass (no voice coil) of a
Piezo tweeter produces an improved transient response with a lower
distortion level than ordinary dynamic tweeters. As a crossover is not
required these units can be added to existing speaker systems of up
to 100 watts (more if 2 put in series). FREE EXPLANATORY LEAFLETS
SUPPLIED WITH EACH TWEETER.

TYPE ‘A’ (KSN2036A) 3" round with protective
wire mesh, ideal for bookshelf and medium
sized Hi-fi speakers. Price £3.45 each.

TYPE ‘B’ (KSN1005A) 3% super horn. For
general purpose speakers, disco and P.A.
systems etc. Price £4.35 each.

TYPE ‘C’' (KSN6016A} 2" x 5 wide dispersion
horn. For quality Hi-fi systems and quality
discos etc. Price £5.45 each.

TYPE ‘D' {KSN1025A)2"" » 6" wide dispersion
horn. Upper frequency response retained
extending down to mid range (2KHz}. Suitable
for high quality Hi-fi sysiems and quality
discos. Price £6.90 each.

TYPE 'E’' (KSN1038A} 3% " horn tweeter with
attractive silver finish trim. Suitabte for Hi-fi
monitor systems etc. Price £4.35 each.

TYPE 'F' (KSN1057A) Cased version of type
‘E’. Free standing satellite tweeter. Perfect
add on tweeter tor conventional loudspeaker
systems. Price £10.75 each.

P&P 20p ea. (or SAE for Piezo leaflets).

S

TYPE 'E

tested, employing 10in B
tweeter. Spec: 80 watts

pounds.

1K.WATT SLIDE DIMMER

® Controts loads up to 1KW
® Compact size

4% x 1_3” x2%"
16

Easy snap in fixing through

panel/cabinet cut out

Insulated plastic case

Full wave control using 8amp

triac

® Conforms 1o BS800

@ Suitable for both resistance
and inductive loads

Innumerable applications in

industry, the home, and discos/

theatres etc

Price: £11.70 each + 50p P&P

{Any quantity)

BSR P256 TURNTABLE
P256 turntable chassis ® S shaped tone arm
® Belt driven @ Aluminium platier @
Precision calibrated counter balance ® Ani-
skate (bias device) ® Damped cueing lever
® 240 voh AC operation {Hz) @ Cut-out
template supplied ® Completely manual arm
This deck has a compietely manual arm and s
designed primarily for disco and studio use
where all the advantages of a manual arm are
required.
Price: £28.50 + £2.50 P&P

M PUWER AMPLIFIER MODULES

Matching 3-way loudspeakers

'and crossover

Build a quality 60watt RMS system 8ohms
Build a quality 60 watt R.M.S. system.
* 10" Woofer 35Hz-4 . 5KHz

* 3" Tweeter 2,.5KHz-19KHz

* 5% Mid Range 600Hz-8KHz

+ 3-way crossover 6dB/oct 1.3 and 6KHz
Recommended Cab-size/26” x 13”7 x 1
Fitted with attractive cast aluminium fixing es-
cutcheons and mesh prolective grills which are
removable enabling a unique choice of cabinet
styling. Can be mounted directly on to baffle
with or without conventional speaker fabrics
All three units have aluminium centre domes
and rolled foam surround. Crossover com
bines spring-loaded loudspeaker terminals and
recessed mounting pane!
Price £22.00 per kit + £2.50 postage and pack
inq. Available separately. prices onrequest

12 80 watt RM.S. loudspeaker.

A superb general purpose twin cone loud

speaker. 50 oz. magnet. 2 aluminium
voice coil. Rolled surround Resonant fre

quency 26Hz. Frequency response 10
13KHz. Sensitivity 95dB. impedance 8ohm.
Attractive blue cone with aluminium
centre dome.

Price £17.99 each + £3.00 P&P.

“- B.K. ELECTRONICS

37 Whitehouse Meadows, Eastwood, Leigh-on-Sea, Essex SS95TY
# SAE for current lists. % Official orders welcome. % All prices include VAT. % Mail order only. % All items packed (where
applicable) in special energy absorbing PU foam. Callers welcome by prior appointment,

e

[M) 80 LOUDSPEAKER

The very bast In quality and value. Ported
tuned cabinet in hardwearing black vynide with
protective comers and carry handle. Buitt and

20KHz; Size: 20in x 15in x 12in; Weight: 30

Price: £48.00 each. £30 per pair
Carriage: £6 sach. £7 per pair

please phone 0702-527572.
e ————d

BK ELECTRONICS
Prompt Deliveries
VAT inclusive
prices
Audio Equipment
Test Equipment
by
Thandar
and

ritish driver and Piezo
RMS; 8 ohms; 45Hz-

__KEYBOA
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MEMBRANE KEYBOARDS
manufactured from a tough poly-
carbonate film mounted on 1mm
glass fibre printed circuit board
assermnbly incorporating silver plated

way numeric keyboard
Standard keyboard providing 0-9
and A-F functions. —
Size: 100mm x 100mm x 2mm. Price: £5.98 + 3p pbp
Alpha Numeric Keyboard Furl size 56
key non encoded keyboard with the
commonly required functions in a
Qwerty armay. Matrix output via a 16 pin
DIL socket.

Size: 360mm x 100mm x 2mm. Price: £13.99 + 50p pbp

100 WATT R.M.S. AND 300 WATT R.M.S.
MODULES

Power Amplifier Modules with integral toroidal r
transformer power supply, and heat sink. Supplied

as one complete built and tested unit. Can be fitted
in minutes. An LED Vu meter is available as an
optional extra.

SPECIFICATION:
Max Output Power: 110 watts R.M.S. {(OMP 100)
310 watts R.M.S. (OMP 300}
Loads: Open and short circuit proof. 4-16 ohms.
Frequency Response: 20Hz — 25KHz +3dB.
Sensitivity for Max. Output:
500mV at 10K {OMP 100)
T.H.D.: Less than 0.1%
Supply: 240V 50Hz
Sizes: OMP 100 360 x 115 x 72mm
OMP 300 460 x 153 x 66mm
Prices: OMP 100 £31.50 each + £2.00 P&P
OMP 300 £89.00 each + £3.00 P&P
Vu Meter £6.50 each + 50p P&P

1V at 10K {OMP 300)

3
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Manchester Home Computer Show
| MIDLAND HOTEL
April 21/22/23

Your diary dates are: Sponsored jointly by:
Brighton Personal Computing Today
Birmingham ZX Computing
Nottingham . . . . September ~ Computing Today
Newcastle October Home Computing Weekiy
Cardiff December Personal Software

At the Home Computer Shows will be a complete cross section of the
hardware and software available to the home user. The emphasis is on the
lower end of the price bracket with computers from £50-£400.

If you are interested in computers and what they can do for you then come
along to our COMPUTER ADVICE CENTRE: experts will be on hand to
give you impartial advice on equipment available.

Try out the machines in our own demonstration area and see programs
running covering educational, games and small business applications.

There is a COMPETITION at every show to:

WIN TWO COMPUTERS.

Win a computer for yourself as well as one for the school of your choice:
free entry form with advance tickets. Also available at the show with the
show catalogue. 7
ADMISSION £2.00 (CHILDREN UNDER 8 & O.A.P’s FREE) pd
AND IF YOU’RE A PARTY OF 20 OR MORE, THERE'S A 25% e
DISCOUNT /

Thursday 21 April ’83 (12am-7pm) éj‘s' ng

Friday 22 April ’83 (10am-6pm) S &

Saturday 23 April ’83 (10am-6pm) C&S s
< &%\.@

The Manchester Home Computer Show (ﬁ’ Q 4@
Midland Hotel. (Opposite Town Hall). V§ ‘z‘%y.
&

For advance tickets send cheque/postal order to: § & VQ?
ASP Exhibitions Y O o &
Argus Specialist Publications / \@‘f’ & QY
145 Charing Cross Rd, d &
London WC2H OEE / @«\ v
Tel: 01-437-1002 yd &

< <
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HOME LIGHTING KITS

These kits contaln all necessaiy components and full

instructions & are designed to replace 8 standard wall

swilch and control up to 300w of lighting,

TDR300K RemoteControl  £14.30
Dimmer

MK& Transmitter for above £4.20

TD300K Touchdimmer £ 7.00

TDEX Extension kit for 2-way

switching for TD300K £2.00
Rotary Controlled £3.50

immer
=)

L

LD300K

Have you got our FREE ORANGE CATALOGUE yet?

NO?! Send S.A.E.

6" x 9’ TODAY!!

J’s packed with details of all our KITS plus large range, of SEMICONDUCTORS
including CMOS, LS TTL, linear, microprocessors and memories; full rangeof
LEDs, capacitors, resistors, hardware, relays, switches etc. We also stock VERO
and Antex products as well as books from Texas instruments, Babani and Elektor.

ALL AT VERY COM

PETITIVE PRICES.

ORDERING IS EVEN EASIER — JUST RING THE NUMBER YOU CAN'T

FORGET FOR PRICES YOU CANT RESIST.
. 5-6-7 8-9-10
and give us your Access or Barclaycard No.or write enclosing
cheque or postal order . Offigial orders accepted from schools, etc.

MINIKITS
MK1 TEMPERATURE
CONTROLLER/THERMOSTAT
Uses LM3911 IC to sense tempera-
ture {80°C max.} and triac to switch
heater. 1IKW
MK2 Solid Stste Relay
Ideal for switching motors, lights.
heaters, etc. from logic. pto-
isolated with zero voltage switching.
S ied without triac £2.60

!

board. a

HOME CONTROL CENTRE

This New Remote Control Kit enables you to
control up to 16 different appliances any-
where in the house from the comfort of your
armchair. The transmitter injects coded
pulses into the mains wiring which are
received by receiver modules connected to
the same mains supply and used to switch on
the appliance addressed. Receivers are
addressed by means of a 16-way keyboard,
followed by an on or off command. Since
pushing buttons can become rather boring,
the transmitter also includes a computer
interface so you can programme your favour-
ite micro to switch lights, heating, electric
blanket, make your coffee in the morninqlz
etc., without rewiring your house. JUS

THINK OF THE POSSIBILITIES. The KIT
includes all PCBs and components for one
trans;miner and two receivers, plus a drilled
box for the transmitter.

Order as XK112. £42.00

Additional Recievers XK111 £10.00

ELECTRONIC LOCK KIT XK101

This KIT contains a purpose designed lock IC,
10-way keyboard, PCBs and all components
to construct a Digital Lock, requiring a 4-key
sequence to open and providing over 5000
different combinations. The open sequence
may be easily changed by means of a pre-
wired plug. Size: 7 x 6 x 3 cms. Supply: 5V to
15 V d.c. at 40uA. Quput: 750mA max.
Hundreds of uses for doors and garages, car
anti-theft device, electronic equipment, etc.
Will drive most relays direct. Full instructions

supplied. ONLY £10.50

Electric lock mechanism for use with latch
locks and above kit £13.50

MK3 BAR/DOT DISPLAY

Displays an analogue voltage on a
finear 10 alement LED display as a
bar or single dot. Ideal for thermo-
meters, level indicators, etc. May be
stacked to obtain 20 to 100 elameant
displays. Requires 5-20V supply.

Based on

miniature

instructions. Requires only
switch to complete. A
BEGINNERS. Order as XK102

Answering
service evngs
& weekends

3.NOTE DOOR CHIME Jd

Based on the SABO600 IC the kit is supplied with all
components

including loudspeaker, printed circuit
pre-drilled box (35 x 71 x 35mm) and full
PP3 9V battery and push
IDEAL PROJECT FOR

£5.00

XK113 MW RADIO KIT
ZN4141C, kit includes PCB, wound aerial and

crystal earpiece and all componentsto make a sensitive

radio. Size: 5.5 x 2.7 x 2cms. Requires PP3

9V battery. IDEAL FOR BEGINNERS £5.00

MK4 PROPOR NONAL
TEMPERATURE CONTROLLER
Based on the SL441 zero voltage
switch, this kit may be wired to form
a “burst fire™ power controller,
enabling the temparature of an en
closure to be maintained to within
0.5°C. Max. joad 3KW £5.55
MKS MAINS TIMER

Based on the ZN1034E TimerdC this
kit will switch a mains load on {or off)
for a preset time from 20 mins. to 35
hrs. Longer or shorter periods may
be realised by minor component
changes. Max. load 1KW. g5 g9

COMPONENT PACKS

650 Resistors 47 ohm to 10 Mohm — 10 per

value £4.00

40 x 16V Electrolytic Capacitors 10uF 10

1000uF — 5 per value £3.25

60 Polyester Capacitors 0.0 10 1uF/250V

5 per value £5.55

45 Sub-miniature Presets 100 ohm to 1 Mohm
5 per value £2.90

30 Low Profile IC Sockets 8, 14 and 16 — pin
10 of each £2.40

25 Red LEDs {5mm dia,) £1.25

"JUPITER ACE

MICROCOMPUTER

uses FORTH which executes about 10 times faster and
requires less program memory than a comparable program
using basic. Features 8K ROM, 3K RAM, built in speaker,

40 key keyboard and a

i Comes supplied complete with leads, mains adaptor, acomprehensive

32 x 24 line-flicker free display on TV.

éasy-to-follow manual on Forth programming + FREE cassette

containing 5 sample programs.

ONLY £75.00

{+ £2.00 carriage + VAT)
LCD 3': DIGIT MULTIMETER

16 ranges including DC voltage (200 mv-1000v} and
AC voltage, DC current {200 mA-10A) and resist-
ance (0-2 M) + NPN & PNP transistor gain and

diode check. Input impedance 10M. Size 155
88 x 31mm. Requires PP3 9V battery.
Test leads included

£29.00

WHY NOT COME IN
AND SEE IT FOR YOURSELF!

DVM/ULTRA SENSITIVE
THERMOMETERKIT

This new design is based on

the ICL7126 {a lower power

version of the ICL7106 chip}

and a 312 digit liquid crystal

display. This kit will form the

basis cf a digital multimeter

{only a few additional resistors and switches
are required—details supplied). or a sensitive
digital thermometer (-50°C to +150°Ci
reading to 0.1°C, The basic kit has a
sensitivity of 200mV for a full scale reading,
automatic polarity indication and an ultra
low power requirement-—giving a 2 year
typical battery life from a standard 9V PP3
when used 8 hours a day, 7 days a week.

Price £15.50
DISCO LIGHTING KITS

DL 1000K

This vatue-tor-money kit fea

tures bi-directional se

quence. speed of sequence

and trequency of direction

change, being variable by means o
tiometers and incorporates a master

ming control £1460

DLZ100K

A lower cost version of the ahove. leatuniy;
undirectional channel sequence with speed
variable by means of a pre set pot Quiputs
switched only at mains zero ¢rossing points
10 reduce radio interference to a minimum.

Optional opto input DLA1 Only £8.00

Allowing audio {"’beat light
60p

response

0L3000K

This 3 channel sound to light kit features

zero voltage switching, automatic level con

1ol and buit in mic. No connections 10

speaker or amp required. No knohs 10 adjust
simply connect to mains supply and

tamps. 11Kw channell -~ Oiply £11.95

“OPEN-SESAME”

The XK103 is a general purpose infra-red trans-
mitter/receiver with one momentary (normalty
open]) relay contact and two latched transistor
output. Designed primarily for controlling
motorised garage doors and two auxillary out-
puts for drive/garage lights st a range of up to
40 f1. The unit also has numerous spplications
in the home for switching lights, TV, closing
curtains, etc. Ideal for aged or disabled
persons.

The Kit comprises a mains powered receiver, a
four button transmitter, complete with pre-
drilled box, requiring 3 9V battery and one
opto-isolated solid state switch kit for inter-
facing the receiver to mains appliances. As
with all our kits, full instructions are supplied.

ONLY £23.75

REMOTE CONTROL KITS

MK8 SIMPLE INFRA RED TRANSMITTER
MK? INFRA RED RECEIVER

Pulsed infra red source complete with hand-held plastic box. Requires a 3V battery. £4.20

Single channel, range approx. 20f.. Mains powered with a triac output to switch loads up to 500W

x at 240V ac. £9.00- {RC500K —Special Price for MK6 and MK7 together £12.50

MK8 CODED INFRA RED TRANSMITTER

THE MULTI-PURPOSE TIMER HAS ARRIVED

Now you can run your central heating, lighting, hi-fi system and iots
more with just one programmable timer. At your selection it is
designed to control four mains outputs independently, switching on
and off at pre-set times over a 7 day cycle, e.g. to control your central

heating {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 display.

* Day of week, am/pm and output status indicators.
4 zero voltage switched mains outputs.
50/60Hz mains operation.

Battery backup saves stored programmes and continues
time kesping during power failures. {Battery not supplied).
Display blanking during power failura to conserve battery power.

18 programme time sets.
Powerful “Everyday™ function enabling output
to switch every day but use only one time set.

Useful “sleep” function—turns on output for one hour.
Direct switch contro! enabling output to be turned on

immediately or after aspecified time interval.
20 function keypad for programmae entry.
Programme verification at the touch of a button.

{Kit includes all components, PCB, assembly
and programming instructions). ORDER AS CT5000

For a detailed booklet on
remote control — send us 30p

and S.A.E. (6" x 9”) today.

FAST SERVICE - TOP QUALITY- LOW LOW PRIGES

No circuit is complete without acallto -

11 Boston Road

London W7 3SJ

EXCLUDE VAT

MK10 16-WAY KEYBOARD

For use with MKB and MK18 to generate 16 ditferent codes for decoding by the ML928 or M

receiver (MK12) kit.

Based on the SL490, the kit includes all components to make a coded transmitter and only
requires a 9V {PP3) battery and keyboard. Bx 2 x 1.3cms £5.90

L926
£5.40

MK11 10-Channet + 3 Analogue o/p IR Receiver

Based on ML922 decoder IC. Functions include on/standby output, toggle, controt of volume,
tone and lamp brightness. Includes its own mains supply. £12.00

MK 12 16-CHANNEL IR RECEIVER

For use with MK8 kit with 16 on/off outputs, which with further interface circuitry, such as relays
or triacs, will switch up to 16 items of equipment on or off remotely. Latched or momentary out

uts — please specify when ordering. Includes its own mains supply.
K13 11-WAY KEYBOARD For use with MK8, MK18 and MK11 E

MK18 Mains Powered IR Transmitter

Mains powered for continuous operation — single channel, for applications such as burglar
alarms, automatic door\z;gensrs, etc. Range approx. 6 ft. £2.50
R

MK17 12V d.c. IR RECE(

its.

For use with MK6 or MK 16. Relay output with DP 3 Amp change-over contacts, may be used as
latched, momentary or “break beam™ receiver. Operates from 6-13V d.c. £9.50

MK 18 HIGH POWER IR TRANSMITTER

Similar to MK8 but with range of approx. 60ft. £6.20

gncill-rv Kits : MK2 Solid State Relay

-isolated with zero voltage switching. No. triac supplied. £2.60

i
MK15 DUAL LATCHED SOLID STATE RELAY

Comprises 2 x solid state refays and latch for use with momentary
version of the MK12. 2 output triacs required {not supplied). £4.50

24 HOUR CLOCK/APPLIANCE TIMER KIT

Switches any appliance up to 1kW
on and off at present times once per
day. Kit contains: AY-5-1230 IC,
0.5 LED display. mains supply,
display drivers, switches, LEDs,
triacs, PCBs and full instructions.

CT1000K Basic Kit ...
CT1000K with white box {56:131 x 7imm}
{Ready Built} .

£14.90
£17.40
£22.50

Add

Add

ACCESS
ana
BARCLAYCARD
welcome

55p postage & packing + 156% VAT to total.
Overseas Customers;
£2.50 (Europe), £6.00 (elsewhere) for p&p.

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

CLOCK TOWER

UXBRIDGE ROAD

CAR
PARK‘

9am to Spm (Mon to Fri)
10am to 4pm (Sat)

ALINGANORTH
1RCULAR AD =

HANWELL
LT GARAGE

Qy NOLSO8

01-567 8910 ORDERS
01-579 9794 ENQUIRIES
01-579 2842 TECHNICAL AfTER 3pM

ik
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Who needs to bother winding miles of wire onto a bobbin when
high voltages can be generated with some inverters and a
handful of diodes and capacitors? Rory Holmes shows how it’s

done.

n this month’s first Designer’'s Notebook we shall be
I looking at a variety of interesting voltage multiplier cir-

cuits that can be built using ordinary CMOS gates and
common-or-garden 1N4148 signal diodes. DC-to-DC con-
verters for a number of applications became possible by
simply driving voltage multiplier chains with an AC clock
signal, again implemented with CMOS gates. The initial
supply voltage can be multiplied both positively and
negatively, to give for example a split rail op-amp supply
from a standard 5 V TTI supply. Negative and positive
voltage references used in analogue-to-digital conversion
and other signal conditioning circuits can also be
generated, as can general purpose high voltage bias rails.

By using a novel ‘chain’ of inverter gates to in-

dependently drive each node of a diode-capacitor ladder,

some rather unique circuits result.

Chain Reaction

First, let’s look at the usual multiplier circuits shown in
Fig. 1a. These are normally used with rectifier-type diodes,
fow frequency AC inputs (sine waves) from transformers,
and electrolytic smoothing capacitors. At first glance there
seems to be no common pattern between them, and little
similarity to the multiplier chains used in TVs and other
EHT power supplies.

DOUBLER
+ A D
T ! .
t oy,
AC INPUT ouT
l -|- l +
o ——o +VE
Vi
TRIPLER
[]+ A D
l / .
+
AC INPUT

l Vour
+ =
T 1 P o g
v U

OUADRUPLER

O +VE

H

AC INPUT

+VE

(a)
Fig. 1 Standard voltage multiplier circuits.
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AN +10v
R1
2k2
—
. 1
Nig | ~—(®)
c2
ic1 22n
Vour
NOTE:
IC1{S s 401068
c1 J- D1,2 ARE 1N4148 €3

Fig. 2 A CMOS doubler circuit.

However, in all cases the AC input waveform is fed via
capacitors to appear at those circuit junctions marked ‘A’
in Fig. 1a, while those junctions marked ‘D’ will maintain a
steady DC potential relative to the earth point. We can
thus redraw the circuits by connecting up the capacitors in
two series chains (assuming their values are altered accor-
dingly) and still preserve the same circuit action. One
chain carries the AC signal, while the other accumulates
the DC voltage shifts. Figure 1b shows these redrawn cir-
cuits, which now appear as extensions of the standard lad-
der network. The doubler, of course, remains in its original
form since it only has one set of capacitors.

Starting with the doubler, we can build a very simple
DC-to-DC converter using one CMOS gate as shown in
Fig. 2. The Schmitt inverter gate is configured as a square
wave oscillator running at about 100 kHz — the multiplier
capacitors C2 and C3 will therefore have a low impedance
at this frequency, which is also within the switching speed
capability of the TN4148s. For this reason, rectifier diodes
such as the TN4001, which have much slower switching
speeds, cannot be used in these circuits.

The oscillator output at point ‘A’ will therefore be swit-
ching between the 0 V-and 10 V supply levels. When the
output is at logic low, capacitor C2 will charge up positive-
ly (in the direction of the arrow) via D1. D2 is reverse bias-
ed and so effectively out of circuit. When point ‘A’ goes
high to + 10V the positive end of C2 at ‘B’ will be raised to
+20 V. This reverse biases D1 and allows C3 to charge up
through D2. The voltage on C3 is thus maintained at about
+20 V less two diode drops (ie at 18V6) as the cycle
repeats itself. This is known as a diode charge pump.

Building An Extension

This principle can be extended using exactly the same
chainlike structure as illustrated in the positive and
negative multipliers of Fig. 3. In both cases the inverter
gates are cascaded and driven from a square wave

23

)




+VE
O OUTPUT
VOLTAGE

{ V) +VE SUPPLY
(a) VOLTAGE

Vpp!

NOTE:

ALL DIODES ARE 1N4148

C2-4 ARE 10n-100n CERAMIC
ALL GATES ARE ANY B SERIES
CMOS INVERTER

+VE SUPPLY

VOLTAGE
Vpp!

(b}

D3 ~VE

OUTPUT
VOLTAGE

T,

Fig. 3a A two-stage positive voltage multiplier (multiples by
+3). b. A two-stage negative voltage multiplier (multiplies by
-2).

from several kilohertz to several hundred kilohertz.
Remember, though, that as the frequency decreases, the
impedance for a given capacitor value will increase, so in-
creasing the impedance of the multiplier output.

Table 1 lists out the different voltages you can expect
from different chain lengths and supply voltages, based on
the circuits of Fig. 3. The number of stages refers to the
number of capacitors that are actively driven from inverter
outputs. Using this table it becomes very easy to design a
generator for any voltage requirement; the output voltage
could be clamped to the exact level required using an or-
dinary zener diode regulator. But remember there isn't
much current available, and as the output is loaded the
voltage will decrease due to the supply impedance. The
higher supply voltages will generally provide more output
current.

+18V SUPPLY
VOLTAGE

Vpp)
O

+110V OUTPUT
VOLTAGE
AT 2.5mA

NOTE:
USE 401068 OR 74C14 FOR INVERTERS
C2-C8 ARE 22n-47n CERAMIC

oscillator at around 100 kHz. Each inverter gate con-
tributes its own output current (a maximum of around 2
mA) via the capacitors into the multiplier chain: because
of this, the available output current will always be the
same no matter how many times the voltage is multiplied
(two times in this case).

The positive multiplier output of Fig. 3a includes the
initial positive supply potential, and so generates three
times this voltage less the three diode drops of OV7 each.
The negative multiplier of Fig. 3b, on the other hand, is
referenced to the ground rail, giving —2 times the voltage
(again less the diode drops).

As mentioned before, all the diodes are TN4148s: the
multiplier capacitors C2-4 are all non-critical and may be
anything from 10nF to 100nF. C4 may be a polarised tan-
talum capacitor of a few microfarads to provide further
smoothing. Any type of CMOS gate which can be con-
nected as an inverter could be used, as well as all the stan-
dard inverters, though the 4049B hex inverter offers slight-
ly more output current. It's also possible to use the 74C
series types such as the 74C04 or 74C14. Pin-outs for these
chips are given in Fig. 4 and not on any of the circuit
diagrams, since they differ from type to type.

The oscillator implementation and its frequency are
also non-critical; you could experiment with anything

Voolﬂ e [ 4] Voo Ej [ Voo
Eﬁ &3 EW @ Eﬁ B
B W B YT—:] E @3
Eﬁ ) 1157 m| E_—E(? )
E &3 E ga E ‘5@
E—Q"X @ Eﬁ ) Eﬁ o
- &El Vs [ Y; Vs 7] %

vxE 0 40698, 74C04 401068, 74C14

40498

Fig. 4 Pin-outs for the standard hex inverter packages which
may be used in the circuits given in this article.
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Fig. 5 A 110 V supply using one hex inverter IC.

As an example, Fig. 5 shows a longer multiplier
designed to give 110 V and built using only one hex in-
verter IC, of the Schmitt trigger t‘/pe (40106B). Using
ceramic capacitors, this circuit could be built to a very
small size.

Operating Principles
How do these multipliers actually work — the doubler
circuit of Fig. 2 is straightforward, but what about the

longer types? Voltage multiplier explanations are usually
notoriously difficult to follow, let alone understand, and

3v+

2v+
SUPPLY V___l I_Jl_, L
e LT Lel T L
oV

OUTPUT
VOLTAGE

[

Fig. 6 Waveforms for a two-stage positive multiplier
(idealised for clarity with diode drops ignored).

we shall therefore adopt a more graphic approach. If we
measure the voltages at the lettered points in Fig. 3a and
plot them against time, we get the waveforms shown in
Fig. 6. These waveforms have been idealised for clarity —
no account has been taken of the voltage drops due to the
diodes in the circuit. From these it can be seen that the
voltage across C2 (the difference between the waveforms
A and B) is a constant 1V, where V is the supply voltage,
while that across capacitor C3 (between points C and D) is
2V. We also know that the final output voltage across C4 is
3V. Moving down the chain towards the final output, then,
we find that each capacitor maintains a DC charge which
increases in integer multiples of the supply voltage. How
so?

Consider capacitor C2 in Fig. 3a. At power-on it is
discharged but when point A switches low, it charges up

ETI APRIL 1983
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TABLE 1

CMOS SUPPLY VOLTAGE
5v 10V 18V
OUTPUT POLARITY + - + - + -

NO. OF STAGES

1 8.6 3.6 18.6 8.6 34.6 16.6

2 12.9 7.9 27.9 179 51.9 33.9

3 17.2 12.2 37.2 27.2 69.2 51:2

4 21.5 16.5 46.5 36.5 86.5 68.5

5 25.8 20.8 55.8 45.8 103.8 85.8

6 30.1 25. 65.1 55.1 1211 103.1

7 34, 29.4 74.4 64.4 138.4 120.4
Table relating supply voltage and number of sta§es to the (unloaded) output voltage, for positive and
negative output multipliers based on the circuits of Figs. 3a and 3b and allowing 0V7 for each diode drop.

to the supply voltage via D1 (neglecting diode drops).
Point B is therefore at supply voltage. When point A swit-
ches high, then, point B is raised to twice the supply
voltage. Point C must be at zero volts since it is the inverse
of point A, so current flows via D2 (which is now forward
biased) from point B into C3 until C3 is charged up to the
voltage at B (ie twice supply). The next clock pulse takes
point A low, so point B is at supply less the voltage that has
leaked into C3, and C2 is topped up via D1 again. Mean-
while point C has switched to supply voltage, so point D is
now at three times supply and D2 is reverse biased,
preventing C3 from discharging back into C2. C3 can
discharge into C4 via D3, however, so the voltage across
C4 is maintained at three times supply.

It should now be clear that no matter what the length
of the multiplier, each capacitor in the chain maintains a
steady DC charge which equals that on the previous one
plus the supply voltage, and each capacitor tops up the
next one in the chain on each alternate half-cycle. Figure

(a) D1 D2 D3 D4 DS D6
+VE

OQUTPUT
CLOCK VOLTAGE

oV Oo——e

cLock
HIGH TV

cLOCK
Low T \/
0 1 0 1 o 1
CMOS OUTPUT FOR OTHER HALF CYCLE

Fig. 7 How multiplier voltages accumulate down the chain.
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0 © 0 @ 0
c1 TV c2 TZV c3 T3V Cc4 T4V [o] TSV
T T T 7

CLOCK
HIGH v

0 1 0 1 0

CMOS QUTPUT DRIVE LEVELS
? ®) .,

D6 ouT

O

(b) N (@) N
c,@ﬁv' 'cz@lpv ;ITW "Lty alte wite
T T ]

CLOCK TV

Low

1 0 1 0 1 0
CMOS OUTPUT DRIVE LEVELS

Fig. 8 Charging paths for an extended multiplier chain. The
diagrams only show those diodes which are forward biased
(conducting) during alternate half cycles of the drive
waveform.

7a, for example, shows five stages of a multiplier chain
driven by a square wave signal, while Figs. 7b and 7c use a
waveform to represent the voltage levels at each capacitor
node for each half of the cycle. The direction and voltage
of the DC charges on each capacitor is also shown —
remember these are constant as shown by the graph of
Fig. 6.

Looking at C1 and C2 in Fig. 7b we can see that the
positive (top) end of C1 will be at V volts (V is the supply
voltage) while the positive end of C2 is at 3V volts (2V of its
own, raised up a further V volts at the CMOS output).
Diode D2 will therefore be reversed biased and effectively
out of circuit. For similar reasons C3 will be at 3V volts
(less that which has leaked away) and can therefore be
charged up via D3 from C2. On the other half cycle in Fig.
7¢, however, C3 will be raised up to 4V volts by the CMOS
output, while C2 returns to 2V. So this time D3 is reverse
biased and will not conduct. C1 is now raised to 2V and
can thus charge C2 via D2. The conducting and non-
conducting parts of the circuit for each half cycle are
shown in Fig. 8, which gives a much clearer illustration of
the diode charge pump action.

The Appliance Of Science

Figure 9 shows the circuit of a split-rail power supply
that generates + 10 V from a 5 V supply input. It could be‘
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FEATURE: Designer’s Notebook

D1 D2 D3 D4

O +10V

=—hev
TANTALUM
ov c%l r O oV
zD2 - L o
= u
D ° 0 0V A T 16V
TANTALUM
ce c7 cs
_N_I_NLK.J_K 010V
D6 D7 D8 D9

NOTE:

IC1 1S 40498 OR 74C04

D1-9 ARE 1N4148

2ZD1,2 ARE 10V 400mW ZENERS
€1-3,6-8 ARE ALL LOW VOLTAGE
CERAMIC OR POLYCARBONATE 22-68n

OUTPUT CURRENTS ARE 1mA FOR 74C04
13mA FOR 40498

Fig. 9 A split-rail supply using one hex inverter package.

used to power low current op-amp circuitry and other
CMOS circuits from a standard TTL power supply. Again,
only one hex inverter pack is required and we recommend
that the 4049B is used with its slightly higher output cur-
rent capability. The circuit takes advantage of the three
cascaded inverters that drive the positive multiplier chain,
by also using them to form a ‘ring-of-three’ oscillator. The
multiplier chain is therefore self-oscillating!

The positive side in turn drives the negative chain of

IC1d, e and f. From Table 1 we would expect the available
output voltages to be +17V2 and —12V2, which are then
clamped to the +10 V levels by zeners ZD1 and ZD2.
Series limiting resistors for the zener diodes are un-
necessary due to the current-limited output of the
multiplier.

Figure 10 shows a variation on the previous circuit’s
positive multiplier section, using all six inverters to provide
more output current at +10 V. To achieve higher output
currents, simply parallel the CMOS gates that drive the
capacitor chain: the available currents will add together
due to the nature of the CMOS output FETs. This techni-
queis useful for CMOS operating atlow supply voltages.

Figure 11 gives the circuit for a 24-stage positive
multiplier to generate a high-voltage, low-current supply.
This could be used for a solid state ‘megger (high
resistance meter and insulation tester). The 24 stages can
be achieved using only four hex inverter packs, and will
provide 433 V from an 18 V supply. This circuit illustrates
the fact that the inverters may be wired up in any fashion
so long as alternate capacitors receive opposite phases of
the square wave.

The circuit will deliver at least 2 mA at 430 V! — not
lethal but pretty painful, so be careful. We suggest the ad-
dition of a 1MO series resistor in the positive supply lead to
limit the available current to about 400 uA. A 100 uA
meter would provide suitable megohm readings.

NOTE: 7
D1-3 ARE 1N4148
ZD1 IS 10V 400mW ZENER

Fig. 10 Paralleling inverter stages to give a higher current
supply.

+18V

NOTE:
IC1-4 ARE 401068 OR 40498
v D1-25 ARE 1N4148

C16 ARE 22.68n 100V CERAMIC

€7-12 ARE 22.68n 250V CERAMIC

€13-18 ARE 22n.68n 350V CERAMIC [ OR BETTER
€19.25 ARE 22.68n 500V CERAMIC

{207V)

(311v)

+433V

;CZS

D23 D24

D19 D20 D21 D22

Fig. 11 A 433 V generator using a 24-stage positive multiplier and an 18 V supply.
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SC110A FULLY PORTABLE OSCILLOSCOPE

The new THANDAR SC110A represents a break through in Osulloscope

development. The SC110A is only 2” thick and weighs under 2 Ibs yet it retains the

standard features of a bench oscilloscope.

FULL-SIZED PERFORMANCE

® 10MHz band width

® 10mV per div. sensitivity

® Full trigger facilities are provided includ-
ing bright line and auto, with T.V. line
and frame filtering r

Ahandar
Tonjim e M
AT

@ RUNS ON ORDINARY HP11 (four}
batteries or rechargeables

® Basic price — £170 UK Post free

Optional extras

AC Adaptor £5.69; Rechargeable batteries

£8.63; X1 Probe £8.05; X10 Probe £9.20;

X1/X10 Switched Probe £10.90; Carry Case

£8.86.

PFM200A FREQUENCY

METER

@ Pocket size ® 8-Digit LED display @
Frequency range 20Hz-200MHz @ Resolution
0.1Hz @ Sensitivity typically 10mV rms

® Timebase accuracy 2ppm @ Battery life
10 hours ® Frequency: 2 ranges, 4 gate times
® Price £77.50 UK Post free

Optional extras — AC Adaptor £5.69

LARGE S.A.E. Brings details of: Oscilloscope, Frequency Meters, Signal
Generators, Function Generators, Pulse Generators, Analogue and Digital

Multimeters, Digital. Thermometer, C.R.T. Tester, Logic Analyser etc.

All prices include VAT. Official orders welcome. Mail order only, or callers by prior
appointment. Barclaycard/Access welcome. Cash/cheque, etc., with order.
Government and Educational Establishments official orders welcome.

B.K. ELECTRONICS

d, Leigh-on-Sea, Essex SS9 5TY-
Tek: Southend 527572 1:7]

37 Whi

| RECONDITIONED
TELEPHONES
Push Button Trimphones £1
+ £1.80 p&p. 2 for £28 +
£2.50
Push Button 746 £13.50 +
| £1.80. 2 for £26 + £2.50
Recent Style Dial Phones
| £4.75 + £1.80. 2 for £9 +
£2.50. 5 for £20 + £5
Seconds (in good waorking
order}
Class A {not too bad) £3.50 +
£1.80. 5 for £15 + £5
Class B {grotty) £2.25 + £1.80.
5 for £9 + £5

LOW-COST, RUGGED
TEMPERATURE CONTROL

HIGH QUALITY

TEMP. GAUGE (° -120°C
Remote sensor on 38"
capillary, panel mounting
dial 55mm. dia.

Desk-top Ten Way Manual Ex-
change (key & lamp unit)
£8 +£1.80 P&P

ONLY £2.50

16A 240V RANCO THERMOSTAT
Wide control range {low room temp. to over boiling point}
Sensor on 22" capilliary. £2.30, including control knob

RANCO THERMAL CUT-OUT 100°C
15A 240V. Sensing coil on 41lin. capilliary panel
mounting with reset button £1.20

BUY ONE EACH OF ABOVE FOR £5.50

Older style black telephones,
£3. o&o as above. Our leaflet
explains how to use G.P.O.
phones in home intercom
systems.

5 Digit Counters 48V coil. Non
resetable 75p

UNISELECTORS. 50v, 4 Bank
+ Homing Bank, 25 way £3.50

LIGHT DEPENDENT RESISTORS in olastic_housina
with window, heavy-duty lead. Simitar to ORP 61.
You normally pay well over double for resistor alone
Only 30p or £2.35 for 10.

GEARED Synchronous motor, 8 r.p.m., 240V A.C. 3

P.O. TYPE 4 pole jack plug

with moulded lead and panel [§ Wt £2

socket. ONLY £1 SOLENOID GAS VALVE. 240V A.C. 5 P.S.I. suitable
B for non-corrosive fluids. £2. 20

Various stabilised power BULGIN 3 pin f(ee plug & panel socket 2A 240V
supplies available - Excellent 50p

prices send for details. =
DIAL-OUT WITH YOUR COMPUTER. P.C.B. with
custom chip, drive circuits and high-speed relays
enables your computer to dial-out (with suitable
interface). Ex-equipment. Tested. £12 with explanatory
notes.

FREE on request - Leaflet
“D.I.Y. Telephone Systems and
Automatic Exchange Design’.

L.E.M. SERVICES
22 Emscote Road,
Warwick,
Warwickshire

ADD 50p P&P
ORDERS OVER
£7.50 POST FREE

unless stated otherwise

ALL ITEMS — MONEY BACK IF NOT DELIGHTED.

. ZINTRUDER ALARM CONTROL UNIT
¢ CA 1250

This excring new module offers all the possibie
tealures hkely 10 be required when buiiding an
intruder alarm system. Whether used with only 1 or
2 magnetic switches or 1n conjunchion with severat
ultrasomic alarm modules or infra-red units, a really
effective sysiem can be constructed at a fraction of
the cosl of comparable ready-made units. Suppled
waith a tully explanatory Data Sheet that makes
nstallation stiaght forward. the magdule 1s lully
tested and guaranteed

“‘avadable v ki torm (16 95 + VAT

@ Budt-in electronic siren drives 2 loud speakers @ Stabilised ouput voltage for external units

@ Provides exit and entrance delays fogether ® 2 operating modes - full atarmi/anti-tamper and
with fixed‘alarm ume panic tacihly

@ Battery back-up with trickle charging faciity @ Screw connechions for ease of installation

® Operates with magnetic swilches u/sonic o @ Separate relay contacts foe swiichiag external
LR unus loads

® Ant-tamper and panic laciity ® Tesi loop facihty

ULTRASONIC
ALARM
MODULE

Us 4012
Fully buiit
& tested

Adjustable range
from 5ft. to 25ft.

A realty
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 1s easily mounted in 8
wide range of enclosures. A ready-drilled case and necessary
hardware 1S availabie below.

DIGITAI. VOI.TMETEH MODULE DVM 314
Fully buiit & tested

® Positve & negative voltage witt an + SD of
999mV which is easily extended

® Requires only single suppiy 7-12V

® High overall accuracy 0.'% + 1 dignt

® Large bright 0.43  LED dispiays

® Supphed witn tull appications data

With this fully built and calibrated module a wide range of accurate equipment such as mullimeters,

thermoneters, baltery indicators etc canbeconstructed at afraction of the cost ot ready-made unus Fuli

details are supphea for extending the voltage range measuring Current. resistance and temperalure

Fully guasranteed. the unit has been supplied to electricily authorities. Governmens depantments. etc

Power Supply & Relay Hardware Kit
Units PS 4012 £4.25 +var|HW 4012 £4.25 + VAT

Proviges a stabilised 12V output and relay with 3A
contacts. The vt is designed to operate one or two
of the above ultrasonic units. Fully built and tested.

Temperature Measurement Kit DT.10 £2.25 +var

Using the I|.C. probe supphed. this kit provides a inear output of 10mV°C over the temperalure range
from 10°C to + 100°C. The unit s wdeal for use in conjunction with the DVM module provihing an
accurate digital thermometer

27

Power Supply PS.209 £4.95 4 var

Thig fully built mains power supply provides two stabiltsed isolated outputsof 3V. 250mA each The unit
is ideally sutted for operaung the DVM at Temperature Measurement module

Siren Module
SL 157

Produces aloud and penetraling shiding tone operat-
ing from 9-15V Capable of drwiiig 2 off 8 ohm
speakers to SPL of 110db at 2M

Contains an inhibi faciity for use with shop

lifting loops etc. or other break to activate
circuts

£2.95 +var

A suitable ready-dnilied case with the vanous mount-
ing pillars. mains switch socket and nuts and boits.
Designed 10 house the ultrasonic alarm module
together with its power supply.

Size: 153mm x 120mm x 45mm

# ACCESSORIES *

3-posiion Key Switch for use with

CA 1250 supplied with 2 keys £3.43
Magnetic switch (with magnet) £1.17
5° Horn speaker for use with CA1250

and SL157 £4.95
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WORD PROCESSOR ‘VIEW’
16K ROM £52

TELETEXT ADAPTOR
£195.00

ACORN SOFT/BBC SOFT/GAMES PADDLES IN STOCK

01-452 1500 Ticu~xomaric Lo  01-450 6597

Micro Computer

Please phone for

availability

BBC Model A £299
BBC Model B £399
including VAT plus £8 carr.
Model A to Model B
Fitting charge £15
Individual upgrades
also available

PRESTEL ADAPTOR
£90.00
2nd PROCESSOR 6502 £170
2nd PROCESSOR Z80 £290

FLOPPY DISC INTERFACE
Incl. 1.0 operating system
£95 + £20 installation

Phone or send for our BBC leaflet

BBC FLOPPY DISC DRIVES
Single drive 5% 100K £235 + £6 carr.
Dual drive 5%" 800K £799 + £8 carr.

BBC COMPATIBLE DRIVES
These are drives with TEAC FD50 mechanism
and are complete with power supply
SINGLE: 100K £190; 200K £260; 400K £340
DUAL: 200K £360; 400K £490; 800K £610

offriCiAL G G (9 DEALER

T

CASSETTE RECORDER

Ferguson 3TO7 £26.50 & £1.50 carr
Cassette Leads £3.50
Computer Grade Cassettes
£0.50 each £4.50 for 10 & £1 carr

MONITORS

MICROVITEC 1431 14" Colour Monitor
MICROVITEC 2031 20" Colour Monitor.
SANYO 14” Colour Monitor RGB
Lead for SANYORGB .........cceooe.
SANYO 12" Hi Res Green Monitor

£249 + £8 carr. |
£319 + f8carr. |

£255 + £8 carr. | 3p 5y Regulated PSU £26 + £2 carr.

' & ACORN ATOM @

Basic Built £135 Expanded £175
(carr £3 per unit)

Atom Disc Pack + £6 carr .

"""""""""" Phone or send for our BBC Atom

£99 + £6 carr. .
{ list.

NEC PC 8023 BE-C
Features include:

80 cols 100CPS, &
Bi-Directionat, Logic seeking, 4
Proportional Spacing,
Forward & Reverse Line
Feed, Hi-Res and Block

PRINTERS

80 Cols 30 CPS
Full ASCIl e GRAPHICS
10” Wide paper

SEIKOSHA GP 100A

EPSONMX 80 and 100F/T3
MX 80 BOCPS 80 cols

MX 100 100CPS 136 cols

4 Lagic Seeking, Bi-

directional, Bit Image
Printing, 9 x 9 Matrix
Logic Seeking, Bi-directiona,
Bit image Printing, 9 x 9

Graphics, International
and Greek characters,
Auto-Underline, Super & Sub
Scripts, Friction & Tractor,
2K Buffer, Cartridge Ribbon.

£320 + £8 carr.

Parallel Printer

Now only £190 + £6 carr.

Matnx, Auto Underiine,

Variety of interfaces, ribbons in stock
2,000 fan fold sheets 93 x 11”7 £13.50 + €3 p & p

Tractor and Friction Feed,
Centronix 8, Bit Parellel
Interface as standard.

MX 80 F/T3 £325
MX 100 F/T3 £430

Ask for details on GP 250A

lead for BBC/Atom to most printers £13.50

—

(£8 Carr/Printer)
.-

MICRODOCTOR

This is not a logic analyser or
an oscilliscope. It tests a
microsystem and gives a
printed reprint on RAM,
ROM and 1/0 — it will print
memory map, search for
code, check dataline shorts
and operates peripherals
Microdoctor

complete with PSU,
Printer, probe cable

and two configuration
boards. £2965.

RUGBY ATOMIC CLOCK CONNECTOR SYSTEMS | RIBBON
This 280 micro controlled clock/calender 1.0. CONNECTORS JUMP LEADS AMPHENOL CONNECTORS CABLE (Grey)
receives coded time data from NPL Rugby. ‘ISpeedblock Type) 4in Ribbon Cable with headers | 35 way Solder Type Plug
The clock never needs to be reset. The w:‘: °'PI:“;"1:'C:°“°' E‘g'"n , d" pin “‘5599'1':520‘ ;:gp‘“:’;o‘: {centronix type)  550p :2 pay %p
facilities include 8 independent alarms and for © en 36 way Solder Socket way P
7 4 10 90 |
each alarm there is a choice of melody or 50 122 Be mg 22:::1; IbbonZ::opblmp't:‘sp :AC: | (centronix type)  550p ;g Ry 12::
alternatively these can be used for electrical 26 78p 150p 300p 20 pim 26 pin 34 pin 40 pin | 36""3"('2&‘?(')‘:‘9 woe)  500p | 26 oo 1400
switching. A separate timer allows recording * 34 200p 180p 380p | 1end 160p 210p 270p 3005 | 24 way golder P'."ug\’p P | 34 way 220p
of up to 240 lap times without interrupting 49 20p 190p 860p | 2 ends 230p 385p 490p 540p (IEEE type) 500p | 40 way 265p
the count. Expansion facilities provided. 2 2%p 200p 600p | 24in Ribbon Cable with D. Conn | 24 way Solder Socket s00p | 90 way 330p
See July/August ETI for details. Complete Kit 25 way Male 500p Female 550p L24 way IDC Plug agsp i 64 way 370p
£120 + £2.00 p&p
RS$232 CONNS {25 way D)
24" Single end Male  £5.50 EURO I EDGE
MICROTIMER D-CONNECTORS 24" Single end Female £6.00 CONNECTORS CONNECTORS
. 9way 15way 25way37way | 24 Female Female  £11.00 {indirect Edge Connl 0.1in 0.156i
6502 Based Programmeable clock timer with MALE 24" Male-Male £10.00 | o v oo ol skt| 2x18 wa _ aop
#* 224 switching times/week cycle Solder 90p 130p 160p 250p | 24" Male-Female £11.50 | 411617 21 way 17‘(])?, 170p | 2x22 wa: 200p 170p
* 24 hour 7 d.
* 4 inde‘;:andeant ‘s':v‘i::h outputs directly interfacing 1o finoes ‘Faioaﬂp e DIL HEADERS SIS e Lo Lo AR g 2-0
thyristor/t o 121 older 1DC 416122 x32way 260p 320p| 2x25 way 226p 220p
yristor/tiacs o . older 0p 160p 210p 350p type type |Angled 2x32 way 326p 375p| 1x43 way 260p —
# 6 digit 7 seg. displays ta indicate real time, ON/OFF and Reset [l Angled 175p 240p 310p 500p | ,, o 40p 100p |41612 3x32 way 275p 380p| 2x43 way 3%p —
times Hood %p %Bp 9p 10 | 45, 50p 110p jAngied 3x32 way 400p | 2x50 way =
# Output to drive day of week switch and status LEDS. 24 pin 100p 150p [2x32 way zidca+c §26p| 1x77 way 700p
Fuli details on request. Price for-kit £567.00 40 pin 200p 226p |ifor 2x32 way specify a+bor a +¢l] $100 Conn -

SOFTY Il INTELLIGENT PROGRAMMER
The complete micro processor development gystem tor Engineers and Hobbyists. You can

i
1
{
|
|

develop programs. debug, verity and commit to EPROMS or use in host computer by using 2114L 80p

softy as a romulator. Powertul editing faciities permit bytes, blocks of bytes changed. deleted ;;}ig (+5v gg

or inserted and memory contents can be observed on ordinary TV. Accepts most + 5v Eproms 2116-2 80p

Softy 1l complete with PSU, TV Lead and Romulator lead £169 4164-2 450p

| s116P3 30p

[ BOOKS (No VAT pé&p £1)

CMOS Cook Book .75

uv ERASERS TRAINER KITS l CRT Controller H/Book £7.9%

q 00 | Programming the 280 £11.50

uvig e to 6Eproms  £47.50 g .’tunlor Corlnputer g 00 280 Microcomp. handbook £6.95

UVIT with Timer £60.00 6802 Nancomp . ing the 6502 £10.25

£80.00 Programming the

UV140up to 14 Eproms £61.50 | 6809 Nancomp I 00 | 6502 Assy. Lang. £12.10

UVI4Iwith Timer  £78,00 | 1802 Micro Trainer £64 | 6502 Applications £10.20

{Carr £2/eraser} E80 Manta £115 | 6502 Software Design £9.05

All erasers are fitted with 780 Menta £115 iSOZ Gamelas ; ¢ databook tu:sz

H H H arge selec on o atabooks, Inter-

mains switches and safety {fully bm_lt and documented!} e oboks. books on BBC, stc in
interlocks Full details on request stock. As for our list.

PLEASE SEND SAE FOR PR-CE LIST
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80p |,74LS251  38p| 40244
sop |17aiS253  3sp| 40245
7400 Np | 7207 55p 17415256 150p [ 4018
7401 Np i 74251 45p |f7415267 30p | 4019
7402 Mp | 74259 100p (17415258 36p | 4020
;fwv gp 74265 45p | 17405259 5Bp | 4021
74.‘?4 ‘5: 74273 120p ||741S260 20p | 4022
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AY10212
AY1-1313 120p
AY1-1320 90p
AY1.5050 120p
AY3-1270 95p
AY3-1350 360p 150p
AY38910 440p 60p
AY38912 625p 100p
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CA3059 286p | LM747 70p
CA3060  3oop | LM7as 35
CA3080E  72p Lm1014 50p
CA3086  48p |LM1801  300p
CA3089E 200p |LM1830  250p
CA3090AQ s tm 1 g;; asop‘SOP
CA3130E g LM1886  700p
CA3130T 110p | LM1883  350p
CA3140T  90p |LM2917  200p
CA3140E  50p |LM3302  7%p
CA3160E  100p |LM3%00  50p
CA3161E 150p |LM3209  85p
CA3162E 450p |LM3911  125p
CA3189E 300p LMZSM 200p
CA3240E 110p | LM3915  200p
280G 200p |LM3916  225p
D7002 480p | LM13600 110p
DAC1408-8 £2 |M51513L  230p
HA1366  195p M51516L  500p
HA1388 270p |MB3712  200p
ICL7106  700p |MB3730  400p
iICL7611  95p | MC1310P  150p
ICL7660 200p |MC1413  75p
ICLB038  300p (MC1445  250p
ICM721568 £18 [MC1458  36p
ICM7217  750p |MC1493  100p
ICM7555  80p |MC1495L  350p
ICL7611  90p [MC1496 70p
LC7120  300p | M 120p
LC7130  325p | MC3401 50p
LC7137  2rop [MC3403  75p
NE - IV
LF353 95p || MK50380  636p
LF356P  95p |MKS50398 €7
LF357 110p[ ML920 800p
LF13331  150p{ MN57160 szop'
M10C 3250 | MNE221A  600p
LM301A  25p|NE531 140p]
LM30BN  78p | NES44  150p
LM310  120p | NESSS 16p
LM311 70p | NESSE 45p
LM318 £3 | NE5sa 420p
LM319  216p | NEsgs  120p
tM324 W0p | NESEE 155p
LM334Z  30p (NEsg7  140p
LM336Z  140p | NES70  410p
LM339 S0p [ NEs71  400p!
M348 @p INESs2  60p |
VOLTAGE REGULATORS
FIXED PLASTIC
1A +ve -ve
5V 7805 40p 7905 4Sp
6V 7806 40p 7906 4Sp
av 7808 40p 7908 45p
12V 7812 40p 7912 45p|
15V 7815 40p 7915 45p
18V 7818 40p 7918 45p
24V 7824 40p 7924 4S5p
5V100mA 78L05 30p 79105 60p
6V 100mA 78L06 30p
8V 100mA 78L08 30p
12V100mA 78L12 30p 79L12 60p
15V 100mA 78L15  30p 79L15 60p

OTHER REGULATORS

LM309K 1A 5V 140p 78HGKC 600p
LM317KTQ3  325p 78HOSKCS50p
LM3177 200p 78GUIC  200p
LM3377 225p 79GUIC  225p
LM323K 3A 5V 450p 79HGKC 700p
LM723 150mA Adj ICL7660 200p

30p LiM305AH 250p
TLas4 300p 78H12  600p
78540 225p SG3524  300p
78P05 300p

OPTO ELECTRONICS
2N5777  40p TIL7B S5p
OCP71  180p TIL31IA  120p
ORP12  120p TIL32 S5p
ORPSO  120p TIL81 90p
ORP61  120p TIL100 754

OPTOISOLATORS
1LD74 130p TILIN 70p
MCT26  100p TIL112 0p
MCS2400 190p TIL113 70p
ILQ74  240p TIL116 70p
MOC3020 150p

0.2'

LEDS TIL220Red 10p
0.125% TH222Gr  12p
TIL209 Red 10p TIL228Ye 15p
TIL211 Gr 12p Rectangular
TiL212 Yel 15p LEDs(RG.Y) 30p
DISPLAYS TIL31;/ 600p

TIL312/3 110p
DL704 140p  1y1321/3 130p
DL707Red 140p Ti(330 140p
TnbulT 200 77656/60  200p
E“B% g Bargraph 226p
MAN3640 200p BESLAINATE]
MAN4640 200p 9368 250p
NSB5881 570p 9370 300p

TecuNomatic Lo

MAIL ORDER

308 Pll;(.;\\',r\RE ROAD, LONDON W2

ETI APRIL 1983

COMPUTER COMPONENTS
£16 SMHZUHF 375p
120p 9902 3 2732‘350"5’7509 a2 % | Mk URF 460
o0 3 THSIsn 68 | vsze Ty | B1a 10y || T
60p IMSI528RNES0 i 8795/96  90p
200p ' 280P10  250p 8T97/98  90p | 32.768KHz 100p
25p 280AP10  280p CRY 81LS95/96 9%0p | 100HKz  250p
£161 280CTC MG | 81Ls97/98 90p | 200HKz  280p
800p 280ACTC 280p CRT 9602 220p | FreqinMHz ~
*0p Z80ADART 700p | CRTSS 900 | oe37pp  %60p | 10
125p 280ADMA  £10 | Cprenzy  gq | ZNA25E8 350p [ 1008 275
SN76477 450p 280S10/1/2 £3 | | ro3en/ rag| ZN426E8 30p | 15 450p
SN76488  450p MCE845  go0p | ZNAZ7EB 600p | 18432 210p
SNB7483  400p MC6847 660p | ZN428E8 500p ;2‘;750 359
SN76495  400p | gogsa 2101 4A  400p | | SFF96364  £B 25 mo"
SN76660 120p [{iNSB060 210230 120p | 'TMs9918 oo | KSR | 2852 2508
SP8515  T50p | TMS9980 £20 | 21078 500p | TMS9927 f£18 3276 150p
TA7120  150p ||TMS9995 £12 | 21114  300p | TMS9328  f£20' 35795 1
Ta7130  150p |28 £24 | 21124 300p | TmS9929 £20 2| deee &
TA7204  200p /| 780 200p | 211420 100p 23| a00 150p
TA7205  90p [{zBoA 20p | 2147 450p 4.194 200p
TA7222  150p || 7808 £12 | 40273 300p e %
TA7310  150p || gggg £18( 5 450p e | 2508 zsg;
TBASOC  80p |[g748 £181( 4116.15 120p | AD558CJ 77Bp £15 [ 4915 250p
TBABIO  100p 411620 80p | AD561J  £14 50 I
18820  sop | MEETCTCIINN | 4118-3  450p | AD7581  160p =9\ & eD
TBA920  200p DEVICES 4164-2  400p |1 AM25S10 6.144 1%
TBA9YSO  225p | 3242 800p | 4816APZ-3270p | AM25052521€2 | INELCLOUULN | o 1
TCo109  900p | 3245 460p | Si00 300p | AMzeis31126p | RGIURRIRY | 7% 1500
10 350p | 6520 5516 i
TCA220  350p | 6622 g: 6116-3 4’338 o mpusp RO-32513UC TS0p| 830 e
TCAZ/0 350 | 65224  BBOp | 6116LP-3 750p | DACBO €28 |N0.3251LC 7000 50 170
TCAS40 175 | 6532 BB0P | e614-45 200 | DMBI31 37Bp [SN4S262AN £10| 100 e
TCA9E5  120p | 6551 660p | 8810 120p | DP8304  460p |MCE6760 750p | ;55 150p
TDA1004A  £3 | 6821 100p | 7489 210p | DS3691 400p |DMB6564  £12} 13090 150p
TGAI008 320p | 68821  220p | 745189 225p | DS8830  140p 14318 175p
TDA1010 200p | 6829  £12.50 | 745201 350p | DS8B31  140p REv 14756 250p
TDA1022 500p | 6840 37%p | 745289 175p | DSB&32  250p 1500 200p
TDA1024 120p |68B40  600p | 93415 60O | DSB833  225p 16.00
TDA1170  300p | 6850 M0p | 93425  600p | DSB836  150p | AY52376 700p | 17.7 ml
TDA2003 325p | 68B50 20p DS! 225p | 740922 420p | 18.00 200p
TDA2002v  £3,| 6852 250p LF13201  450p | 74C923N 500p | 18432 160p
TDA2006 350p, | 6854 7000 | 54188 325p | MC1488 S5 | mpweyeempen 9.968  150p
TDA2020 320p,| 68854  800p P | MC1489 55 20.00 ~ 200p
T 100p 6875 570p | 745287 350p | MC3418  950p 26.690 150p
TL071/81 250 | 8154 950p | 745288  225p | MC3446  300p | paC1aa1 6750 | 27145 200p
TL072/82 450 | BISS 350p | 745387  325p | MC3480 850p | COma116 700p | 386667  175p
TL074  100p | 8196 350p | 745471  650p | MC3486 500p | 47028  750p 0 175
TLo83 750 | 8205 225p | 745473 650p | MC3487  300p 55.5 %ﬂ
Tooss a0p | 8212 10p | 745474 €50p | MC4024  325p | pmm) 116
Tlosd 2008 | 8216 100p | 745570  650p | MC4044 3250 145,80 250p
70 sop | 8224 10p | 745571  €50p | MC14411 67 | Av.3.1015P 15.068 2
TLa30C  70p | 8226 250p | 745573 950p | MC14412 T750p 124.00 2l
TMS 1601 £12 | gazs 2% | 0T 12 TP | AY-5-1013P
Tus oot g0 oo | IEIEITM | 7510012 160 2000
a38p gg? 850p 2616( + 5v)250p | 75114/15 180D | COMB017 300p | dway 70p
2 250p T0p | 75121722 140p | iMBa02  450p | Bway 85p
UA2240  150p | 8253 390p | 2532 ® | 76150P  120p | TR1602 300p | Bway 90p
UAA170  170p | 8255 250p | 253230 E7 | ogie qagp Oway  145p
ULN2003A 75p | 8256 £36 | 2564 £21 35182 90p IFS Y
ULN2004  75p | 8267 400p | 2708 75361  150p
ULN2068 290p | 8259 27161 + 5v) 250p REAL TIME CK
400p 75363 150p | (TEXTTOOL)
ULN2802 200p | 8271 £36 | 27321350ns) £6 75366 150p | 24 pin 600p =
ULN2804  150p | 8279 Mop | 2716350 nsh {176451/2  65p | 28pin Boop | MMSB174 700p
UPCE75 2750 | 8284 350p £5 | 17545372 72 | 40pin €10 | MSMS832 700p
UPCEG2H 200p | 8288 £11 | 12764 £11 57 +MK3805 £TBA,
UPC1156H £3 ; »
MASAL AN LOW PROFILE SOCKETS BY T " WIRE WRAP SOCKETS BY Th
XR2207 37sp 8pin Sp 18pin 16p 24pin  24p 8pin 25p 18pin 50p 24pin 80p
XR2211  575p pin 10p 20pin 18 2Bpn 26p 14pin 35p 20pin 60p 2Bpin 80p
XR2216  676p 16pin  1p 22pn 2p 40pin 30p 16pin 40p 22pin 65p 40pin 100p
XR2240 12p =
ZN414 80235 8p [ MPSAS3  40p | 2N2219A 25p |), 0A400V  200p
INATSC 139 BD241  6op |MPSUsR  6an | N2220A g | |23C2338 2000 | 25na00v  400p
ZNA23E  130p | BD242 60p | MPSUO7  60p | 2N2363A 17p |i3N728 920
ZN424E  130p | BD379 60p ( MPSU45 90p | 2N2484 25p | 3N140 120p
ZNaZ5E  350p (BD3B0 60D | MPSUSS 78p | 2N2646 400 | 3nia1  1i0p | T
ZN426E  300p | BDE77 40p | TIP29A 35p | 2N2904/5 Z50 | 3N201  110p
ZN427E  690p| BF244B  365p [ TIP29C  40p | 2N2906A  26p  3n704  200p |'2.7V-33V
ZN428E  410p | BF2568 50p | TIP30A 38p | 2N2907A  25p | 40290 250p | 400mW 9p
ZN1034E  200p | Br257/8 32p | TIP30C 40p | 2N2926 % [140361/2 78p | W 15p
ZN1040E 670p || BF337 30p | TIP31A 40p | 2N3053  25p ||40408 90p
ZNA134  £23 ) BFR39 25p | TIP31C 45p | 2N3054  B6p | 140409 100p
ZNA234 850p || BFRA/1  28p | TIP32A 40p | 2N3055  36p | 140410 100p TRIACS
FR79 25p | TIP32C 40p | 2N3442  140p | |40594 120p PLASTIC
BFR80/1  28p | TIP33A 70p | 2N3553  240p | |40595 120p
BFR%6 180p | TIP33C 80p | 2N3584  260p | 40673 50 3A 400V 60p
| BFX29 40p | TPMA  90p | 2N3643/4 48b | 40g71/2 1008 | 6A 40OV 70p
BFX30 27p | TIP34C 120p | 2N3702/3 10p : 6A 500V  88p
BFX84/5 40p | TIP35A  120p | 2N3704/5 10p 8A 400V  75p
AD161/2  45p | BFX86/7  27p | TIP35C  140p | 2N3706/7 10p [ owooes | 8A 500V 96p
BC107/8  13p | BFX88 27p | TIP36A  140p | 2N3708/9 10p 12A400v  8Sp
BC109C  14p | BFX89 108p | TIP36C  150p | 2N3773  200p | gyqg7 12p | 12A500V  105p
BC117 20p (BFY51/2  24p | TIPA1A  SOp | 2N3819  20p | gyx36300 20p | 16A400V 110p
BC147/8  9p | BFY56 33p | TIPAIC s5p | 2N3820  40p | oa47 8p | 16AS00V  130p
BC148  10p | BFY90 80p | TIP42A  60p |'2N3823  30p | Gagy/g7  gp | T2B00D  130p
BC157/8  10p | BRY39 45p | TIP42C  65p | 2N3B66  %0p | Jagg 9p
BC159 = 11p | BSX19/20 24p [ TIPS4  160p | 2N3902 7000 | §a2n0 9%
BC169C  12p | BUIO4  225p | TIP120  75p | 2N3904  15p | 5azp2  qpp
BC172 12p | BUIOS  190p | TIP121  75p | 2N3906  16p | g4y 4
BC177/8 17p |BUI0B  250p [ TIP122  80p | 2N4037 85D | yngsg 7p | A 400V 100p
BC179 ~ 18p | BUI0S  226p | TIP142  120p | 2N4123/4 27p | 1ng105  4p | 8A 60OV 140p
BC182/3  10p | BU126  150p | TIP147  120p | 2N4125/6 270} yns001/2  5p | 124400V 160p
BC184  11p | BUIBOA  120p | TIP2955 78p | 2N4401/3 25 | ynann3/s  6p | 16A 100V 180p
BC187  30p [BU205  200p | TIP0Ss  70p | 2N4427 N4005  6p | 164400V 180p
8C212/3 11p |BU208  200p | TIS93  30p | 2N4871 800 | inNan0s/7  7p | ClO6D 45
BC214  12p | BU406  145p | ZTX108  12p | 2NSOB7  27p | yNoagars  1ap | MCR10136 380
BC237  15p |BUXBO  B00p | ZTX300 13p | 2NS08Y  20p | yngaga;; vsp | TICas | 27p
BC327  16p [BUY6SC 350p | ZTXas2 4sp | 2NS172 Z7p | |5q50 9p | 2N3525  130p
BC337  16p | E310 50p | ZTX500  15p | ZNSIST 0o 2N444s  180p
BC338  16p |MJB0Z  400p | ZTXS502 1ep | 2NS245  40p 2NE0B0  30p
BCAE! ~ 25p [MJU2501 226p | ZTX504 1gp | 2NS401  60p TNS0B4  35p
BCA77/8  30p | MU2955  90p | ZTX552 55p | 2NS459  30p
BC516/7  40p | MJ3001 225p | ZTX652 60p | 2NS460  60p ns
BC5478  14p | MJ4502  400p | ZTX752  70p | ZNS485 $CB MOUNTING
BCS548C  12p | MJE340  60p | VNGGAF  72p | 2N5875 S0V 19p BELAYS
BCS4SC  16p 100p | VNIOKM  gop | 2N6027 100V 20p
BC5678  14p 70p | VNGBS gop | 2N60S2 400V 25 | 80r12vDC
BCSSIC  16p 40p [ 2NE97  28p | 2NCOSY 600V 30p | COilSPDT2A
BCY70 18p 30p | 2N698  45p 610 s0v  3op | 24VDC  180p
BCY71 22 30p | 2N706A  30p | 2N6Z37 100V 38p | 80r12vDC
BD131 750 3op | 2N708  30p | 2N6254 400V 45p | CoilDPDT5A
BD132  S50p S0p | 2N918  4sp | ZNEZ90 200v 60p | 24VDC
BD135/6  40p 50p | 2Ng30  18p | 25C1306 S0V T2 | 290VAC  200p
BD133 . 40p 50p [ 2N1131/2 3ep | 25C1307 00v 9 | Bori2voc
8D140  40p 50p | 2N1613  28p | 23C1957 400V 100 | Coil SPOT 10A
BD189  60p 50p [ 2N1711 28p | 23C1008 cov  Bop| 24VDC
BD232  60p 32p | 2N2102  70p | aca0a9 100y 100p| 200VAC 228,
BD233  75p 50p | 2N2160  350p | 53¢5070 A 400V 120p

» TO: 17 BURNLEY ROAD. LONDONNWI10 IED
)

PLEASE ADD 40p p&p & 15% VAT
(Export: no VAT, p&p at Cost)

Orders from Government Depts. & Colleges etc. welcome.

Detailed Price List on request.
Stock items are normally by return of po:
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OMPUTER WAREHOUSE

THE ‘' ALADDIN'S' CAVE OF COMPUTER AND ELECTRONIC EQUIPMENT

Front load £550.00 - Top load £295.00
PSU type ME3029 for 2 drives £125.00

£995.00. Call sales office for details.

HARD DISK DRIVES

Fully refurbished Diablo/DRE Series 30 2.5 mb hard
disk drive for DEC RKOS, NOVA, TEXAS etc.

DISTELO

The UK's FIRST free of charge, 24 hr. public
access data base. Get information on 1000’s
of stock items and order via your computer
and credit card. On line now, 300 baud.

DRE 44A/4000A/B 10 mb §+5 all configurations from

 etter. Suppression Devices SD5A £5.95.

CCITT tones, full duplex, fully interactive.

8 AMP MAINS FILTERS | ,ou7miss
Cure those unnerving hang ups and data glitches
caused by mains interference. Matchbox size- Upto 5

amp 240 v load As recommended by the ZX81 news-

01-683 113

Keep your hot parts CgL and RELIABLE
with our range of BRAND NEW professional
coolingelans

ETRI 99XUO! Dim. 92 x 92 x 26 mm. )
Mintature 240 v equipment fan complete with

finger guard. £9.95.
Ggul.% JB-3AR Dim. 3" x 3" x 2.5" compact

BUNHLER 69.11.22. 8-16 v DC micro

miniature reversible fan. Uses a brushless

servo motor for extremel(}/ high air flow,

almost silent mnnin? and guaranteed 10,000
Y

hr lite. Measures only 62 x 62 x 22 mm.
Current cost £32.00. OUR PRICE ONLY
£12.95 comnltto with data.
MUFFIN-CENTAUR standard 4" x 4" x 1.25"
fan supplied tested EX EQUIPMENT 240 v at
£6.25 or 110 v at £4.95 or BRAND NEW 240v

at £10.50. 1000’s of other fans Ex Stock

'8RAN
gﬁlY£499+ VA

Made to the very highest
S| the TEC Starwriter
P1500-25 features a
heavy duty die cast
chassis and DIABLO type
print mechanism giving
superb reglistration and
print quality. Micro-
processor electronics
o

infarmation and print sam

£12.50. - Tractor feed option £120.00

Tsn ELO
e

ive you 100% bus

very qulet running 240 v operation. NEW £6.95 able today. The only

RAND NEW with user

Optional accessories: Full technical m
of difference on drive purchase. DC and AC p
way IDC connector £5.50. 50 way ribbon cable £3.20 per metre.

all for Details. Post & Packing on all fans £1.60

SUPER DEAL? NO — SUPER STEAL!
The FABULOUS 25CPS TEC Starwriter
Daisy wheel printer at a fraction of its original cost.

DNEWAT

FROME19S + CAR +VAT ¥ © ——
edindustry standard ASR33 data
any features including ASCII

—-—....\_N___“\_

keyboard and printer for data I/O auto data
Y detect circuitry. RS232 serial interface. 110
baud, 8 bit paper tape punch and reader for
off line data preparation and ridiculously
cheap and reliable data storage. Suppliedin

good condition and in working order
. Options: Floor stand £ 12.50 + VAT
KSR33 with 20ma loop interface£ 128.00 +
Sound proof enclosure £25.00 + VAT

SOFTY 2

The amazing SOFTY 2. The complete “toolkit”
for the open heart software surgeon. Copies,
Displays, Emulates ROM, RAM and EPROMS
ofthe 2516, 2532 variety. Many otherfeatures
include keyboard, UHF modulator. Cassette
interface etc. Functions exceed capabilities of
units costing 7 times the price! Only

£169.00 pp£1.95 pata sheet on request

tter full DIABLE/QUME
compatibility plus Bi
directional printing, 10 or 12 pitch, 136
or 163 chars per line, full width 381 mm

friction or single sheet paper, — order now or call sales office for more

gle. Please specify RS232 or CENTRONICS interface.
Supplied complete with FREE dust cover and daisy wheel.
tional extras: RS232 data cable £10.00 - Tech. manual £7.50. Carriage & Ins. {(UK)

CYCLON type DOO1 sealed lead acid
maintenance free 2v 2.5 ah. will deliver over
300 amps on short circuit!! Brand new at

only £2.95

SA VR2C size 'C’ 1.2v 2 ah. nickel

cadmium £1.50 each 10 for£11.50

DATA MODEMS

Join the communications revolution with our
range of EX TELECOM data modems. Made to

for 24 hrs per day. Units are made to the
CCITT tone spec. With RS232 i/o levels via
a 25 way ‘D’ skt Units are sold in a tested
and working condition with data Permission
may be required for connection to PO lines.
MODEM 13A compact, async, same size as
telephone base. Up to 300 baud, full duplex
over 2 wires, but call mode only £75.00
MODEM 2B/C Fully fledged, up to 300 baud
async, ANSWER & CALL modes, auto answer,
auto switching, ideal networks etc Just 2 wire
connection to comms fine. £85.00
MODEM 20-1 Compact unit for use with
PRESTEL or full duplex 2 wire link 75 baud
transmit — 1200 baud receive. Auto answer.
£130.00
MODEM 20-2 same as 20-1 but 75 baud
receive ¥200 baud transmit. £130.00
MODEM 20-3 Made for data rates up to 1200
baud in full duplex mode over 4 wire circuit or
half duplex mode over 2 wires. £130.00
arriage. 13A £4.50. 2B/C & 20 £9.50.
For more details contact sales office.

CISFLAY

TN

_C 1171
CLCL PIRNL e o

D.C. POWER SUPPLY SPECIALS
Experimentors PSU Ex-GPO unit all silicon electronics. Outputs give +5v@ 2 amps.
+12v@ 800 ma.-12v @ B0OOma. +24v@ 350 ma. 5v@ 50 ma. floating. Dim 160 x 120 x
ulated and short circuit proof. Removed from working
omplete with circuit. Transformer guaranteed. Only

350 mm. All outputs fully r
equipment, but untested.
£14.50 +£2.50 pp.
CUSTOM POWER CO55 5v @ 3 amp. Very compact unitdim. approx 60 x90 x 190 mm.
Semi open chassis, full crowbar overvoltage protection.
£10.95 + pp£1.25

MINI SYSTEM PSU Ex equipment unit ideal for the small micro. OQutputs give 5v @
3 amps. +12v @ 1 amp and -12v @ 300 ma. Crowbar overvoltage protection and
current limit. Fully tested. Dim 70 x 165 x 320 mm. Complete with Circuitonly£12.95

ested Ex Equipment.

PERIPHERAL SYSTEM SUPPLY. Fully cased unit supplied in a Brand new or little
ive S5v @ 11 amps, “+" 15-17v @ 8 amps.
Il outputs are crowbar protected and the 5 voit output is fully
\ated. Fan cooled. Supplied tested, with circuit£55.00 +
IN FRAME SUPPLY. A real beety unit designed for
outputs give 5 volts @ 50 amps. +12v @ 5 amps. -12v @ 10 amps. All output are fully
regulated with crowbar overvoltage protection on the Sv output Supplied with circuit
nd tested. Ex-Equip. 110v AC input. Only £49.95 + cam.£10.50.

66% DISCOUNT

Due to our massive bulk purchasing programme which enables us to bring you the
s, we have thousands of |.C's, Transistors, Relays, Cap's, P.C.B’s,
witches, etc. etc. surlplus to our requirements.
have sufficient stocks of any one item to include in our ads, we-are packing all these
ARCEL OF A LIFETIME” Thousands of components at
giveaway prices! Guaranteed to be worth at least 3 times what you play plus we always
include something from our ads. for unbeatable value!! Sold by weight.

2.5kis£425 + pp £1.25
10kis£10.25 + pp £2.25

most stringent spec and designed to operate
used condition. Outputs
and “+" 24v @ 4 amps.

"-"15-17v@ 8 amps

MINI or MAINFRAME use

ELECTRONIC
COMPONENTS
& EQUIPMENT

items into the “BARGAIN

Skis £5.90 + pp £1.80
20kis£12.50 + pp £4.75

PRICES PLUS VAT

for U.K. Maintand, paid cash with orderin Pounds Stiring PLUS VAT. Minimum order value£2.00, Minimum Credit
Card order£ 10.00. Minimum BONA FIDE account orders from Government depts, Schools, Universities and established companies
g not indicated please ADD 80p + VAT Warehouse open Mon-Fri 9.30 — 5.30. Sat 1015—5.30
prices and-specifications without notice. Trade, Bulk and Export enquiries weicome.

64-66 Melfort Road, Thornton Heath, Near Croydon, Surrey @
01-6897702 — 01-689 6800 Telex 27924

All prices quotedare

£20.00 Where post and packin
We reserve the right to change

COMPUTER ‘CAB' =
All in one quality computer
cabinet with integral switched
mode PSU, Mains filtering, and twin fan cooling.
Originally made for the famous DEC PDP8 computer
system costing thousands of pounds Made to run 24
hours per day the PSU is fully screened and will deliver a
massive +5v DC at 17 amps, +15v DC at 1 amp and-15v
DC at 5 amps The complete unit is fully enclosed with
removable top lid, filtering, trip switch, ‘Power and ‘Run’
LEDs mounted on Ali front panel, rear cable entries, etc.
etc. Units are in good but used condition - supplied for
240v operation complete with full circuit and tech. man.
Give your system that professional finlsh for only
£49.95 + Carr. Dim. 19" wide 16" deep 10.5" high.
Useable area 16"w 10.5"h 11.5"d.

Also available LESS PSU with internal dim. 19"w, 16"d,
10.5"h, £19.95". Carriage & insurance £9.50.

PPY DISK DRIVES

Unbelievabte value the DRE 7100 8" floppy disk drives
utilise the finest technology to
compatibility with most drives avai
ditference being our PRICE and the superb manufactur-
ing quality!! The 7100 single sided and 7200 double sided
drive accept hard or soft sectoring IBM or ANS| standard
a massive 0.8 MB (7100) 1.6 MB (7200) of storage. Absolutely
SHUGART, BASF, SIEMANS etc. compatible. Supplied
manual and full 90 day warranty. Carriage and insurance £9.75.

7100 Single sided £225.00 + Carr.7200 Double sided £295.00 + Carr.
anual £20.00 alone. £10.50 with drive. Refund
ower connector and cable kit £8.45. 50

VIDEO
MONITORS

MOTOROLA 9” open chassis monitor.
Standard 240 v AC with composite 75 ohm
video input, bandwidth in excess of 18 mhz
Monitors are ex equipment and although
unguaranteed they are all tested prior to
despatch, and have no visible bums on the
screens Dim approx 9" x 9” x 9”. Supplied
complete with mains and input lead. Ideal
ZX81 etc. or giving the tele back to the
family!! Black and white phosphor. £35.00
+ £9.00 Carr.

12" CASED. Made by the British KGM Co.
Designed for continuous use as a data
display station, unit is totally housedin an
attractive brushed aluminium case with ON-
OFF, BRIGHTNESS and CONTRAST
controls mounted to one side. Much
attention was given to construction and
reliability of this unit with features such as,
internal transformer isolated regulated DC
supply, all components mounted on two
fibre glass PCB boards - which hinge out for
ease of service, many internal controls for
linearity etc. The monitor accepts standard
75 ohm composite video signal via SO239
socket on rear panel. Bandwidth of the unit
is estimated around 20 Mhz and will display
most high def graphics and 132 x 24 lines.
Units are secondhand and may have screen
burns. However where burns exist they-are
only apparent when monitor is switched off.
Although unguaranteed all monitors are
tested prior to despatch. Dimensions
approx. 14" high x 14” wide by 11" deep.
Supplied complete with circuit 240 volt AC
operation. ONLY £45.00 PLUS £9.50 CARR.

14” COLOUR superb chassis monitor made
by a subsidiary of the HITACHI Co. Inputs
are TTL RGB with separate sync. and will
plug direct into the BBC micro etc.
Exceptional bandwidth with good 80 col.
definition. Brand new and guaranteed.
Complete with full data & circuit 240 v AC
working. Dim. 14" x 13" x 13".

ONLYE199.00 PLUS £9.50 CARR.

SEMICONDUCTOR
‘GRAB BAGS'

Mixed Semls amazing value contents
include transistors, digital, linear, I.C.'s triacs,
diodes, bridge recs., etc. etc. All devices
uaranteed brand new full spec. with manu-
acturer's markings, fully guaranteed,
50+ £2.95 100+ £3.15.
TTL 74 Series A gigantic purchase of an
“across the board” range of 74 TTL series
1.C’s enables us to offer 100+ mixed
"mostly TTL” grab bags at a price which two
or three chips in the bag would nnormailly
cost to buy. Fully guaranteed all .C.'s full
spec. 100+ £6.90 200+ £12.30 200+ £19.50

Compiete input outputterminal withintegral8
hole paper tape punch and reader. Unit
operates at 150 baud in standard ASCIl. |deal
asa cheageprinter foraMICRO etc. 120
columns, Serial data i/0. Supplied compiete
with data, untested, unguaranteed £63.00
+£11.50 carr.
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PROJECT

REAL TIME

CLOCK/CALENDAR

It seems strange that many microcomputers cannot tell the time
of day or the date when such a facility can be so useful to the
programmer. Never fear, ETI is here, with a simple peripheral
for 6502-based machines. Design by M.D. Bedford

rogrammers who are familiar

with mainframe or

minicomputers will probably
be aware that it is generally possible
to access the actua% time and date
from within a program. Such a
facility is known as a real time clock
and is often not avaifable on the
more modest microcomputers. It is
not difficult to see that a real time
clock would enhance any system —
applications range from control
programs, to the determination of
the elapsed time between
occurrences, to giving listings that
professional touch by using the time
and date in the header.

Two approaches are possible for
the implementation of a real time
clock — software or hardware.
Traditionally, a software solution has
been used in which a hardware
interrupt is generated at regular
intervals, probably every 20
milliseconds, these being counted
by the interrupt handling routine
which then calculates the time and
date. Such a system obviously
requires initialising and would
prompt the user for the time and

date each time the computer was
switched on (our own word
processor uses this system — Ed).
Quite apart from the possible
inconvenience, this method is
probably unsuitable for most
microcomputer users as it would
require modification of the monitor
program in ROM to prompt for the
time and date. On the other hand,
it is possible to devise a hardware
alternative with battery back-up
which is transparent to the system
when not being accessed and
doesn’t lose the time and date on
power-down of the main system.
For these reasons a hardware
approach is presented here. The
design is primarily intended for the
Tangerine Microtan system, the PCB
given here being of such a size that
it will plug directly into the system
rack. From an electronic point of
view, however, there is no reason
why the board may not be used
with any 6502-based computer.
Functional Description
The real time clock, which may
be configured to occupy any
16-byte block within the Tangerine

=
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A bird’s eye view of the completed project.
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I/O area, has 16 registers as
specified in Table 1. It will be
noticed that 12 of the registers are
used to store the time and date, two
iregisters being used to store {(in BCD
format) any number which may take
a value greater than nine. For
example, the value of the minutes is
calculated as (10*REGISTER 5) +
REGISTER 4. Of these 12 registers,
registers 1-3 are read-only, these
‘seconds’ registers being
automatically set to zero on starting
the clock.

Each time the clock is updated,
ie every tenth of a second, a flip-
flop is set, writing a value of 15 to
all the readable registers to indicate
that an update has taken place since
the last read. Reading a register
under these conditions resets the
flip-flop so that a further read will
produce a valid result.

This board may also be used to
generate interrupts at regular
intervals, this function being
controlled by register 15 as
.described in Table 2. Switch SW2
may be used to disable interrupts, a
facility which is especially useful in
view of the fact that this board does
not reset at switch-on.

The remaining registers are
write-only and have various control
functions. Register 0 should have a
value of 0 written to it to select
non-test mode for normal operation.
A value of 1, 2, 4 or 8 should be
written into register 13 to indicate
leap year, leap year + 1, leap year
+ 2, or leap year + 3 respectively.
A value of 1 written to register 14
will start the clock, whereas a value
of 0 will stop it. Switch SW1 gives
the board write-proteciton, hence
obviating the accidental overwriting
of the time and date once
initialised. This facility-does not
affect register 15 so that interrupts
may still be selected when the ‘

AN
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Fig. 1-Circuit diagram of the real time clock/calendar. Non-Microtan owners will find a circuit to generate the 10 signal in last

month’s ETI.

board is write-protected. Both
switches are mounted so that
‘down’ selects the enabling of the
appropriate function.

The battery back-up facility
allows data to be retained when the
computer is not switched on, hence
avoiding the need to initialise the
clock at power-on. The time and
date will be retained for about three
months with a fully charged battery
and a minimum of one hours use
every nine days will ensure that the
battery remains in a state of full
charge.

Construction

If the printed circuit board
layout presented here is adhered to,

2

construction should present no
difficulties. Since the board is of a
single-sided design, a number of
wire links need to be fitted as
shown on the component layout
diagram. Sockets should be used
throughout for the integrated
circuits. It should be noted that the
MM58174 IC is fabricated in CMOS
and accordingly the usual
precautions of not touching the pins
of the IC and not soldering the
board while the IC is in its socket
should be adhered to.

We suggest that DIL headers
plugged into DIL sockets should be
used for the wiring of the selectable
address links. A 16-pin and an 8-pin
socket should be used to make up
the 24-pin by 0.3"" socket used for

these links. The required start
address should be set up as follows:
the start of the board is 16* (the
binary number represented by links
1-6) from the start of the Tangerine
I/O area, where link 1 is the least
significant bit. Making links a and b
gives a 0, making link c gives a 1.
So, for example, the following links
will set up the board to start at 48
bytes from the start of the I/O area:
link 6 ab, link 5 ab, link 4 ab, link 3
ab, link 2 ¢, link 1 c. If the board is
to be constructed to a different
layout to suit non-Tangerine
systems, the only points to be borne
in mind are that C2, C3 and C4
should be well distributed around
the board and that XTAL1, CV1 and
C5 should be mounted close to IC7.
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PROJECT: Real Time Clock

HOW IT WORKS

PARTS LIST

The heart of the circuit, IC7, is the
MM58174 real time clock which reads
and writes four bits of data onto
DB0-DB3. Although not absolutely
necessary (since the top four bits could
be masked out by programming), a neat
hardware solution is provided by the use
of IC8 to zero DB4-DB7 during read
operations. The circuitry comprising
IC1, IC6 and the DIL links gives a chip
select for IC7 and 1C8 when an address in
the range selected by the links is

accessed.
Since the MM58174 is specifically in-
tended to interface with

microprocessors such as the 8080 or
780, the circuitry comprising IC3 and
most of IC5 is required to generate the
NRDS and NWDS signals from the 6502

R/W and ¢2. Hence write protection

TABLE 1

List of Real Time Clock Registers
Reg No  Function

test

tenths of seconds
units of seconds
tens of seconds
units of minutes
tens of minutes
units of hours
tens of hours
units of days
tens of days

10 day of week

11 units of months
12 tens of months
13 year status

14 start/stop

15 interrupt

LONOUTRWN—=SO

may be provided by blocking NWDS$ Resistors (all 1W, 5%)
when SW1 is in the closed position. 1C4 R1 100k
is used to detect when register 15 is be- R2 1k5
ing addressed (A0-A3 all high) and under Capacitors
these circumstances overrides the write c1p 47u 16 V axial electrolytic
protection. C2-4 100n disc ceramic
IC2 is to buffer A0-A3 — in fact, the C5 10p ceramic plate
whole circuit is designed to present no cvi 5-65p trimmer
more than one TTL load to any bussed Semiconductors
signal. IC1 741504
D1 is used to pass the +5 V supply to IC2 7415126
IC7 when it is present, the battery being 1C3 741502
trickle-charged through R2 under these 1c4 741521
conditions. When the + 5V supply is not IG5 741532
present, D1 prevents the battery from 1C6 74L530 I
discharging tgrough the power supply 1c7 MM58174 (see Buylines)
and I1C7 is supplied with sufficient IC8 7415125
voltage to operate in standby mode via D1,2 1N4001
D2. Miscellaneous
SWi1,2 SPCO PCB-mounting tog-
gle switches (see Buylines)
B1 3V6 PCB-mounting Nicad
battery (see Buylines)
SK1 2x32wayA + BDIN
Euro connector (male,
angled pins) — see
Buylines
PCB (see Buylines); DIL sockets to suit.
Access Mode
write
read
read
reag
read/write
read/write TABLE 2
read/write
read/write DESCRIPTION OF INTERRUPT MODES
read/write Function Value in Register 15
read/write no interrupts Oor8
read/write single interrupt after 60 seconds 4
_ read/write repeated interrupts at 60 second intervals 12
read/write single interrupt after 5 seconds 2
write repeated interrupts at 5 second intervals 10
write single interrupt after 0.5 seconds 1
read/write repeated interrupts at 0.5 second intervals 9
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Fig. 2 Component overlay for the real time clock.
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Programming

The following BASIC program is
used for initialising the real time
clock/calendar. The board should
be write-enabled before running the
program — however, if this is not
done the user will be instructed to
do so by the program. The program
will fully validate the information
given before writing it to the clock,
to reduce the likelihood of human
errors. We suggest that a time and
date a few minutes ahead of the
actual time is entered, the RETURN
following the day of the week
request being pressed exactly as this
time arrives.

10 REM .. .MM58174 REAL TIME
CLOCK INITIALISATION
PROGRAM

20 DEF FNC(l) = VAL(MIDS$(TDS,
I, 1)

30 DEF FNN(l) = 10 * FNC() +
FNC(1+ 1)

40 DIM DM(12)

50 DATA 31, 28, 31, 30, 31, 30,
31, 31, 30, 31, 30, 31

60 FOR I1=1TO 12: READ
DM(I):NEXT |

70 PRINT “MM58174
INITIALISATION"

80 INPUT “ENTER START
ADDRESS OF BOARD”; AD

90 POKE AD, O:REM . .. NON
TEST MODE

100 POKE AD+15, O:REM . ..
DISABLE INTERRUPTS

110 POKE AD+14, O:REM . . .
STOP CLOCK

120 1=PEEK(AD +4):1=PEEK(AD +4)

130 J=15 AND (I1+1):POKE AD +4,

J

140 |=PEEK(AD+4)

150 IF I=) THEN 180

160 PRINT “WRITE ENABLE REAL
TIME CLOCK — RETURN
WHEN DONE'’; :GET A$

170 GOTO 120

180 INPUT ““ENTER TIME AND
DATE IN THE FORM HH MM
DD/MMIYY’’; TD$

190 HH = FNN(1)

200 IF HH <0 OR HH>23 THEN
180

210 POKE AD+7, FNC(1): REM . ..
HOURS * 10

220 POKE AD+6, FNC(2): REM
.. .HOURS

230 MM = FNN(4)

240 IF MM <0 OR MM>59 THEN
180

PROJECT: Clock

250 POKE AD+5, FNC(4):REM . ..
MINUTES * 10

260 POKE AD+4, FNC(5):REM
.. .MINUTES

270 YY = FNN(13)

280 IF YY<0 OR YY>99 THEN 180

290 YR =
213 - (YY=4*INT(YY/4)))

300 IF YR=8 THEN
DM(2)=29:GOTO 320

310 DM(2)=28

320 POKE AD+13, YR:REM . ..
YEAR STATUS

330 MM = FNN(10)

340 IF MM<1 OR MM>12 THEN
180

350 POKE AD+ 12, FNC(10):REM
... MONTH * 10

360 POKE AD+ 11, FNC(11):REM
... MONTH

370 DD = FNN(7)

380 IF DD<1 OR DD>DM(MM)
THEN 180

390 POKE AD+9, FNC(7):REM . ..

DAY * 10

POKE AD +8, FNC(8):REM . . .

DAY

410 INPUT “ENTER DAY OF WEEK
(1-7, 1=MONDAY)"’; DW

420 IF DW<1 OR DW>7 THEN
410

430 POKE AD+10, DW:REM . ..
DAY OF WEEK

440 POKE AD+14, 15:REM . ..
START CLOCK

450 PRINT “WRITE DISABLE REAL
TIME CLOCK"”

460 STOP

470 END

To access the time and date

from within a program, the
following BASIC subroutine may be
used: a ?ew words of explanation
are probably appropriate. Line 1040
clears the update flip-flop by
reading the clock once. The
following two lines then loop until a
value of 15 is read, indicating that
an update has just taken place and
that a tenth of a second is available
to read the registers before the next
update. It is the requirement to read
11 registers in this 100 milliseconds
time slot (in order to avoid the

ossiblity of an update occurring
getween the reading of two
registers) which accounts for the
strange appearance of much of the
rest of the subroutine. The inherent
slowness of BASIC on an eight-bit
microcomputer dictated the

400

avoidance of FOR-NEXT loops,
subscripted variables and numerical
constants in the time-critical
portion. The routine returns with
numeric values of seconds, minutes
. . . months in R2-R7 respectively, an
ASCII representation of the time in
TM$ and an ASCII version of the
date in DT$.

1000 REM .. .MM58174 READING
ROUTINE

1010 R2=AD+2:R3=AD+3:R4=
AD+4:R5=AD+5

1020 R6=AD+6:R7=AD+7:R8=
AD+8:R9=AD+9

1030 RA=AD+10:RB=AD+11:
RC=AD+12 .

1040 Z = PEEK(AD+2)

1050 Z = PEEK(AD+2)

1060 IF Z <>15 THEN 1050

1070 R2=PEEK(R2):R3 =PEEK(R3):
R4 = PEEK(R4)

1080 R5=PEEK(R5):R6=PEEK(R6):

R7 = PEEK(R?)
1090 R8=PEEK(R8):R9 = PEEK(R9):
RA = PEEK(RA)
1100 RB=PEEK(RB):RC =PEEK(RC)
1110 TM$=CHR$(48 +R7) + CHR$

(48+R6)+"":"' + CHR$(48+R5)

+CHR$(48+ R4)

1120 TM$=TM$+ "+ CHR$(48 +-
R3)+CHR$(48+R2)

1130 DT$=CHR$(48 + R9) + CHR$
(48+R8)+" "'+ MM$(RB +

10*RC)
1140 R2 = R2 + 10*R3
1150 R3 = R4 + 10*R5
1160 R4 = R6 + 10*R7
1170 R5 = R8 + 10*R9
1180 R6 = RA
1190 R7 = RB + 10*RC

1200 RETURN

Prior to calling the above
subroutine, the following portion of
program should be executed to
store the names of the months in
the array MM$:

10 DIM MM$(12)

20 DATA “JANUARY”,
"FEBRUARY"’, "MARCH",
“APR'L”, “MAY”/ //JUNEH

30 DATA “JULY", “"AUGUST”,
““SEPTEMBER"’, “OCTOBER",
““NOVEMBER"’, "“DECEMBER”

40 FOR N=1TO 12: READ
MMBS$(N):NEXT N

BUYLINES

The MM58174 real time clock/calendar
IC is available from Cricklewood Elec-
tronics, Technomatic or Watford Elec-
tronics. The PCB-mounting switches
and Nicad battery might be a bit tricky
to find unless you have industrial con-
tacts, but non-PCB types could be used
and wires taken to the PCB pads; there’s
enough room on the PCB, which is
available from our PCB Service as usual.
See page 87. The Euro connector is
stocked by Watford Electronics.
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Play the AMBIT numbers game ......

The_ long aw_aited implementation of on-line order processing iswith usatlast, and whilst this means that orders
for in-stock items can now be processed more efficiently, it also means that orders should be submitted using
stock codes for best results. Our current catalogue (75p)includes all order codes (watch out for the new
expanded Spring edition), but here’s an abstract from some of the more popular lines to use as a quick
reference.

Rememberthatyou canalsoaccess our catalogue viaREWSHOPon Prices shown here exclude VAT, and the P&P charge is currently
REWTEL, which now includes on-line current price and delivery  60p perorder(unlessotherwiseindicated). Rememberthat ourtele-
information. You need a 300 baud MODEM and RS232 terminal, sales service operates with human beings (not ‘dumb’ machines)
(various suitable configurations based on popular micros have from 8am to 7pm (and frequently later) Monday to Friday, and 9am
been published in recent past issues of Radio and Electronics to 8pm on Saturdays. REWSHOP operates 24 hours a day, 365 days

World). a year with full price and delivery information.
ALWAYS USE STOCK NUMBERS WHEN ORDERING PLEASE.
4080 CMOS Type Stock No.  Price Type Stock No.  Price Type Stock No.  Price Type Stock Me.  Price Trpe Stock No.  Price Type Stock No.  Pnce Type Stock No.
4703 2304701 448 748181 31-724181 0.07 74C914 29 74914 110 uA758 8100758 235 HA11223 6111223 218 25K134 6000134 310 6v8 12 00688

Type Stock No. Price | 4704 2304704 424 7415183 3174183 1.05 740918 29 74918 TBAB2OM 6100820 HAL1225 6111225 148 25K135 5000135  4.2§ 8v2 12 00828

4000U8 2208000 0.11 | 4705 2304705 424 | 7408180 3174190 039 | 740925  29.74825 TOAN028 6101028 HAIZ002 6112002 1.22 w0221 6000227 355 | 9w 1200818 0.0
4001 2304001 @01 | 4706 2004706 450 | 148191 3174191 039 | 140926 29 74926 T0A1029 6101029 RAW017 6112017 6.00 250753 5803753 234 | 10 1201008 0.40
4007 2304002 012 | 4720 2304720 400 | 748192 3174192 038 | 740921 2874927 INAYO4 6101034 HAI2402 6112402 1.9§ SMALL SIGNAL RF " 1200008 0.8
4007 2304007 013 | 4723 2004723 045 | 748193 3174193 (M1035  61-01004 HAIZAVT 6112410 V.20 12 1201208 0.18
4008 2704008 850 | 4724 230472¢ 095 | 745184 3174194 TOA0S4M 6101054 HAI2412 6112412 158 BFYS0 5606500  8.22 15 1201508 830
4000UB 2204000 P25 § 4725 2304725 2.24 | 48195 3174196 TAHCH0 TOAI082 6101062 W31 61137241 033 ar2d1 5806241 0.30 18 1201808 0.19
01t 2304017 o1 | 40018 2740014 054 | 745196 3174196 o TOAY072 101072 MKS0388 6150365 335 8F273 5806273 Q. 2 1202208 010
QU8 2204011 0.1 | 40085 2346085 0.9 | TUS187 31-74197 s TOAI0784 6101074 6. MKSOITS 6150375  3.85 BF274 5806224 0. 27 1202708 648
4012 2304012 0.4 | 40098 2340098 0.54 | 78LS22v 3074221 s TDAI083 6101087 198 MM53200 6153200 1.90 8F362 5806362 DAY n 1203308 018
4013 2304013 026 | 40106 2340106 0.8 | 7415240 3174240 Ttz TDAI0S0 6101080 .05 BF440 5806440 0.2
4015 2304015 050 | 40160 2940160 1.05 | 7415241 3174241 Tancss HAVLY? 61124 120 PRESCALER BFad 5806441 921
4016 2304016 022 | 40161 2340161 1.05 | 7815242 3174242 ETe HAIBE 6101196 200 U284 8102840 227 BF479 5806479 .68
4017 2304017 040 | 40162 2740162 105 | I4S243 3174243 X3 HAVISZ 6107197 100 1265 6102650 .48 8r6785 58.06673 .55 B8RYS5 100 52.55100  0.50
40163 2040163 105 | 745244 3174244 TR TOA220 6101220 140 | 285 6102660 243 | BFRO! 5807091 1.33 Cl0601 5200106 0.78
0174 2340174 418245 31.74245 uucms oise L1303 6101303  0.99 NCo00C 6101190 1295 | BFTSS 5610095 0.9 Q2201 5200122 148
40175 2340175 US251 3174251 mgm Al (MI307 5101307 155 MSL2302R 6102312 384 8FwS2 5806092 0.60 2N6403 5206403 222
40182 2340192 7418253 31.74253 ac2 z-“ MC1310P 6701310 190 MSL2318 6102318 184 BFYS0 5809050  0.90 INB073A 5808073 088
40193 2340193 788257 3174257 s 032 MCI330 6101330 1.20 MSMS523 6105527 10.30 NE2I936 5821935  5.00
40195 2340195 745258 J1-74258 J4HC108 o8 MC1350 6101350 120 MSM5524 6105524 1130 21X323 5806232
24LSXX raus2se 3r7e258 081 | 1AL ife HAYIZ0 6111370 190 | moussas  gr0sss  7es | IN2368A 5802369 BALANCED MIXERS
- . 705260 3174260 n2e | IR P HATI98 6101388 278 MSMSS26 6105526 145 R POWER SBLI 1200003 480
00 Jro7o0 wiy | 7aus266 3174266 020 | SRS T IMI4SBN 6114580  6.45 MSMS5271  61.55271 975 S8LI 8 1200017 500
801 3107400 0.1 | 748213 3174273 9. s e MCIB6P 6101496 1.25 ICM7108CP 6707108 .55 | BFWIBA 5908016 885 | spiix 1200023 633
JUS02 3107402 .41 | 7418279 3174279 o. - 511610 MRF2I7  58.14237  3.20
JAHC534 240 ICM7107CP 6107107 956 SAAY 1200033 10.00
74803 3107403 011 | 7415283 31724283 . e Ty L1611 N3 8107137 750 | MRF238 5814238 1080 | spara 1200043 1277
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pBRANDLEADING ELECTRONICS
NOW AVAILABLE IN KIT FORM
VOYAGER car Drive Computer

® A most sophisticated accessory. ® Utilises a single chip mask
programmed microprocessor incorporating a unique programme
designed by EDA Sparkrite Ltd. @ Affords 12 functions centred
on Fuel, Speed. Distance and Time. ® Visual and Audible alarms.
warning of Excess Speed, Frost/Ice, Lights-left-on. @ Facility to
operate LOG and TRIP functions independently or synchronously
® Large 10mm high 400ft-L fluorescent display with auto
intensity. ® Unique speed and fuel transducers giving a
programmed accuracy of + or —1% @ Large LOG g TRIP
memories. 2,000 miles. 180 gallons 100 hours. ® Full Imperial
and Metric calibrations. ® Over 300 components to assemble

A real challenge for the electronics enthusiast!

AT-80 _ s
Electronic Car Security System BN

® Arms doors, boot, bonnet and has security loop to protect
fog/spot lamps, radio/tape, CB equipment

® Programmable personal code entry system

® Armed and disarmed from outside vehicle using a special
magnetic key fob against a windscreen sensor pad adhered to
the inside of the screen @ Fits all 12V neg earth vehicles

® Over 250 components to assemble

Electronic Ignition Electronic Ignition
@ Inductive Discharge
® Extended coil energy ® Contactless or contact triggered
storage circuit ® Extended coil energy storage circuit
® Contact breaker driven ® Inductive Discharge ® Three position
@ Three position changeover switch changeover switch ® Distributor
® Over 65 components to assemble triggerhead adaptors included ® Die cast
® Patented clip-to-coil fitting weatherproof case @ Clip-to-coil orremote
® Fits all 12v neg. earth vehicles mounting facility ® Fits majorityof4 &6cyl.
} . 12V. neg. earth vehicles ® Over 145

components to assemble.

TX2002

Electronic Ignition

® The ultimate system @ Switchable
contactless ® Three position switch with
Auxiliary back-up inductive circuit.

@ Reactive Discharge. Combined capacitive
and inductive. ® Extended coil energy storage
circuit. ® Magnetic contactless distributor trigger-
head. @ Dnstrigutor triggerhead adaptors incluged
@ Can also be triggered by existing contact breakers

Electronic Ignition
® The brandleading system
on the market today
@ Unique Reactive Discharge
® Combined Inductive and
Capacitive Discharge

® Contact breaker driven ) ® Die cast waterproof case with clip-to-coil fitting ® Fits
® Three position changeover switch maijority of 4 and 6 cylinder 12v neg. earth vehicles
® Over 130 components to assemble ® Over 150 components to assemble

® Patented clip-to-coil fitting

® Fits all 12v neg. earth vehicles All SPARKRITE products and designs are fully covered by one or more World Patents.

MAGIDICE

Electronic Dice
® Not an auto item but great fun
for the family
® Total random selection
# Triggered by waving of hand
over dice
® Bleeps and flashes during 2 4 second
tumble sequence
® Throw disptayed for 10 seconds
@ Auto display of last throw 1 second in 5
® Muting and Off switch on base
# Hours of continuous use from PP7 battery
@ Over 100 components to assemble

PN Nl BN R = .
Tel: (0922) 614791 Allow 28 days for delive,

SPECIAL OFFER

“FREE” MAGIDICE KIT WITH
ALL ORDERS OVER £45-00

LR\ -

SPARKRITE | 82 Bath Street, Walsall. West Midlands, WS 1 3DE England

[ sEL ) <
SELF &
I ASSEMBLY KIT ES’I‘DASESS : eTi/a/e3 S
SX 1000 £12.95 S
| SX 2000 £19.95
TX 1002 £22.95
I ~Tx 2002 e | ENCLOSE CHEQUE(S)/POSTAL ORDERS FOR
AT 80 £32.95 & KIT REF
§ VOYAGER |  £64.95 CHEQUE NO.
MAGIDICE £9.95

PRICES INC. VAT. POSTAGE & PACKING
L}(— - N Ts N .
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FEATURE

FEVAS

Could the end be in sight for semiconductors? Once again ETI
gets a world exclusive, as Owen Bishop describes the
revolutionary technology which is poised to take us through to

the 21st Century.

t seems an age since the Gemini spaceflights of the mid-
Idle nineteen-sixties, yet then was born an entirely new

concept in electronics which has only just been
brought to production stage. Almost weekly we hear of
spin-offs from space-age technology, but this is one which
threatens to render obsolete almost all of today’s circuit
designs. Opto-technology, surface acoustic wave devices
and bubble memories are out of the running before they
have hardly begun to crawl.

FEVAs, Field Effect Voltage Amplifiers, were born in
the sixties, grew up in the seventies and, in the eighties,
are ready to take over all the functions that are performed
by semiconductor and related devices today. Their full
designation is SCFEVAs, which gives a clue to their origin,
for this is an abbreviation of Space-Channel Field Effect
Voltage Amplifiers. The space channel will soon replace
all the N-channel and P-channel devices we take for
granted nowadays.

Serendipity

No, this is not the acronym for yet another complex
electronic wonder but a word which means ‘making unex-
pected discoveries by accident’. FEVAs began this way
during one of the early space-walks of the Gemini mis-
sions. The immense potential of the discovery was realized
immediately by astronaut Lee Old, but it is only today that
the news is beginning to surface.

It happened like this. During their second space-
walk, the astronauts were engaged in a capsule-service
practise routine. Their task was to insert a plug of expand-
ed polystyrene into a recess in the rear of the capsule in
order to enhance its aerodynamic qualities in readiness for
re-entry into Earth’s atmosphere. You may think that ex-
panded polystyrene is an unlikely material for this purpose
but it has several features in its favour. Its strength-to-mass
ratio is one of the highest, a factor of immense importance
in space travel. As any handyman knows, another advan-
tage of expanded polystyrene is that it is easily cut, and as
any handyman also knows, the best way of cutting it is to
use a hot wire. The extremely high thermal insulating pro-
perties of expanded polysteyrene mean that a hot-wire
cutter functions perfectly, even in the sub-zero
temperatures of outer space. So it was to be a neat and
well-thou(;;ht-out manoeuvre, but then the unexpected
happened.

Blowing In The Wind

Whenever Lee switched on his hot-wire cutter, his col-
league ‘Gig’ Potter was alarmed by intense activity on the
Solar Wind Detector. This was an on-board experiment
devised by the Department of Applied Physics of the
University of Minniwaukee, the purpose of which was to
monitor the streams of electrons being repelled from the
Sun’s chromosphere. When the wire was hot, the effect
was like a solar gale! Lee immediately realized that there
must be some kind of interaction between his hot wire and
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the Solar Wind Detector. Electromagnetic interference
was immediately ruled out, for the wire was not coiled
and, in any event, was powered by direct current.

It must be that electrons from the atoms of the wire
were being energised by the heating, were escaping from
the confines of the wire and passing to the Solar Wind
Detector. Maybe there was an electric field caused by the
friction between Lee’s space-gloves and the expanded
polystyrene which was accelerating the electrons toward
the detector.

Back To Earth

We hear a lot about taking Earth-bound manufactur-
ing technologies to space to gain the advantages of the
conditions there, but this is a case of bringing the condi-
tions of space down to Earth. Lee’s penetrating insight told
him that the key to implementing his discovery was to
create space conditions on Earth, and the solution to this
problem was blindingly simple. Take a suitable container
and suck the air out of it! The space channel is, in fact,
known in everyday parlance as a vacuum. Lee resigned his
commission in order to devote himself full-time to pro-
moting the commercial aspects of his discovery. But Lee
was back on Earth in more senses than one! He soon came
up against the incredulity and stultifying caution of the
financial world, at whose door must be laid the blame for
the excessive delay in bringing to the human race the far-
reaching benefits of this new technology.

The FEVA Diode

Curiously enough, one of the key devices in this new
range does not in fact amplify voltages. It mirrors the
original space-walk conditions: enclosed in a sealed glass
capsule (Fig. 1) is a hot wire and a metal plate. When the
wire is heated by passing a current through it, and a poten-
tial difference is applied between the wire and the plate,
electrons flow from the wire to the plate across the space
channel. We have an electric current. As in the original
scenario, the plate (corresponding to the solar wind detec-
tor) is unheated, so electrons do not flow from the plate to
the wire. Current flows in only one direction, just as at a PN
junction in semiconductors. These devices have taken
their name from their semiconductor equivalent device
and are known as FEVA diodes. But whereas we have to
use highly purified silicon and rare metals such as an-
timony to manufacture a semiconductor device, the FEVA
needs nothing but sweet nothingness to provide its con-
ducting channel. Apart from the low-cost metals used for
making the wire and plate, the FEVA is constructed entire-
ly of re-cycled glass and plastic.

The story of the terminal pin design is an amusing one.
Lee was looking for something to hold his prototype FEVA
diode when he came across a handy four-pin socket
which had resided for years unused in his junkbox (Fig. 2).
He had never known the original purpose of this socket,
for it had been in the box when it was donated to him by
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FEATURE: FEVAs

PLATE

SPACE CHANNEL

ELECTRON FLOW

HOT WIRE

BASE

Fig. 1 The prototype FEVA diode. The base is of
formaldehyde-phenol plastic (known as Bakelite) and is not
to be confused with the base of a transistor.

his grandfather. It suited the present purpose well and,
such is the way of things once they have been found to
suit, there was no real incentive to re-design the socket for
later devices. The novel ‘kite’ configuration of the pins of-
fers many advantages over the old-fashioned DIL array. As
many electronics hobbyists known to their cost, it is so
easy to insert the IC the wrong way round, but this is quite
impossible with a FEVA.

Field Effect Devices

If the FEVA diode is the counterpart of the semicon-
ductor diode, the basic FEVA device typified by the
PM2DX (Fig. 3) is the equivalent of the field effect tran-
sistor. The so-called ‘grid’ is a sheet of wire gauze cunning-
ly introduced by Lee between the wire and plate to
modulate the electric field and so regulate the flow of elec-
trons in the space channel. A very small change in the
potential of this plate has a significant effect on the current
flowing through the device, simulating the effect of gate
potential in a conventional FET, though the mechanism is
somewhat different and at present less well understood. A
resistor placed in series with the plate (or anode as it is
now called, referring of course to the corresponding
anode terminal of the semiconductor diode) develops a
useful change of potential running to several tens of volts.
Incidentally, these devices work at high voltages, levels
thlat would reduce the ordinary FET to a bead of charred
silicon! .

Integration

No sooner had the initial designs been proven in ex-
tensive laboratory and field trials than the logical follow-up
was to put more than one device in the same capsule. An
early example is the ECH21 frequency converter (Fig. 4),
but already the OEMs, eager for the rapid and profitable
returns that this new technology will generate for many
decades to come, are pressing ahead with mind-boggling
developments.

The first commercial product incorporating the new
range of miniaturized FEVAs is to be launched in April
1983. This is a digital time-piece of elegant and sizable pro-

portions. No need- for the short-sighted to [put on their.
e

specs to read this one! It comes with a durable PVC back-
pack for the battery power supplies, with a choice of em-
broidered shoulder straps for the ladies. Those of you who
have a half-acre building-plot to spare and have planning
permission for a five-storey block, will be pleased to know
that the first 1-kilobyte FEVA-technology personal com-
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puter is due to be launched in April 1984. The installation
expenses may readily be recouped, for it incorporates
heat-exchangers which may be connected as a thermal
source for your local district-heating scheme.

In the meantime, hobbyists can throw away their
magnifying glasses and turn to the man-sized technology
of the future. Mauldin Electronics Ltd and Armpit Interna-
tional are both marketing a hobbyist familiarization con-
version kit which includes an assortment of FEVAs, 3kg of
FEVA sockets, four square metres of 14 swg aluminium
sheet for mounting the FEVA sockets (‘chassis is the newly
coined term), a 50 W soldering iron with 8 mm bit, an
oven-glove for use in handling hot FEVAs and a colourful
but comprehensive wall-chart on first aid for electrocuted
ﬁersons. Our own sister magazine, Spam Radio Today, is

oping to publish details of a transceiver project using
these devices.

Coming Of Age :

The heady days of the development era of the FEV
are over. The name itself, harking back to the sixties, is
nowadays thought to be too flippant for a technology
which is to bring Britain back to world domination in the

HOT WIRE
PLATE

MOUNTING HOLES HOT WIRE

Fig. 2 Yet another type of socket to add to the massive range
we already have. Known as the UX4, it is the new standard
socket for FEVA diodes, and is available in a range of
attractive colours: black, brown, grey or buff.

electronics of the twenty-first century (and beyond?).
There is a strong move afoot to rename FEVAs even before
their first name becomes a byword to the man in the
street. For one thing, with the advent of the Shuttle, space
technology is becoming commonplace and no longer ex-
cites the imagination as it once did. The new name for this
technology firmly faces facts, replacing ‘space channel’ by
‘vacuum’. So if you never hear anything more about
FEVAs, the wonder of our age, keep a sharp look-out for
their new designation — Vacuum Linked Voltage Ex-
Eanders. The new name is sticking well and already the

ack-room boys have affectionately shortened this to
'VALVE'.

GRID

HOT WIRE 1

Fig. 3 (Left) Pin-out schematic of the PMZDX, the basic
FEVA amplifier.

Fig. 4 (Right) Pin-out schematic of the ECH21, the FEVA
technology frequency counter. Is this the first step towards a
computer in a capsule? @

ETI APRIL 1983



Who but the people who made the micro possible
could help you understand it?

The Texas Instruments
Electronic Library.

An in-depth series in understanding today’s world of electronics.

The Understanding Electronics Series was specially
devTclioped and written to give you an in-depth knowledge of this
world.

Each book is comprehensive, yet easy to understand. As
informative for the electronics buff as for someone who's simply
interested in what's going on today.

Together the library will give you the most complete range
of titles available. Take advantage of our introductory offer
and choose the book, or books you want from the titles below.
You'll ind whole new worlds of advanced technology unfolding
before you.

Everything you've always wanted to know about:

1. Understanding Electronic Control of Energy Systems.
1st edition. Ref. LCB 6642. Covers motor, generator, power distribution,
heating, air conditioning, internal combustion engine, solar and nuclear
systemns. Softbound 272 pages. £3.95.

2. Understanding Electronic Security Systems.

Ist edition. Ref. LCB 7201 A complete guide covering the basics of hard
wired, photosensitive, infrared, ultrasonic and microwave systems and their
use in different applications. Softhound 128 pages. £1.95.

3. Understanding Solid State Electronics.
3rd edition. Ref. LCC 3361 The principles of solid state theory. It explains
electrical movement, with intermediate tuition on the applications of solid

state devices. Softbound 282 pages. £3.95.

4. Understanding Digital Electronics. st edition. Ref. LCB 3311
Describes digital electronics in easy-to-follow stages. lt covers the
main families of digital integrated circuits and data processing systems.
Softbound 260 pages. £3.95.

5. Understanding Microprocessors. lst edition. Ref. LCB 4023.
An in-depth look at the magic of the sofid state chip. What they are, what

they do. Applications of 8-bit and 16-bit microprocessors; and design
from idea ro hardware. Softbound 288 pages. £3.95.

e

ENERGY CONVERSKR :2

R

WATER RESERVOIR
(POTENTIAL ENERGY)

P 3 %

L

l To: Texas Instruments Limited, PO Box 50, Market Harborough, Leics.
Please send me the following publications:
] REFERENCE NO. QTY REFERENCE NO. QTY.

6. Understanding Computer Science. Istedition. Ref.LCB 5471
This book tells you in everyday English how today’s computer has
been developed, what goes on inside it, and how you tell it what to do.

Softbound 278 pages. £3.95.

7. Understanding Communications Systems.
1st edition. Ref. LCB 4521 An overview of all types of electronic communi-
cations systems. Softbound 282 pages. £3.95.

8. Understanding Calculator Maths. ist edition. Ref. LCB 3321
Brings together the basic information ~formulae, facts, and mathematical
tools —you need to “unlock” the real power of the hand-held calculator.
Softbound 230 pages. £3.95.

9. Understanding Optronics. st edition. Ref. LCB 5472.
Optronics is the application of light and electronics to perform a wide
range of useful tasks. From car headlights to missile guidance systems.

Softbound 270 pages. £3.95.

10. Understanding Automotive Electronics.

Ist edition. Ref. LCB 5771 Learn how electronics is being applied to
automobiles. How the basic mechanical, electrical and electronic functions
and the new microprocessors and microcomputers are being applied in
innovative ways for vehicle drive train control, motion control and
instrumentation. Softhound 288 pages. £3.95.

How to order

Fill in the coupon below or if someone else has already used it, simply:
1. List reference numbers and quantities required.

2. Calculate total order value. Add £1.50 for postage and packing.

3. Send the list, plus your cheque payable to Texas Instruments Ltd,
PO Box 50, Market Harborough, Leicestershire.

Allow 30 days for delivery.

*3

———

1 1
8.
9.
10.

o [ |a [w -

I enclose a cheque for £

Name

Company (if any)
Address

Free title choice: Understanding rl

Registered offices Texas Instruments Ltd, Manton Lane, Bedford MK41 TPA.
Registered number: 574102 England.
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graphics...
From only

£125!

First, there was the world-beating
Sinclair ZX80. 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 ZX81remains 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 colourand sound. High-
resolution graphics. And a low price that'’s
unrivalled.

Professional power-
personal computer price!

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

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

You have the facility to support
separate datafiles.

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) ora massive 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
foran upgrade. The cost? Around £60.

Sinclair ZX Spec

16K or 48K RAM...
full-size moving-
key keyboard...
colour and sound... |
high-resolution | L=k

. Employing Sinclair BASIC (now used control.
in over 500,000 computers worldwide) @ Sound -BEEP command with variable
the ZX Spectrum comes complete with pitch and duration.
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<> <>

AR N
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INV.VIDEO <2

N\ §\\\\§“.\§
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e Gy
[

MAGENTA
TRUE VIDEO
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B

RED
CAPS LOCK

=
R\

“ BLUE

MOVE 3

\ ASSKSSN

'MERGE
RESTORE

RN R

% ~

=) 2 KB 62

A N
AN | WL - <

Ready to use today,
easy to expand tomorrow

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

Key features of the
Sinclair ZX Spectrum

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

two manuals which together represent a
detailed course in BASIC programming.
Whetheryou're abeginner or acompetent
programmer, you'll find them both of im-
mense help. Depending on your computer
experience, 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-avaitable 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.

® 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.

@ ASClI character set-with upper-and
lower-case characters.

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

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

@ Sinclair 16K extended BASIC -
incorporating unique ‘one-touch’
keyword entry, syntax check, and
report codes.
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ZX Spectrum software on
cassettes —available now

The Spectrum software library is
growing every day. Subjects include
games, education, and business/
household management. Flight
Simulation...Chess...Planetoids...
History...Inventions.. VU-CALC.. VU-3D
...ClubRecord Controller...thereis
something for everyone.And they all
make full use of the Spectrum’s colour,
sound, and graphics capabilities. You'll
receive a detailed catalogue with your
Spectrum.

ZX Expansion Module

This module incorporates the three
functions of Microdrive controller, local
area network, and R$232 interface.
Connectit to yourSpectrum and you can
control up to eight Microdrives,
communicate with other computers, and
drive a wide range of printers.

The potential is enormous, and the
madule will be available in the early part
of 1983 for around £30.

— g | v — | | g

Sinclair Research Ltd, Stanhope Road,
Camberley, Surrey GU15 3PS.
Tel: Camberley (0276) 685311.
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The ZX Printer-
available now

Designed exclusively for use with the
Sinclair ZX range of computers, the
printer offers ZX Spectrum owners the full
ASCIl character set~including lower-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 9lines 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 for the ZX Spectrum, are set to
change the face of personal computing
by providing mass on-line storage.

Each Microdrive can hold up to 100K
bytes using a single interchangeable
storage medium. ‘

The transfer rate is 16K bytes per
second, with an average access time of
3.5seconds.And you'll be able to connect
up to 8 Microdrives to your Spectrum via
the ZX Expansion Module.

A remarkable breakthrough ata
remarkable price. The Microdrives will be
available in the early part of 1983 for
around £50.

How to order your ZX Spectrum

BY PHONE ~Access, Barclaycard or
Trustcard holders can call 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.

| Qty Item Code Item Price Tostal |
| Sinclair ZX Spectrum-16K RAM version 100 125.00 |
| Sinclair ZX Spectrum-48K RAM version 101 175.00 |
l Sinclair ZX Printer 27 59.95 |
Printer paper (pack of Srolls) 16 11.95
| Postage and packing: orders under £100 28 2.95 |
| orders over £100 29 495 |
Total £
| Please tickif you require a VAT receipt ] |
| *| enclose a cheque/postal order payable to SinclairResearchLtdfor& |
l *Please charge to my Access/Barclaycard/Trustcard accountno. |
*Please delete/complete I N
| as applicable |
| |Signature | |
PLEASE PRINT
||Name:Mr/Mrs/Miss| I I S T T s I O A u'
| Adoress | | [ 1 1 1 1 11411141t 11l
||l|lIIIlIIILlIIIIllIIIIIlLJ]
|lllllIlllILllllllIlllllllEmoaJ|
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STAGE LIGHTING

PART 3

Design by David Colven and lan Cleverley.

Setting Up
Set SW5, the manual/auto switch,
to manual for the channel designated
‘0’. Check that the master blackout
switch is off, and that RV 1 for that
‘channel is set to minimum (the manual
“slide pot). Set the speed-up switch SW4
to off, and turn PR8 to minimum, Now

switch on the mains and set PR9 to mid-

position. Slide RV1 to maximum and
adjust PR7 for maximum light output,
Then slide RV1 to minimum and set
PR8 to give minimum light output (the
bulb should just glow). Repeat these
adjustments until the light glows at the
minimum setting of RV1 and is full on
at the maximum setting.

To set up the auto-fade units, first
set SW5 for the channel to automatic,
with RV1 at minimum, Set PR6 on the
channel to be calibrated to minimum

and set the scene select switches to ‘00’.

Now, using the keyboard, program the
channel, ‘00’, the lighting level, ‘0’, and
the time duration, ‘37’. Press the enter
button; the display should now read
‘00 0 37’ Enter the following:

SCENE DATA
01 00137
02 00237
03 00337
04 00437
05 00537
06 00637
07 00737

Remember to press the enter button
after each entry of five digits. Now set
the scene selector switches to ‘07’ and
press SW1, Set PR5 one-third of a

N g

rotation ciockwise from minimum, set
PR13 to maximum, and adjust PR6 to
give the maximum light output. Now set
the scene selector switch to ‘00’ and
press SW1 again. Adjust PR1 for
minimum light output (the light should
just glow). Now by using the scene
select switches and the scene change
switch to step through the data
sequence just programmed in, the
remaining presets PR2,3,4,10,11 and 12
may be adjusted as appropriate to give
the eight lighting levels.

To adjust for an even ramp rate,
reset the scene select switch and press
the scene change switch so as to
compare the time between the light

rising to the preset level and falling to
zero, If there is any difference, adjust
PR5 until the time rise and fall times of
the light level are about the same,
Alternatively, if you have a scope you
can inject a signal at pin 2 of 1C29 and
look at the output (pin 6). Adjust PRS
to give a square wave with equal mark-
space ratio. :

This completes the setting-up for
the first channel. Repeat for the other
channels, but remember when
programming to change the channel
number as appropriate for the first two
key presses (‘01’ for the next cannel and
so on),

PARTS LIST
H 1, 0
E:.sustors (all é_)h(l),g,{;) cs 741504
R2-4 10k 1C6-9 74LS75
RS 100R 1C10-13 74L547
R6 390R 1C14 74LS163
R7-36 180R 1C15-18 74L502
R37,38 560R IC19 74LS154
R39’ 22k IC20 74L5109
R40,42-50 1kO 1C21 74LS00
R41 1k5 1C22 6116
R88,89 470R 1C23,24 81LS97
Capacitors Q1,2 BC108
C1,3,4,26 100n polycarbonate or D21,22 TN4148
polyester ZD1 2V7 400 mW zener
Cc2 33u 16 V tantalum DISP1-5 0.5” common-anode seven
C5 1u0 35 V tantalum segment displays
Semiconductors Miscellaneous
1C1 74LS123 SW1 SPCO push-button or
1C2 4017 toggle
1C3,4 74LS08 PCBs (see PCB Service ad on page 87).
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ROBOTICS
FANS!!!
LOOK!!

4 oOnLY

£4.95

“BIG TRAK” MOTORIZED GEARBOX

Thesq units are as used in the “'Big Trak” computerized vehicle, and offer the experimenter in
robotics the opportunity to purchase the electro-mechanical parts required in buitding remote con-

trolled vehicies. The unit comprises:

8} 2 x 3V motors, linked by a magnetic clutch, thus anabling turning of the vehicle;
b} A gearbox contained within the black ABS housing reducing the final drive speed to ap-

prox 50rpm.

Data is supplied with the unit showing various options on driving the motors, as well as a direction
controller circuit, enabling the unit to turn right, left or go straigt ahead.

2N3055 SCOOP!!

Made by Texas — full spec devices, 60p each; 10
for £4; 25 for £9; 100 for £34; 250 for £75; 1000
for £266.

COMPUTER SOFTWARE

We now sell a range of tapes and books for
DRAGON 32, SPECTRUM, Zx81, 8BC and
VIC20. Send s.a.e. for list stating for which com-
puter required, or call in our shop.

SIMON GAME

Simon is back again. Another supply of ready built
PC8’s for this flashing light/puisating tone com-
puterised game is now with us. Supplied tested
and working with speaker and instructions. £4.95.

COMPUTER BATTLESHIPS

Probably one of the most popular electronic
games on the market. Unfortunately the design
makes it impractical to test the PC8 as a working
model, although it may well function perfectly. in-
stead we have tested the sound chip, and sell the
board for its component value only {PCB may be
chipped or cracked), SN76477 sound IC:

TMS1000 u-processor; batt clips, R's, C's etc
Size 160 x 140mm. Only £1.60. Instruction book
and circuit 30p extra.

LIE DETECTOR

Not a toy, this precision instrument was originally
part of an "Open University’ course, used to
measure a change in emotional balance, or as a lie
detector. Full details of how to use it are given,
and a circuit diagram. Supplied complete with
probes, leads and conductive jelly. Needs 2 41V
batts, Overall size 155x100x100mm, Onty £9.96
worth that for the case and meter alonel

AA NI-CADS 10 for £9.95
Brand few nickel cadmium batteries by GE, stan-
dard 1.2V at 450mA/H. Professionai quality with
solder tags both ends. Special price, £1.40 ea; 10
for £9.85; Box of 80 £65.

Nicad Charger: Charges up to 4AA, C or D cells

PP3. Only £7,95.

.-
b

NOwW
REDUCED
TO £3.95

ELECTRO DIAL

Electrical combination lock-for maximum security-
pick proof. One mitlion combinations!! Dial is turn-
ed to the right to one number, left to a second
number, then right again to a third number. Only
when this has been completed in the correct se-
quence will the electrical contacts ciose. These
can be used to operate a relay or solenoid. Overall
dia 65mm x 60mm deep. Onty £3.95,

FERRIC CHLORIDE

New supplies just arrived — 250mg bags of
granules, easily dissolved in 500ml of water, Only
£1.15. Also abrasive polishing block 96p.

STABILIZED PSU PANEL

A198 A versatile stabilised power supply with both
voltage (0-30V) and current (20mA-2A} fully
variable. Many uses inc bench PSU, Ni-cad
charger, gen, purpose testing. Panel ready built,
tested &nd calibrated £7.78. Suitable transformer
and pots £8.00. Full data supplied

REED RELAYS

Manufacturers rejects DiL and other PCB
mounting types. SP, DP and 4P — make, break
and c¢/o contacts. Not tested, so may be only par-
tially working or o/c etc, so very low price — pack
of 10 assorted £1; 25 £2.00; 100 £7.00.

TELESCOPIC AERIALS

As used in Sinclair microvision, 9 section
100-610mm. Only 95p,

IN4148 — BEST PRICE
EVER

Supplied in packs of 100, by Toshiba £2 per pack;
3 packs £5.50; 10 packs £15; 25 packs £32; 100
packs £115.

COMING SOON . . .
MORE COMPUTER GAMES PCB's
— MICROVISIONS, ALPHIE,
AVENGER, INTRUDER, AND
STARBIRD

GREENWELD

443A MILLBROOK ROAD, SOUTHAMPTON SO1 0HX
All prices include VAT — just add 50p post. Tel (0703)
772501

Wremven. e B e

POWERFET AMPLIFIERS

NEW DESIGNS

With the introduction of four new boards PANTECHNIC have pushed forward the

performance and reliability of their powertfet amplifiers. Four key improvements

have been incorporated in these second generation modules -

1.) The use of H-PAK powertets, resulting in improved thermal efficiency and
consequently enhanced power output capabilities.

2.) Low Cop drivers now in power transistor packages, maintaining the superb HF
performance and improving driver reliabitity.

3.} Separate driver and input supply rails alowing a 10% increase in available output
power by increasing output stage efficiency.

4.) Bridge mode input pin allowing instant bridging between any two amplifiers

without the need for extra circuitry.

PFA100 Specification

Bandwidth 10Hz-100KHz + 1dB
Output Power into 811 100W (Vs = + 55V)
THD (20Hz-20KHz)  <0.008%
g:‘lD {1KHz at 100W)  0.004% typ.

R

12048
Slew rate >30V/uS B
Gain x 23
Rin 30K
Vs max 1 0V
Price

£17.35 (Built & Tested)
£15.17 (kiv

"PFA100 120W into 82 (Vg = + 60V)

PFA200 Specification

Bandwidth 10Hz-100KHz + 1dB
Output power into 80 150W (Vs + 60V}
THD (20Hz-20KHz)  <0.006%
THD {1KHz at 150W} 0.002% typ

1204

SNR B

Slew rate >30 V/us

Gain x23

Rin 30K

Vs max + 70V
Price

£23.87 (Built & Tested)

180W into 81}
PFA200 180W into £21.70 (ki)

300W into 4Q(Vg = + 67V)

And for those with a taste for power . ..

® PFAS500 Delivers 475W into 4 ohms and 600W into 2 chms. These highly current
capable units can deliver 25 amps continuous into a load, whilst mair_\taining the
exemplary performance figures of the smaller units . . £42.00 {built & tested)

® PFA/HV A very special module aimed at digital audio and wide dynamic range
programme material. Delivers 300W into 4 ochms and 8 ohms on a continuous
basis, it will peak for musically significant periods of time at up to 5dBs above this.
The PFA/HV is the widest dynamic range power amplifier currently available
G0R20080000500000050 000056000 cooooo. ... £34.30 (built & tested)

® THE HEAT EXCHANGER. Other people sell heatsinks. Pantechnic design,
manufacture and sell heatexchangers. Re-examination of the heat transfer process

has resulted in a radically new design possessing greatly improved efficiency. The
unit7” x 4" x 2" handles PFAs up to 300W or 1.2KW when blown . .£7.50

POWER SUPPLY COMPONENTS

Toroidal Mains Transformers

Vottage 16avA ‘41 225 va 44 300 vA 1% 500 va r%VA
T
|
1

T40.0.40 |+ 971 |1 11.36 ! 12.32

45-0-45 11.36 12.32 16.05 —

50-0-50 i [ ‘ 16.05

—— 1

Special low flux windings. Carriage included

+18.80

25A 400PIV Bridge rectifier £2.17 For the PFA/HV 500VA 70-0-70
10,000uf 80V Electrolytics £4.13 £16.05
30,000uF 75V Electrolytics £10.00 10,000uF 100V Electrolytics £5.70

Phone or write for advice on selacting the right components for your
particular application.

All prices excl, VAT. Carriage 75p. Trade supplied

Ask about our preamps, protection boards
and active crossovers

THE POWERFET SPECIALISTS

pantechnic

(incorporating J.W. Rimmer)
Mail order onlv {o: -
Dept ET1/3, 148 Quarry Street, Liverpool L25 6HQ,
Telephone: 051 428 8485
Technical enquiries
Phil Rimmer 01-800 6667
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EAECTRONIC AGNITION

] e

IS
YOUR CAR
AS GOOD AS IT COULD BE ?

* Is it EASY TO START in the cold and the damp? Total Energy
Discharge will give the most powerful spark and maintain full
output even with a near fiat battery.

Y Is it ECONOMICAL or does it “go off” between services as
the ignition performance deteriorates? Total Energy Discharge
gives much more output and maintains it from service to
service.

Y Has it PEAK PERFORMANCE or is it flat at high and low revs.
where the ignition output is marginal? Total Energy Discharge
gives a more powerful spark from idle to the engines max.
{even with 8 cylinders).

* Do the PLUGS and POINTS always need changing to bring
the engine back to its best. Total Energy Discharge eliminates
contact arcing and erosion by removing the heavy electrical
load. The timing stays “‘spot on’’ and the contact condition
doesn’t affect the performance either. Larger plug gaps can be
used, even wet or badly fouled plugs can be fired with this
system.

PROTECT

YOUR CAR

WITH AN
ELECTRONIZE
ELECTRONIC ALARM

* 2000 COMBINATIONS provided by an electronic key - a
minature jack plug containing components which must match
each individual alarm system. {Not limited to a few hundred
keys or a four bit code).

+¥¢ 60 SECOND ALARM PERIOD flashes headlights and sounds
horn, then resets ready to operate again if needed.

Y 10 SECOND ENTRY DELAY allows owner to dis-arm the
system, by inserting the key plug into a dashboard mounted
socket, before the alarm sounds. (No holes in external
bodywork, fiddly code systems or hidden switches). Re-
closing the door will not cancel the alarm, before or after it
sounds, the key plug must be used.

* INSTANT ALARM OPERATION triggered by accessories or
bonnet/boot opening.

Y 30 SECOND DELAY when system is armed allows owner to
lock doors etc.

[ ] )
& Access and Visa
Welcome . Write or

Fy N i
Phone Quoting Number

AUTO-ELECTRONIC PRODUCTS

KITS OR READY BUILT

* Is the PERFORMANCE SMOOTH.The more powerful spark

of Total Energy Discharge eliminates the ‘near misfires’whilst
an electronic filter smooths out the effects of contact bounce
etc.

Most NEW CARS already have ELECTRONIC IGNITION.
Update YOUR CAR with the most powerful system on the
market - 3% times more spark power than inductive systems -
3% times the spark energy of ordinary capacitive systems, 3
times the spark duration.

Total Energy Discharge also features:

EASY FITTING, STANDARD/ELECTRONIC CHANGEOVER
SWITCH, LED STATIC TIMING LIGHT, LOW RADIO
INTERFERENCE, CORRECT SPARK POLARITY and
DESIGNED IN RELIABILITY.

* IN KIT FORM it provides a top performance system at less than

half the price of competing ready built units. The kit includes:
pre-drilled fibreglass PCB, pre-wound and varnished ferrite
transformer, high quality 2uF discharge capacitor, case, easy
to follow instructions, solder and everything needed to build
and fit to your car. All you need is a soldering iron and a few
basic tools.

FITS ALL NEGATIVE EARTH VEHICLES
6 or 12 volt, with or without ballast.

OPERATES ALL VOLTAGE IMPULSE TACHOMETERS:
(Older current impulse types need an adaptor).

STANDARD CAR KIT £15-90
Assembled and Tested £26-70

PLUS
P.&P.
£1({U.K.)

TWIN OUTPUT KIT £24-55 | Prices

For Motor Cycles and Cars with twin ignition systems include

Assembled and Tested £36-45| VAT

Don’t Wait Until
Its too Late ~
Fit one NOW!

Y DISABLES IGNITION SYSTEM when alarm is armed.

* IN KIT FORM it provides a high level of protection at a really
low cost. The kit includes everything needed, the case,
fibreglass PCB, CMOS IC’s, random selection resistors to set
the combination, in fact everything down to the last nut and
washer plus easy to follow instructions.

FITS ALL 12 VOLT NEGATIVE EARTH VEHICLES.
SUPPLIED COMPLETE WITH ALL NECESSARY LEADS
AND CONNECTORS PLUS TWO KEY PLUGS

PLUS
P. &P
£1(U.K.)
Prices
include
VAT

CAR ALARMKIT £24-95

ASSEMBLED AND TESTED £ 3795

ELECTRONIIE DESIGN

Dept.D - Magnus Rd - Wilnecote
Tamworth B77 5BY
tel: 0827 281000




DESIGNING

NDFL AMPS

The use of nested differentiating feedback loops (NDFLs) is a
new technique for reducing audible-frequency distortion in an
amplifier to a vanishingly low level. As the name implies, NDFLs
rely on negative feedback, but they use it in a new way. Edward
M. Cherry, Associate Professor of the Department of Electrical
Engineering, Monash University, explains the theory involved.

technique can improve an amplifier, we first need to

know the fundamental limits to the reduction of distor-
tion that can be achieved with conventional techniques.
To begin with, we survey familiar negative-feedback
theory.

Figure 1 is a block diagram of an amplifier with
negative feedback. In this diagram, the forward path cor-
responds to the amplifier before feedback is applied, and
its gain is traditionally designated by the Greek letter .
The feedback network returns a fraction 8 of the output to
the input circuit, where it is in some way subtracted from
thehtrue input to provide the actual input to the forward
path.

In many practical amplifiers, the subtraction is ac-
complished by applying the input and feedback signals to
the two inputs of a balanced differential first stage of the
forward path. Figure 2 is an outline practical circuit. In this
circuit the feedback factor 8 is the attenuation of the net-
work comprising R, and R;,

Re,
B=_RF|—':R_F2 (1)

A typical value for an audio power amplifier might be
1/20. The forward-path gain p in Fig. 2 corresponds to gain
from input to output when the feedback network is remov-
ed. A typical value for a simple audio power amplifier
might be 1000.

For Fig. 1, the overall closed-loop gain A is given
precisely by ™

A =

In order to understand just how far the new NDFL

Output  _ 3 2)
[nput — T+ uB

The quantity u8 is called the loop gain. Physically, loop
gain is the gain that would be observed if the feedback
‘loop’ in Fig. 1 was cut at some point, a signal was injected
into one side of the cut, and the resulting signal at the
other side of the cut was measured. .

If the values of u and § are such that loop gain is small
compared with unity, the closed-loop gain is very nearly
equal to the forward-path gain (that is, the gain without
feedback)

A — u (3)
uB<1
However, if loop gain is large compared with unity, the
closed-loop gain approaches the reciprocal of the feed-

46

SUBTRACTOR back factor and becomes

almost independent of the
forward-path gain

A—1/8 (4)
B >1

The quantity 1/B is often
called the demanded gain,
as it is the value the overall
closed-loop gain  would

FORWARD OUTPUT
PATH

#

INPUT +

FEEDBACK

FEEDBACK
NET%VORK

Fig. 1 Block diagram of a
feedback amplifier.

take in ideal circumstances.

As a numerical example, if we substitute the above
values u = 1000 and 8 = 1/20 into Equation 2, the gain of
our ‘typical’ audio power amplifier works out as A = 19.6.
The approximate Equation 4 predicts A — 20, within 2% of
the correct answer.

The quantity 1 + uf occurs often in feedback theory.
It is called the return difference F.

F=14+uB (5)
Physically, return difference has the significance
F forward-path gain ©6)

closed-loop gain

For values of loop gain greater than about 10, loop gain

and return difference are almost equal — in our ‘typical’
example the value are 50 and 51 respectively.

Simplified treatments of feedback theory show that, if
the distortion generated in the forward path (that is, the
amplifier without feedback) at a particular output signal
amplitude is D,, then the resulting closed-loop distortion
D, at the same output signal amplitude is

D. = D,F (7)
Distortion is improved when feedback is applied to an
amplifier by a factor equal to the return difference. {n our
‘typical’ amplifier, F = 51; if the distortion without feed-
back happened to be 10%, then feedback should reduce
the distortion to 0.196%.

More rigorous treatments of feedback theory show
that Equation 7 is no more than a poor approximation to
the truth. In the first place, real amplifiers are far more
complicated than Fig. 1 suggests, because several different
feedback paths (not all intentional!) can be identified. For
example, the collector-base capacitances of transistors in-
evitably provide some unintended feedback at high fre-
quencies. There is a very real problem in interpreting just
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Fig. 2 Outline circuit of an audio power amplifier.

what loop gain and return difference mean when there is
more than one feedback loop. Once the correct inter-
pretation is established, return difference invariably turns
out to be a function of frequency, and the reduction of
distortion corresponding to Equation 7 depends on the
value of return difference at the frequency of the distor-
tion, not the frequency of the input. Feedback therefore,
does not reduce all distortion components equally.

Finally, it is found that the closed-loop distortion of an
amplifier can contain new components that were not pre-
sent in the distortion that existed in the forward path
before feedback was applied. These new distortion com-
ponents initially increase as loop gain is increased, but
':hey fall away again towards zero as loop gain is made
arge.

Despite all these complications, the fact remains that
adequate negative feedback, properly applied, does
reduce distortion. Why, then, do amplifier designers not
simply apply some arbitrarily large amount of feedback
and reduce amplifier distortion to the vanishing point?

TIM, IIM, PIM, . ..

In the last 10 years or so, readers of audio magazines
have been made aware of a conjecture that goes
something like this:

““Harmonic distortion and the usual intermodulation
distortion decrease with increasing feedback. Tran-
sient intermodulation distortion (TIM) increases with
increasing feedback, and is approximately directly
proportional to the feedback. Therefore, there is an
optimum value for the feedback at which the subjec-
tive distortion sensation is least. This optimum feed-
back is unlikely to exceed about 20 dB.”

More recently, there has been conjecture that heavy
overall feedback should be applied with caution if inter-
face intermodulation distortion (IIM) is to be avoided. An
amplifier should provide a low open-loop output im-
pedance so that the need for feedback-generated
loudspeaker damping is minimised.

There has also been conjecture that negative feed-
back, which reduces the usual intermodulation distortion,
may increase phase intermodulation distortion (PIM) by
converting amplitude nonlinearities into phase non-
linearities.

Unequivocally, none of these conjectures has any
basis in the new NDFL amplifiers. As an aside, there is a
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substantial body of opinion that none of these conjectures
has any basis, full stop; interested readers should refer to
References 1-9.

Instability And Oscillation

A fundamental limit to the amount of feedback that
can be applied to an amplifier is set by the onset of in-
stability and oscillation.

If the magnitudes of the forward-path gain and
demanded gain of the idealised Fig. 1 are plotted versus
angular frequency « (in radian/second) on logarithmic
scales, the resulting graph looks something like Fig. 3. The
3 dB bandwidth of the amplifier without feedback is 1/7,,
and the gain-bandwidth product (at which gain drops to
unity) is 1/7,.

Because the graph is on logarithmic scales, the separa-
tion between the curves of forward-path gain and
demanded gain is the loop gain (remember that, to divide
two numbers, you subtract their logarithms; if you divide p
by 1/8, you get uB). The magnitude of loop gain falls to uni-
ty at the frequency 1/7, where the curves intersect and
their separation is zero (remember that the logarithm of
unity is zero).

By a similar argument, return difference is the separa-
tion between the curves of forward-path gain and closed-
loop gain, as indicated in Fig. 3.

We could make a similar graph to Fig. 3, showing the
phases of pand 1/8. Again, the phase of loop gain would turn
out to be the separation between the two curves.
However, there is a remarkable piece of mathematics due
to Bode, who used a transformation evolved by Hilbert
(1862-1943), which shows that there is a relation between
the magnitude and phase of the response of any linear
system. Subject to some qualifications, our proposed
graph of the phases is completely predictable from Fig. 3
and contains no new information. Interested readers may
refer to Chapter 14 of Bode’s book (Reference 10) but are
warned that it is anything but easy going!

As an example, many readers will know that, if the
forward-path in Figs. 1 and 7_has a high-frequency cut-off
rate variously described as single pole, 20 dB/decade, or 6
dB/octave, then its phase shift is 45° at the 3 dB cut-off fre-
quency 1/7, and is asymptotic to 90° at very high
frequencies.

In 1932, Nyquist applied a theorem which dates back
to Cauchy (1789-1857) to derive the condition for a feed-
back amplifier to be stable and free from oscillation. If a
polar plot is made of the magnitude and phase of return
difference as frequency is varied, a vaguely ‘snail-shaped’
curve results. Such a polar plot is called a Nyquist
diagram. Subject again to some qualifications, the stability
criterion for a feedback amplifier is that its polar plot of
return difference should not enclose the origin. Figure 4

3
GAIN ACTUAL CURVE
(LOG SCALE)

3d8
o FORWARD-PATH GAIN ¥

CLOSED LOOP GAIN

Fig. 3 Logarithmic plots of gain versus frequency for Fig. 1.‘
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shows one example each of a stable situation and an
unstable situation.

Because the phase of return difference can be
predicted from Fig. 3 via Bode’s result a Nyquist diagram
can also be constructed from Fig. 3 and the onset of in-
stability can be predicted. In 1945 Bode showed that Ny-
quist’s criterion could in fact be expressed in terms of the
gradients of the curves in Fig. 3, thereby eliminating the
work of finding the phase expllcnly and plotting the Ny-
quist diagram. Bode’s exact rule is complicated, but a
useful paraphrase is

“If in graphs such as Fig. 3 the separation between
the forward-path gain and demanded gain decreases
toward zero at a rate not exceeding 30 dB/decade,
the amplifier is unlikely to oscillate.”

This paraphrase makes no allowance for the
tolerances on components. It assumes, in effect, that
everything about the forward path is well known and con-
stant. In the audio context, the paraphase takes no
cognizance of the fact that the capacitance of the leads
that connect an amplifier and loudspeaker is anything but
well known. A more conservative rule, applicable to the
audio context, is therefore

“’In graphs such as Fig. 3, the separation between the
forward-path gain and demanded gain should not
decrease towards zero at a rate exceeding 20
dB/decade.”

transistors is a fraction of a nanosecond, but for power

transistors of the ubiquitous 2N3055 class the transit time

may be as long as a few tenths of a microsecond. Thus, the

I?Au'fiput stage of Fig. 2 may have a pole in the vicinity ‘of 1
z.

As we saw in the previous section, the unity-loop-gain
frequency 1/7, in Fig. 3 must be substantially less than the
frequency of all poles except the dominant pole 1/7, if an
amplifier is to be stable. If tﬁe power transistors are of the
3055 class then, no matter how fast the other transistors
may be, there is going to be one pole at about 1 MHz.
Therefore 1/7, must be chosen to correspond to something
like 200 kHz. Even with more modern power transistors,
1/7, is restricted to about 1 MHz. The art of designing a
stable power amplifier involves choosing the lag compen-
sating capacitor C such that 1/x, is appropriate to the tran-
sistors actually used.

The geometry of Fig. 3 is such that, no matter how g, 8
and 7, are separately cﬁosen the return difference F(w) at
any angular frequency w cannot exceed

Flw) € Vwry (8)
Thus, if 1/7, is designed to correspond to 200 kHz, return
difference at 20 kHz cannot exceed 10 (= 20 dB), and
cannot exceed 200 (= 46 dB) at 1 kHz. An amplifier that
boasts 80 dB of feedback (F = 10,000 at low frequencies)
must have 1/7, corresponding to about 20 Hz; return dif-
ference must begm falling agove 20 Hz, and the former

90°LEADING
148 148 EN—1 “y
—n @ e TR TR N2 [F 1*50 *%0
MID-FREQUENCY - - - -
A
1A : LALLN | I
D @ o 1 %
‘ (
\ / 1.5¢ |
N STABLE 47 [
UNSTABLE T~ = |NCREASING { |
FREQUENCY L5 | |
|
90°LAGGING ; -

Fig. 4 Nyquist’s stability
criterion. The curves are
polar plots of return
difference for changing

frequency.

Fig. 5 Block diagram of an

NDFL amplifier.

The practical consequence is that the forward path of
an audio amplifier with conventional resistive feedback
should have a single dominant pole which sets the fall-off
of gain at frequencies above 1/7,. The second and subse-
qguent poles should lie at frequencies substantially above
1/7¢ (the frequency where the separation reaches zero),
because each pole contributes a 20 dB/decade
downwards slope to the graph of forward-gain path.

Maximum Available Feedback

In Fig. 2, the first stage is a long tailed pair with a cur-
rent mirror at its output; the input and feedback signals are
applied to the two bases to perform the subtraction pro-
cess of Fig. 1. The second stage provides a large voltage
gain, and the lag compensating capacitor C provides the
dominant pole of the forward path corresponding to 1/7, in
Fig. 3. The third stage is a complementary class-B emitter
follower whose function is to transfer the output voltage
from the second stage to the loudspeaker load. In practice,
the transistors in the second and third stages are often
Darlingtons, and the input transistors are often replaced
by FETs.

In any similar amplifier, there is at least one pole
associated with the finite transit time of electrons through
each transistor. The transit time for typical small-signal
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values at 1 kHz and 20 kHz (46 dB and 20 dB) still apply.

Returning now to Equation 7, the effectiveness of feed-
back in reducing distortion is set by the frequency of the
distortion, not the frequency of the input. The audible fre-
quency range is generally reckoned to extend to about 20
kHz and, with the foregoing constraints, return difference
at this frequency cannot exceed 10. Remembering that 20
kHz is the third harmonic of 6.667 kHz, we see that feed-
back cannot reduce offensive odd-harmonic distortion of
mid-treble input signals by more than a factor of 10.
Remembering too that 20 kHz is the seventh harmonic of
2.857 kHz, we see that feedback cannot reduce crossover
d}stortion of mid-range input signals by more than a factor
of 10.

Until recently there has been no way around this pro-
blem except to increase the unity-loop-gain frequency
1/7,, and this demands that the frequencies of the tran-
sistor poles must be increased if stability is to be preserved.
Fragile, expensive power transistors, with narrow bases to
achieve short transit times, become mandatory.

The NDFL Approach

There is, however, another solution to the stability
problem. If the forward- path gain has two dominant poles,
so that its gain falls at 40 dB/decade, the rate of closure
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Fig. 6 Logarithmic plots of gain versus frequency for Fig. 5.
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between the graphs of forward-path gain and demanded
gain would still be 20 dB/decade provided the demanded
gain itself were to fall at 20 dB/decade. in essentials, this
requires that the usual frequency-independent resistive
feedback factor 8 should be replaced by something having
a frequency dependence of the form wr, (remember that
the demanded gain is the reciprocal of the feedback fac-
tor). Mathematicians tell us that a linearly rising frequency
response corresponds to differentiation with respect to
time and, in hardware terms, a capacitive feedback net-
work will perform just this action.

Figure 5 shows the outline of an amplifier incor-
porating nested differentiating feedback loops. Notice
first that the forward path has been separated into a
number of stages, whose mid-frequency gains are p, to py
respectively. The variable s is what mathematicians call
complex frequency; for sinusoidal signals its magnitude is
equal to the angular frequency w of the sinusoid. Factors of
the form (1 + s7,) represent a frequency response that rises
proportional to frequency above the frequency 1/7, — that
is, they represent a zero. Similarly, factors of the form
1/(1 + s7.) represent a frequency response that falls in-
versely proportional to frequency above the frequency
1/7, — that is they represent a pole. Thus, the stages in Fig.

1+8r m
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L |
b Gan
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o GAIN WITHOUT
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Fig. 8 The (N-2)th loop of Fig. 5.
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5 have special frequency responses: all stages except the
first have a pole at 1/7,, and aﬁ except the first and last two
have a zero at 1/7,.

Notice also that there are differentiating feedback net-
works, each denoted by s, linking the output back to
various points in the forward path. The resulting feedback
loops are arranged one inside another, like a nest of
Chinese boxes — hence the name nested differentiating
feedback loops.

The amplifier is completed by an overall resistive feed-
back network 8.

if we removed all the feedback from Fig. 5, the
forward-path gain would be shown in Fig. 6: constant up to
the frequency 1/7, then falling at an (N-1)-pole rate
(20(N - 1) dB/decade) up to 1/7,, and finally levelling off
somewhat to a two-pole rate (40 dB/decade).

If we now applied just the overall resistive feedback 8,
the return difference would be as shown in Fig. 6. Distor-
tion would be reduced by a constant large amount, ap-
proximately g, p, . . . u B, at all frequencies up to 1/7,.
Choosing 1/7, to correspond to 20 kHz would virtually
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Fig. 7 The inner loop of Fig. 5.

eliminate audible-frequency distortion. But the amplifier
would be unusable because of oscillation.

The rate of closure of the forward-path gain and
demanded gain curves breaks the rule of 20 dB/decade. Let
us see how inclusion of the nested differentiating feedback
loops solves the problem. .

Figure 7 shows just the last two stages and the inner
differentiating feedback factor. This ‘clump’ is a feedback
amplifier in its own right, and Fig. 7 shows its forward-path
gain (that is, the gain of the last two stages without any
feedback), the demanded gain, and the resulting closed-
loop gain. Although the forward-path gain falls at a two-
pole rate (40 dB/decade), the demanded gain falls at a
one-pole rate (20 dB/decade), and their rate of closure is
20 dB/decade. By itself, this ‘clump’ is stable.

Figure 8 shows what happens when we add the
antepenultimate stage and another differentiating feed-
back factor. Again this ‘clump’ can be considered as a
teedback amplifier in its own right. Provided we choose.

Bn-2 = To/Tx
the various gains line up as shown. The forward-path gain
is the combined gain of stage (N —2) and stages (N—-1) and
N with their local feedback, and this is the middle solid
curve in Fig. 8. The demanded gain is the dashed curve
passing through 1/7.. Once again the forward-path gain
and demanded gain close at 20 dB/decade, so the stability
criterion is satisfied for this larger ‘clump’. ’
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Fig. 9 Complete plots of gain versus frequency for Fig. 5.

And so it goes on. We can add more stages and dif-
ferentiating feedback factors, and each time the curves
line up as required for stability provided we choose

B ey B = (177, 9)
Te =t By, (10
w = Tdrfor2 <k € N-2. (11)

Figure 9 shows the gain curves for the complete amplifier.

In designing an NDFL amplifier, the starting point is to
choose the frequency 1/1, so that the various transistor
poles are sure to lie at substantially higher frequencies.
Next choose the frequency 1/7, up to which the return dif-
ference should remain constant; 20 kHz is a suitable value
for audio amplifiers. After this, the circuit more or less
designs itself via Equations 9-11. above.

Outline Practical Circuit

Figure 10 shows how an amplifier of the basic
topology of Fig. 2 can be modified to include two NDFLs.
Interested readers should refer to references 11, 12 for
more details.

Notice first that the lag compensating capacitor, C, in
the penultimate stage of Fig. 2 has been removed in Fig.
10. In its place are two capacitors (C) linking the output
back to various points in the forward path. These
capacitors are the feedback networks of the nested dif-
ferentiating feedback loops.

The output stage has been changed to include a
modified form of Thiele’s load-stabilising network. Some
form of LRC filter is required to locate one of the poles cor-
rectly, and with the circuit

PNP to provide a well-defined gain (13).

As already suggested, once the demanded gain 1/8
and the critical frequency 1/7, are chosen, the circuit
almost designs itself. The equations are:

i -8 (12)
RC = Br, (13)
R\Cy = 7o, (14)
7= (3 - D). (15)

All stage gains and poles and zeros automatically look
after themselves. )

Figure 11(a) shows the 5 kHz square-wave response of
Fig. 10 as built from 5%-tolerance resistors, 20%-tolerance
capacitors, and unselected production transistors. Evident-
ly the circuit is ‘designable’; Equations 12-15 really do
predict component values for good transient response.

A nice feature of the modifgied Thiele circuit in Fig. 10
is that, when the load is made capacitive (a well-known
source of high-frequency oscillation in amplifiers), the
voltage waveform at the FEEDBACK POINT is the
waveform the amplifier would have delivered into its

nominal resistance load. Figures 11(b) and (c) illustrate:

this; the violent ringing in Fig. 11(b) is simply an LC
resonance between the filter inductor and the load
capacitance, and is in no way indicative of approaching
instability.

Figure 12 shows details of the 1 kHz sinusoidal
response under overdrive conditions. Note the quick,

shown we get double value
from the components.

The input stage itself is
unchanged, but an inex-
pensive small capacitor in
the overall feedback net-
work 8 can be used to cor-
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Y

rect the group delay and
improve the reproduction
of transient waveforms.
Another essential addi-
tion is an amplifying stage o
between the two nested dif-
ferentiating feeback factors. R R Rp
This rather peculiar circuit
(which dates back to Rush
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in 1964) seems largely to ° [

have been forgotten. [t uses
one NPN transistor and one
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Fig. 10 Outline circuit for an NDFL amplifier.
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Fig. 11 5 kHz square wave
response of Fig. 10.

Fig. 12 Detail of output
waveform from Fig. 10
under overdrive.
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Fig. 13 1 kHz harmonic
distortion.

clean recovery.

An amplifier has been built in which the circuit can be
switched from Fig. 2 to Fig. 10, to illustrate the improve-
ment in performance of adding two NDFLs. Figure 13
compares the measured third-harmonic distortions of 1
kHz. Notice how the distortion of Fig. 10 drops away to
below three parts per million at small signal amplitudes.
Such behaviour is more typical of class-A amplifiers than
class-B amplifiers, and may account for the clean sound of
NDFL amplifiers.

Crossover distortion associated with incorrect bias of
the output stage is one of the most audibly annoying forms
of distortion. Audio amplifiers based on Fig. 2 sometimes
have a type of crossover distortion that does not show up

ET! APRIL 1383

in normal measurements. Correct biasing of the output
stage relies on close tracking of the thermally-
compensated biasing device and the power transistors. At
best the biasing device can be thermally bonded to the
power transistor case. More usually it is bonded to the
heatsink, but there is no way it can simultaneously sense
the actual junction temperatures of all the power tran-
sistors. Under rapidly-fluctuating dynamic signal condi-
tions, the junction temperatures may be wildly different
from each other and from the case or heatsink
temperatures, and therefore the biasing may be wrong.

Figure 14 compares the static cross-over distortion of
Figs. 2 and 10 when the bias is deliberately set OV5 too
low. Dynamic mistracking of the biasing circuit should not
introduce audible crossover distortion in an NDFL
amplifier.

One final point. The NDFL technique maximises the
return difference (and hence minimises distortion com-
ponents) at frequencies up to 1/7,. Above this frequency
the return difference falls away rapidly, and distortion
rises. Choosing 1/7, to correspond to 20 kHz rinimises
audible-frequency distortion, but does not minimise
ultrasonic distortion.

For example, acommon specification for audio power
amplifiers is their THD at 20 kHz. The harmonics of 20
kHz lie at 40 kHz, 60 kHz, 80 kHz, and so on. All are
ultrasonic (and hence inaudible) and the NDFL technique
does not minimise them. A measurement of THD at 20
kHz may therefore give a quite misleading indication of an
NDFL amplifier's audible performance. Valid objective
tests include the SMPTE and CCIF tests for two-tone inter-
modulation distortion, the proposed IEC test for TIM (14),
Cordell's proposed three-tone test for TIM (15) and the
proposed test for input-output intermodulation distortion
IOD (6). The distinguishing feature of all these tests is that
they measure the distortion at audible frequencies.
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BBC MICRO UPGRACE KITS 4164 150"53'3 s Mglsao D5 730 Pg~s TIN GOLD WW 4553 157 gggA ggg
BBCA2B Complete A to B Upgrade 4475 " MC3487 D1 2.00 7 18 25 4565 0.35 .
BBC t 16K "n)"my - 18.00 4164 2000s TI MC14411 D1 785 14 10 26 35 4556 035 261 1.00
BBC 2 Printer/User /0 Kit 7.50 D3 385 MC14412 9.45 16 10 28 40 4585 0.75 266 0.20
BBC 3 Disc Interface Kit 95.00 4164 150ns RO32513L D7 6.50 8 13 33 50 273 054
BBC 4 Analogue Input Kit 6.70 424103/!:‘516 D3 445 RO32513U D1 6.50 gg 15 37 sg 74LS SERIES %g g.‘ag
BBC 5 Serial /0 & RGB Kit 7.30 17 38 8 00 0.1 ,
BBC 6 BUS Expansion Kit 6.45 100ns D2 2.25 UHF MOOULATORS 24 21 48 M 01 0.1 290 0.39
GEBETEEL 45322000 D2 2.95 UM1 111 6MHz 28 24 55 80 02 on 293 039
All Kits are supplied with full fitting instructions. D1 0 30 78 99 03 012 365 027
6800 FAMILY UM1233 8MHz - 04 012 366 027
BBC 51 Pt Catle and A Pug o0 07 228 Di 3% 28 SOcuers 0s 012 %7 oz
not assembled) 13.00 - EXTO 0.12 -
BB 22 ok por Copector and Cable 36" 248 6809 D6 8.30 BUFFERS 4 pin 5.75 09 012 373 0.62
BBC 23 Cassette Lead 350 6810 D1 115 811595 0.80 28 pin 8.20 10 0.12 374 082
BBC 24 7 Pin DIN Plu 080 6821 D3 100 81596 0.80 40 pin 975 11 0.12 375 0.35
BBC 25 6 Pin DIN Plog 080 6840 D4 375 811597 0.80 12 0.12 377 0.60
BBC 26 5 Pin DIN Plug 060 6845 D5 850 81L598 0.80 CMOS 4000 13 012 378 0.60
BBC 35 Disc I/0 Cable 34W IDC to 2x34 way 6650 D2 110 8T26A 090 4000 010 1 025 379 0.90
card edge 12,00 gg%gg Dg ;gg 81284 0.90 :gg; 0.10 15 0.12 gge 0.35
BBC 36 Disc Power Cable 8.00 g 8795 0.80 012 20 0.12 0 0.45
BBC 44 Anatogue Input Plug and Cover 2.25 e Rl grora 0 006 oraz 7 o2 393 045
BBC 66 IM Bus Connector + 36" Cable 3.50 ggga gg ggg . 4003 032 5 oz OIL JUMPERS
BBC ACCES SORIES : LINEARS 400! 024 27 0.12 Single Ended 24"
BBC 45 Joysticks (per pain) 11.30 68850 D2 220 1203 0.85 4010 024 28 0.12 PIN 1.45
BBC 67 Eprom Programmer (assembled) 57.95 LF398N 475 4011 0.10 30 0.12 16 PIN 1.65
BBC 71 Teletext Receiver 225.00 Z80 FAMILY LM301AN 0.24 4012 0.18 32 0.12 24 PIN 2.40
BBC 72 Second Processor (6502) 170.00 Z80ACPU D2 289 LM308N 0.48 4013 020 33 0.12 40 PIN 3.80
BBC 73 Second Processor (280) 170.00 gggg;’g Bf ggg ngnp 0.50 381‘; g;g 37 0.12 Doubie Ended
I (M319N 1.99 1 I 4 )
ncgn;gon ronGm: BBC o6 goscm D1 9.00 ngfN 0.30 4016 020 42 g%ﬁ LIET ag"l ;%"21:12
SBE03 Business Games .85 0ADART D7 550 LM348N 0.60 4017 032 47 0.35 ; 2 i
SBEO4 Tree of Knowledge 8.85 Z80ADMA D2 6.85 p 4018 ¥ ) 16 PIN 2.052.15 2.68
56507 Feko Comuter i Mol 8ss A0 D7 215 NEsseer 048 4019 038 p o 247IN3 00315398
Igebrait Manipulation . BP1O D7 9.00 TLO ¥ 4020 036 1 L 2 .90 6.18
SBX01 Creatve Graphics Cassette 8.65 ZB0ASI0 D4 9.00 TLO}? ggg 4021 0.40 24 g:g
$BX02 Graphics and Charts Cassette 8.65 TLO12 0.34 4022 0.40 85 0.12 25 WAY D-TYPE
SBBO1 Desk Diary inc Manual 8.65 8080FAMILY TL014 036 4023 013 7 018 CONNECTORS
SBLO2 LISP Cassette 14.65 8085A D4 350 TLO21 0.34 4024 032 74 0.18 Male-Male
) (AN AR A A T
- L I i A I
gg%g ?Apmnx Adventure ggg g%gg g;g TLOB4 g;g 4027 020 ;SA g}; 36" cable 12.00
lonsters .| b T 029 4028 032 A I Male single ended
SBGO4 Snapper 8.65 8251A D5 250 Ttggg 0.32 4031 0.94 gg gig 18" cable 495
SBG15 Planetoid .65 8253 4.00 TL071 0.29 4033 1.80 86 0.18 Female single ended
SBGO6 Arcade Action 10.35 8255A D5 225 TLO72 0.47 4034 084 40 0.22 18" cable 395
SBGOS Rocket Rad 8.65 1074 1.00 4035 038 91 0.60
ggg:g xleleors ggg 650;1 FAMILY TLO81 026 4040 0.36 92 0.32 10C CONNECTORS
scacians . 650 D3 3.25 TLO82 " 4041 0.36 \ Shrouded Headers
SBG10 Chess 8.65 gg%A g? g gg }Lgad ‘,’;g 2$§ gg; 325 §f§ f:.';:fmf;"’
ACORNSOFT BODKS FOR THE BBC MICRD 6320a D1 318 s o ot HEH R o PCO Mig)
SBOOT Creative Graphics . 6522 D5 3.19 TL094 134 4045 135 113A 020 10 PIN 088
$B002 Graphs and Charts 750 65224 D5 550 TL487 062 4046 042 1148 022 14 PIN 122
N o we osa | R 88 | owg g | B gm | e
: 1 . . -
Piease ring for current delivery on Acomsoft Products FLOPPY DISC }bg‘é 0,&‘;’ 4049 023 1254 023: 26 PIN 1.76
before ordering CONTROLLERS 11507 133 4050 023 126A 0.25 34 PIN 208
BBC MICRO COMPONENTS 71 051500 s s el o i3 o 50 piN 5%
4516 100ns 2.25 8271 36.00 ED1791 D6 22.00 ;317 g:g 4825 g:: }gg ggg 60 PIN 3.20
6522 38 20 Way Header 1.46 FD1793 D6 23.00 748 027 4054 085 139 027 i
7415244 0.59 26 Way Header 1.78 FD1795 D6 28.00 il 4055 085 145 0.57 10C SOCKETS
7415245 0.69 34 Way Header 2.08 FD1797 D6 28.00 REGULATORS 4060 0.39 148 0.70 Fitted with 36™ cable
7415163 034 40 Way Header 2.32 WD1691 D2 12.00 78L05 0.30 4063 0.85 151 0.40 10 PIN 1.40
DS369IN 450 15 Way D Skt 2.15 WD2123-01 D2 699 28112 o3 4066 024 123 0.40 14 PIN 182
ng%g;ztm :& gWay Bm Skt 0.90 78015 030 4068 014 152 00 16 PIN 2.10
J ! ayDIN Skt 0.90 INTERFACE OEVICES 7805 0.40 4069 014 156 0.35 20 PIN 248
BBC SOFTWARE IN EPROM G028 FEL 7812 040 4010 013 157 0.25 FR a
Wordprocessor "View” 52.00 - 7815 0.40 4071 013 158 0.30 -
12 MOS 10.00 iy o T8 045 dor2 013 160A 032 ol o
X i I 1614 35 ;
75154 o7 7915 045 4075 013 1624 335 60 PIN 8.38
SPEGI AI. OATA SHEETS are raen o mg?% 120 4076 043 163A 035 OATA BOOKS hy
available on items ' 2 4077 013 164 0.40 Toxas Instrument
marked D. Prices are as ;g}gg fgg L M323K 450 4078 015 1654 050 Linear Contel
OF F En follows: P2 s (M33BK 825 4081 013 166A 0.80 Circuits 400
S 25 e 75174 185 OATA CONVERTERS P 0% i 0% a0 Pegualors 4 38
pectrum 32K D5 125 i5lis i UPD7002 D7 428 4086 044 175 0.3 intertace Circis 700
Upgrade Kit D4 200 role 050 aia by g 4093 020 181 0.90 TTL 5th Editon 8.50
. : i I . 190 0.35 Bipotar Mico ~ 4.50
2 4 95 D6 300 ra1e8 0.3 ING27 D1 599 4507 032 191 0.35 7% PockelGude 350
. D7 400 - N428 D1 4TS 4508 0.96 192 035 | tincar Pocket Gue 250
CARR_IAGE Orders up to £199 sent by 1st class post and £200+ by CREDIT ACCOUNTS Are available subject to status. Payment
3%°X3&°é‘s 0-£100 = £0.50, £100-199 = £1.25, £200+ = £5.00 Sl e c
= €050, = £1.25, + = £5.00. )
PRICES All prices and carriage charges quoted are exclusive of VAT CSEEAL S:r?r?s Pa);]rzent by credit cards Is accepted on most
and are subject to change without notice. = 0 surcharge. _ } :
QUANTITY DISCOUNTS Available on most products. Piease tele- OUT OF STOCK Items out of stock will follow with £0.45 Carriage
phone for details. VISA charge at our discretion, or a refund will be issued if requested.
OFFICIAL ORDERS are welcome from Educational Establishments.  — DELIVERY Allstockordersreceived upto 3.30pm are despatchedthe

Government Bodies and Public Companies. same day.

MIDWICH COMPUTER COMPANY LIMITED

DEPT ETI, RICKINGHALL HOUSE, RICKINGHALL, SUFFOLK IP22 1HH
TELEPHONE (0379) DISS 898751




electronics today international

BOOK SERVICE

How to order: indicate the books required by ticking the boxes and send this page. together with your payment, t

o: ETI Book Service.

Argus Specialist Publications Ltd, 145 Charing Cross Road, London WC2 0EE. Make cheques payable to ETI Book Service. Paymentin
sterling only piease. Prices include postage and packing. Prices may be subiect to chanae without notice.

BEGINNERS GUIDES

1 Beginner’s Guide to Basic Programming Stephenson
[ Beginner’s Guide to Digital Electronics

(] Beginner’s Guide to Electronics

[ Beginner’s Guide to Integrated Circuits

(1 Beginner’s Guide to Computers

[[] Beginner's Guide to Microprocessors

[ Getting Acquainted with your VIC 20 Hartnell

[] Getting Acquainted with your ZX81 Hartnell

] Let your BBC Micro Teach you to program Hartnell

[] Programming your ZX Spectrum Hartnell

[ The ZX Spectrum Explored HArtnell

] How to Design, Build and Program your own working Com
System Haviland

] BASIC Principles and Practice of Microprocessors Heffer

] Hints and Tips for the ZX81 Hewson
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] What to do when you get your hand on a Microcomputer
Holtzman
CODRRE 34 More Tested Ready to Run Game Programs in BASIC Horn
[] Microcomputer Builders’ Bible Johnson
] Digital Circuits and Microcomputers Johnson
] PASCAL for STudents Kemp
[] The C — Programming Language KErnighan
] COBOL Jackson
] The ZX81 Companion Maunder
Guide to good Programming Practice Meek
[ Principles of Interactive Computer Graphics Newman
] Theory and Practice of Microprocessors Nichols
] Exploring the World of the Personal Computer Nilles
] Microprocessor Circuits Vol. 1. Fundamentals and
Microcontrollers Noll
[ Beginner’s Guide to Microprocessors Parr
] Microcomputer Based Design Peatman
'] Digital Hardware Design Peatrhan
] BBC Micro Revealed Ruston
] Handbook of Advanced Robotics Safford
711001 Things to do with your own personal computer Sawusch
] Easy Programming for the ZX Spectrum Stewart
Microprocessor Applications Handbook Stout
] Handbook of Microprocessor Design and Applications
Stout
] Programming the PET/CBM West
An Introduction to Microcomputer Technology Williamson
Computer Peripherals that you can build Woife
] Microprocessors and Microcomputers for Engineering Students
and Technicians Wooland £6.

B RUNEGRIRR

[] Master IC Cookbook Hallmark
(] Microprocessor Cookbook M. Hordeski
[711C Op Amp Cookbook Jung
PLL Synthesiser Cookbook H. Kinley
[] Active Filter Cookbook Lancaster
O TV Typewriter Cookbook Lancaster
[J CMOS Cookbook Lancaster
[J TTL Cookbook Lancaster
] Micro Cookbook Vol. 1 Lancaster
] BASIC Cookbook K. Tracton
[J MC6809 Cookbook C. Warren

ELECTRONICS

] Principles of Transistor Circuits Amos
[] Design of Active Filters with experiments Berlin
[ 49 Easy to Build Electronic Projects Brown
[] Electronic Devices & Circuit Theory Boylestad
[ How to build Electronic Kits Capel
[1 How to Design and build electronic instrumentation Carr
] Introduction to Microcomputers Daglecs
{1 Electronic Components and Systems Dennis
[ Principles of Electronic Instrumentation De Sa
] Giant Handbook of Computer Software
[ Giant Handbook of Electronic Circuits
[J Giant Handbook of Electronic Projects
[ Electronic Logic Circuits Gibson
1 Analysis and Design of Analogue Integrated Circuits Gray
] Basic Electronics Grob
[ Lasers — The Light Fantastic Hallmark
Introduction to Digital Electronics & Logic Joynson
E] Electronic Testing and Fault Diagnosis Loveday
[1 Electronic Fault Diagnosis Loveday
] Essential Electronics A-Z Guide Loveday
[J Microelectronics Digital & Analogue circuits and systems
Millman
[7] 103 Projects for Eiectronics Experimenters Minis
7 VLS| System Design Muroga
~] Power FETs and their application Oxner
] Practical Solid State Circuit Design Olesky
[] Master Handbook of IC Circuits Powers
] Electronic Drafting and Design Raskhodoff
O VOM — VTVM Handbook Risse
] Video and Digital Electronic Displays Sherr
7 Understanding Electronic Components Sinclair
] Electronic Fault Diagnosis Sinclair
Physics of Semiconductor Devices Sze
Digital Circuits and Microprocessors Taub
[1 Active Filter Handbook
[ Designing with TTL Integrated Circuits Texas
[7] Transistor Circuit Design Texas
] Digital Systems: Principles and Applications Tocci
] Master Handbook of Telephones Traister
How to build Metal/Treasure Locators Traister
[199 Fun to Make Electronic Projects Tymony
[ 33 Electronic Music Projects you can build Winston

COMPUTERS & MICROCOMPUTERS

— BASIC Computer Games Ahl
-] From BASIC to PASCAL Anderson
] Mastering Machine Code on your ZX81 T. Baker
UNIX — The Book Banaham
280 Microcomputer Handbook Barden
Microcomputer Maths Barden
Digital Computer Fundamentais Barter
Visicalc Book. APPLE Edition Belt
] Visicalc Book. ATARI Edition Bell
7 Introduction to Microprocessors Brunner
Programming your APPLE | Computer Bryan
Microprocessor Interfacing Carr
Microcomputer Interfacing Handbook A/D & D/A Carr
~1 Musical Applications of Microprocessors Chamberiain
30 Computer Programs for the Home Owner in BASIC
D. Chance £7
Microcomputers Dirkson £7.
£8.
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REFERENCE BOOKS

Electronic Engineers’ Handbook Fink
Electronic Designers’ Handbook Giacoletto
lllustrated Dictionary of Microcomputer Technology
Hordeski
] Handbook for Electronic Engineering Technicians Kauftfman
"] Handbook of Electronic Calculators Kauffman
1 Modern Electronic Circuit Reference Manual Marcus
~1 International Transistor Selector Towers
International Microprocessor Selector Towers
] International Digital IC Selector Towers
] International Op Amp Linear IC Selector Towers
1 llustrated Dictionary of Electronics Turner
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VIDEO

Servicing Home Video CAssette REcorders Hobbs
Compiete Handbook of Videocassette Recorders Kybett
Theory and Servicing of Videocassette Recorders McGinty
Beginner’s Guide to Video Matthewson

Video Recording: Theory and Practice Robinson

Video Handbock Van Wezel

Video Techniques White
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Please send me the books indicated. | enclose cheque/postal order for £
Prices include postage and packing.
| wish to pay by Access/Barclaycard. Please debit my account.

Ll [T 1]

7 APPLE Personal Computer for Beginners Dunn

RBLRE® LIBH8!

7 Microcomputers/Microcomputers — An Intro Gioone £
[ Troubleshooting Microprocessors and Digital Logic Goodman

£7.




Modular
Amplifiers
the third generation

Due to continous improvements in components and design |LP
now launch the largest and most advanced generation of
modules ever.

WE'RE INSTRUMENTAL
IN MAKING A LOT
OF POWER

In keeping with | LP’s tradition of entirely self-contained modules
featuring, integral heatsinks, no external components and only 5
connections required, the range has been optimized for efficiency,
flexibility, reliability, easy usage, outstanding performance, value
for money.

With over 10 years experience in audio amplifier technology ILP
are recognised as world leaders,

BIPOLAR MODULES MOSFET MODULES

= _— —t S =

Module | Output [ Losd DISTORTION Supply Size WT | Price Module | Output Load DISTORTION Supply |

Number | Power |Impedance | T.H.D. 1M.O. Vottage mm gms | inc Number | Powe: Impedance| T.H.D. 1.M.D. | Voltags |

Watts Typ at 60Hz/ Tvp VAT Watts 0 | Typat 60Hz/ Typ
rms 1KHz  7KHz 4:1 rms 1KHz |
| a8 0.015% <0.006% | 18 [76x68x 40 240 L840 MOS 128 4.8 | <0.0059% T
-8 0.015% <0.006% | +25 |76x 68x 40 240 | £9.55 MOS 248 1 <
0+ 30 | 48 .0156% <0.006% | +25 |[120x 78x40 | 420 [£18.69 MOS 364 <0.0
[ 4 0.01 <0.006% | +26 |[120x 78x40 | 410 (£20.75 ——— — "_
§ B 0.0 <0.006% +35 120 x 78 x 40 | 410 {£20.75 Protection: Able 1o cope with complex loads without the need for very special
} Y ( a 0.01 <0).0069 +35 120 x 78 x 50 520 |£25.47 protection circurtry (fuses will suffice)
v 74 | 8 001% <0006% | +50 |120x 78x50 | 520 |£25.47 Slew rate:  20v/ps, Rise time: 3us. S/N ratio: 100db
YR 4 0.0 <0.006% +45 |120x 78 x 100 {1030 | £38.41 Frequency response (—3dB). 15Hz — 100KHz. Input sensitivity 500mV rms
F v 3 8 001% <0006% | £60 |120x 78x 100 [1030 | £38.41 Input impedance: 100K fL.  Damping factor: 100Hz >400.
Protection Full toad line. Slew Rate: 15v/ps. Risetime: Sys. S/N ratio. 100db. ‘NEW to ILP’ I Car Entertainments
Frequency response [-3dB) 15Hz — 50K Hz. Input sensitivity: 500mV rms. =
1nput impedance’ 100K ) . Damping factor: 100Hz >400. c15
Mono Power Booster Amplifier to increase the output of your existing car radio

PRE.AMP SYSTEMS or cassetle player to 2 nominal 15 watts rms. L
Module | Modute | Functions Current | Price inc. | V) Gy T )

Number | Required VAT Robust construction. £9.14 (inc. VAT)

1¥6  [Mono pre amp | Mic/Mag. Cartridge/Tuner/Tape/ 10mA £7.60 Mounts any where in car
I ux + Vol/Bass/Trebte Automatic switch on.
66 |Stereo pre amp [ Mic/Mag. Cartridge/Tuner/Tape/ 20mA | £14.32

Qutput power maximum 22w peak into 4L
£15.36 Frequency response (—3dB} 15Hz to 30KHz, T.H.D. 0.1% at 10w 1KHz

: S/N ratio (DIN AUDIO} 80dB, Load Impedance 31

tnput Sensitivity and impedance {selectable} 700mV rms into 16K £2 3V rms into 8.1
Size 95 x 48 x 50mm. Weight 256 gms.

I Aux + Vol/Bass/Treble/Balance

tar pre amp | Two Guitar (Bass Lead) and Mic +
l separate Volume Bass Treble + Mix
| 1+v78 |Stereo pre amp | As HYB6 tess tone controls

20mA

20mA I £14.20

Moast pre-amp modules can be driven by the PSU driving the main power amp.

A separate PSU 30 is available purely for pre amp modules it required for C1515

£5.47 (inc. VAT). Pre-amp and mixing modules in 18 different variations. Stereo version of C15. £17.19 {inc. VAT)
!

GIEEREE] el CAE: Size 95 x 40 x 80, Weight 410 gms.

Mounting Boards
For ease of construction we recommend the B6 tor modules HY8—HY 13 £1.05
{inc. VAT) and the B66 tor modules HY66—HY 78 £1.29 (inc. VAT)

POWER SUPPLY UNITS (Incorporating our own toroidai transformers}

[ modet For Use With Price inc. | Model | For Use With [ Price inc [ Mode For Use With Prica inc.

| Number | VAT Number | VAT | Number VAT
[es - ] €193 PSU 52X | 2 x Y124 T17.07 2% [Zx AvZa8 - 725
PSU 41X | tor 2ZHYEO, 1 x HYE0B0, 1 x HY124 | £13.83 PSU 53X | 2x MOS128 £17.86 U 73X | 1 x HY364 |

PSU 42X | 1 x HY 128 £15.90 PSU BaX | 1 x HY248 £17.86 | psu 7ax | 1 x HY368 | |
| Psu a3x | 18 £16.70 PSU 55X | 1 x MOS248 £19.52 | 5% |25 48, 1 )
[PSUSTX |23 HY128.1 5 Hv244 £17.07 PSU 71X | 2x HY244 £21.75 | |

Please note: X in part no, indicates primary voltage. Please insert "Q'" in place of
X for 110V, 1" in piace ot X for 220V, and "2’ in place of X tor 240V
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WITH A LOT OF

HELP

FROM

ELECTRONICS LTD

PROFESSION
GAN HANDLE

Unicase

Over the years ILP has been aware of the need for a complete
packaging system for it's products, it has now developed a
unique system which meets all the requirements for ease of
assembly, adaptability, ruggedness, modern styling and above
all price.

Each Unicase kit contains all the hardware required down to
the last nut and bolt to build a complete unit without the
need for any special tools.

Because of 1LP’s modular approach, ““open plan” construction
is used and final assembly of the unit parts forms a compact
aesthetic unit. By this method construction can be achieved in
under two hours with little experience of electronic wiring
and mechanical assembly.

Hi Fi Separates

UC1 PRE AMP UNIT: Incorporates the HY78 to provide a
"no frills"”, low distortion, (< 0.01%), stereo control unit,
providing inputs for magnetic cartridge, tuner, and tape/
monitor facilities. This unit provides the heart of the hi fi
system and can be used in conjunction with any of the UP
Unicase series of power amps. For ultimate hum rejection the
UC1 draws its power from the power amp unit,

POWER AMPS: The UP series feature a clean line front panel
incorporating on/off switch and concealed indicator. They are
designed to compliment the style of the UC1 pre-amp.
Performance for each unit which includes the appropriate
power supply, is as specified on the facing page.

Power Slaves

Our power slaves, which have numerous uses i.e.
instrument, discotheque, sound reinforcement, feature in
addition to the hi fi series, front panel input jack, level
control, and a carrying handle. Providing the smallest,
lowest cost, slave on the market in this format.

UNICASES

Price inc.

HIF! Separates VAT
uct Preamp £29.95
UP1X 30 + 30W/4—8{1 Bipolar Stereo Hifi £54.95
uP2Xx 60w/401 Bipolar Mono HiFi £54.95
UP3X 60w/84L Bipotar Mono HiFi £54.95
UP4x 120w/4£1 Bipolar Mono Hifi £74.95
uPSX 120W/842 Bipolar  Mono  HiFi £74.95
UP6X 60w/4-840 MOS Mono Hifi £64.95
UP7X 120W/4—-841 MOS Mono HiFi £84.95
Power Slaves

Usix B0W/4 L) Bipolar Power Slave £539.95
Us2x 120wW/4 N1 Bipolar Power Slave £79.85
US3X 60wW/4—-80L MOS Power  Siave £69.96
US4x 120W/4—-801 MOS Power  Slave £89.95

Please note X in part number denotes mains voltage. Please insert 'O’ in place of
X for 110V, 1" in place of X for 220V {Europe), and ‘2’ in place of X for 240v
(U.K.} All units except UC1 incorporate our own toroidal transformers,
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L POWER AMPLISIEN  MOS 60

TO ORDER USING OUR FREEPOST FACILITY

Fill in the coupon as shown, or write details on a separate sheet of paper,
quoting the name and date of this journat. By sending your order to our
address as shown at the bottom of the page opposite, with FREEPOST
clearly shown on the envelope, you need not stamp it. We pay postage for
you. Chegues and money orders must be crossed and made payable to |.L.P,
Electronics Ltd. if sending cash, it must be by registered post. To pay C.0.D.
please add £1 to TOTAL value of order. |

PAYMENT MAY BE MADE BY ACCESS OR BARCLAYCARD IF
Post to: ILP Electronics Ltd., Freepost 4,
. l F Telephone: (0227) 54778.

REQUIRED
CEE -l =N BN G B G G B DD B D o e =
Graham Beil House, Roper Close,
Canterbury CT2 7EP, Kent, England.
Technical: {0227) 64723.
ELECTRDNICS LTD Telex: 966780

Please send me the foliowing

Total purchase price
I enclose ChequeD Postal OrdersD
Piease debit my Access/Barclaycard No._

Int. Money Order[:]

Name S
Address I\‘
Signature - - N w
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Design by Richard Watts.

R184 22k

R212
22k
25 l ;l
D43 D4s m‘gks c8s —_—
470n c10
R8 o~ +?)V
R217
sl 17 22k D80
A
NOTE: ces il 14 WALKING o—
1C21 1S 40698 100u 73
122,27 ARE 40238 n R218
1€23'1S 40018 21 BASS CODE
1524 1S M258EP2 C66 ade > L TO M108
1C25,26 ARE 1458 47n 2 +5V c2%0 4 B & (IC1) AND
Q15 IS 2N3703 a0 D54 M208 (IC14)
Q16,17 ARE 2N3704 R219 by
D43'60 ARE 1N4148 v 23 32k
+
R177 IC22¢ S— —-C
CHORD CHOP 22k 8 e e
(FROM CS5) . Rz .
+12v > 4
R178 o ilcﬂ:}o—”—'
CHORD LENGTH 22k i SWING 6 D56
(FROM D37) R222 BASS e
PROG 1/2 2 18 22 L
SWITCH ™|
15 (16 R223
22k
TO HANDCLAP UNIT
———>  (iC30aPIN1}
Fig. 1 Circuit diagram of the rhythm section of the Victory organ, including the handclap generator.
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PROJECT

his month we conclude the descrip-
Ttion of the organ circuitry ready for
the constructional notes next

month. Before doing so, some minor
notational changes are required due to
continuing development work on the
prototype and the consequent
re-allocation of certain switches. In Fig.
1 of the February article, the terminal
marked R15 (by D6) is now C17, and
the terminal marked C15 in Fig. 4 of
last month’s article should be connected
to +12 V, not +5 V. Mark these changes,
spread out the two previous issues for
reference, and away we go with the
rhythm unit. '

FROM HANDCLAP

R225 GENERATOR
a7k
TO RHYTHM
J n22e | VOLUME PLUG

22k

R227
) 47k
R228
22k
—AAAA

R229
I3k

N

A 4

| Got Rhythm

The heart of the rhythm unit is the
M258 ROM (IC24). This has a maxi-
mum capacity of 8K, organised as 16
rhythms of 32 counts with 16 outputs.
In fact this is not all used, as some
rhythms have only a 24 count require-
ment. All inputs to and outputs from
the IC are active low.

When the rhythm on/off switch is
on, connector C13 is taken low. This
low is applied to inverter [C21e, which
causes a high to be input to pin 26 of
the ROM. Although this is a bi-
directional connection capable of
outputting sync pulses, it is used in this

A 4

+12v

R233
220k

a9

.

NOTE:

iC12 1S 1458

1C28 IS 40106B
iC29 1S 4070B
Q18-20 ARE 2N3704

c92
270p R238 3
270 )
M R2as
1C28c g2 a7k
1 12
co3
n8 R239 9
270k )
3 10 R245
iC28d 47k
9 8
C94
180p R240
TO HANDCLAP 220k
UNIT (C104)
IC28e
3 4
ca5
3n3 R241 6
e
R246
S 7 47k

R247
22k

FROM IC24
PIN 16

(c14)

NOTE:

C30 IS 4001B
#C31 S 1458
Q21 IS 2N3704
D61 1S 1N4148
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TO IC12b
PiN 2

FROM
COLLECTOR
Q17

case as the reset input. The low on
terminal C16 is also taken to pin 1 of
IC22a. This NOR gate, together with
IC22b, R169, R170, C64 and the tempo
potentiometer (which is connected a
across terminals R9, R10) form the
rhythm clock generator. The clock
input is supplied to pin 27 of the M258.
Selection of a rhythm is achieved by
switching four input lines (pins 7, 19,

9 and 20) which the IC then decodes
using an internal four-to-16 line
decoder.

The 16 rhythms are available from
nine switches such that each of the first
eight is used for two rhythms, called up
by the ninth switch (called program
1/2). The eight rhythm switches are
mechanically latched and self-cancelling
on a new selection. The switches
connect +5 V to each of the terminals
R2 to R8 which connect to triple
three-input NOR gate 1C25, used here as
an eight-to-three line encoder. Notice
that the leftmost rhythm switch does
not connect to any points, but due to
the mechanical cancelling action of the
switches removes +5 V from any of the
NOR gate inputs, thus giving the eighth
state of all outputs high. The program
selector switch provides the fourth bit
of information to pin 20 of 1C24. The
final input requirements are that pins
28,14,3 and 1 be at +5 V and pin 2 at
ground. This covers the input
requirements for the M258: now to the
outputs.

Timing within the M258 is arranged
such that each count of a rhythm lasts
for two cycles of the clock input. The
16 active-low outputs normally remain
active for one clock cycle only, but
eight of them have the option that they
may remain active for the whole count
(two clock cycles). This gives the
facility of selecting whether the output
is pulsed per clock cycle or can be either
high or low. In the first state the output
must always return to high; in the
second it may not, depending on pro-
gramming. In this ET| organ application
pins 5 and 11 are programmed in the
second manner: their full purpose in life
will be described later.

Output pins 17,21, 23,12,18 and
16 are all used to control the automatic
bass patterns when the walking bass 1
and 2 features are selected. If walking
bass 1 is selected, point C9 is taken low
and enables the NOR gates on the
outputs from pins 17, 21 and 23. These
gates act as inverters and supply positive
pulses through diodes D53-55 to pins
8-10 of both the M108 and M208 ICs. ’
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Fig. 2 Connection details for the rhythm switch.

The effect of this is to cause any bass
note being played (from either the
lower keyboard or the pedals) to be
varied in accordance with the codes
appearing on pins 8-10. When walking
bass 2 is selected, point C9 is pulled
high through R220 to +5 V since the
grounding by the walking bass switch is
cancelled; point C11 is also taken low.
This now enables the outputs from the
other set of M258 pins (12, 16 and 18)
to control the bass note.

Triggering for the bass envelope is
is developed in either of these modes
from pin 12 of the M108/208 which
provides an active-low pulse named TDB
(trigger decay bass) every time the bass
code changes. This pulse is inverted by
either IC5b or IC5d, which are enabled
since the selection of either walking bass
1 or 2 removes the high (+12 V) from
point C10. This turns off IC7a, thus
letting the input of IC6a go high and
hence its output low. This low enables
the NOR gates as inverters and allows
them to pass trigger pulses to the bass
output gating circuits. If both walking
bass 1 and 2 are switched off while the
rhythm is still running, the outputs
from the M258 are prevented from
passing through the NOR gates (1C27a-d
and 1C22¢,d) and their outputs will be
low. Point C10 going high also enables
other triggering arrangements for the
bass since the TDB signal will no longer
be present. If either walking bass 1 or 2
is selected and the rhythm switched off
then all the outputs from the M258 will
be disabled {high) and therefore all the
outputs from the NOR gates will be
fow. Pin 8 of the M108/208 is now
taken high by point C16 from the
rhythm on/off switch via D59..

Bass trigger changeover is made by
point C17 going low (through the
rhythm on/off switch) and pulling the
input to inverter 1C6a low via D6. Point
C17 going low also causes IC2a to turn
off momentarily due to the coupling by
C8. This briefly removes F5 from B6,
which connection normally gives the
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latched output at pin 7 of the M208.
This is necessary to ensure that, when
the rhythm is stopped, the pedals do
not continue of their own accord. This
momentary disable circuitry is also used
on the input side of the M108 to cancel
any memorised chord if the rhythm is
switched off. It is worth pointing out
here that the M258 and the NOR gates
supplying the bass codes run from +5 V
while the M108/208 run from +12 V.
This does not cause a problem since the
bass code inputs of the M108/208 will
accept anything from +4 V to +18 V as
a high level input on these pins when
running from +12 V itself.

The M258 output pin 24 is a down-
beat indicator and goes low on the first .
count of any selected rhythm. This
signal is connected to four parallel
inverters from 1C21 to provide current
drive to the LED downbeat indicator.
Output pin 8 was discussed last month
with the lower manual rhythm guitar
voice and is used to trigger this voice.
The length of decay for the rhythm
guitar is determined by the state of
output pin 11: this output is one which
has the steady state output
programmed. If this pin is high the
discharge time of C54 is long, thus
giving a long chord from the guitar. If
the pin is low the discharge time is
shortened by putting R145 across C54
and thus giving the short guitar chord.
This feature is very important in
providing a good, musically interesting
backing, and emulates the ‘real’
guitarist’s performance more correctly.

Rhythm Voices

Eight different ‘instruments’ can be
triggered by the M258 outputs. These
are cymbal long, cymbal short, cymbal
strike tone, handclap, tom-tom, clave,
snare drum and bass drum. The bass
drum, clave and tom-tom all use similar
damped oscillator circuits but with
different resonant frequencies. As an
example of their operation, the clave
voice is triggered by pin 10 of 1C24. The

oscillator comprises 1C25a, R182,183,
€68 and C69, the resistors and capaci-
tors determining the frequency of
oscillation. Normally the circuit does
not oscillate but when a low appears on
pin 10 of the M258 a pulse is generated
by C67, D46 and R181 which causes
the circuit to oscillate momentarily.
‘This damped oscillation synthesizes the
sound of the clave and is fed via R225
to IC12b, which is the rhythm
mixer/preamp. After decoupling by C88
and the output impedance raised by the
series resistance R231, the rhythm
sounds pass to the rhythm volume
control and then to the final mixer/pre-
amp. Q18 is connected to the rhythm
on/off switch so that with the switch-
off, Q18 is turned on and shorts out
any residual rhythm noise.

The cymbal voice is more complex
than any other because of its import-
ance in rhythms. It is developed by
triggering a mixture of two noise
sources and, optionally, a cymbal strike
tone generator which also doubles as
cymbal voicer. The first noise source
develops white noise and comprises the
reverse-biased base-emitter junction of
Q19 connected to Q20, which is the
amplifier. The output level of this
circuit is adjusted by PR7 and is
coupled through R191 and C72 to the
base of Q15.

EXP 1A
—_—
RESETTO CLK
M108/ FROM
208 IC6d/8 EXP 1B
RESET CLK TO
FROM M108/ AUDIO
IC9a/4 208 +12v TO R70

1

L

3 1 2 3 4

GND

~N—O0 & —
[0}
[0}

GND
0O 0 0 o o O ﬂ R
1 2 3 4 s & 7 8 9 10 N 12
KPA c3 1C9c/10
ic1a
+12v 1C9b/11

L

g

EXP 2

Fig. 3 The wiring of the expansion socket.
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The other noise source is responsi-
ble for the metallic ‘ring’ content of the
cymbal sound and comprises hex
Schmitt inverter |C28 and quad EXOR
gate 1C29, IC28 is used to form six
oscillators, which are EXORed in
various combinations and and finally
mixed together and coupled via C76 and
R197 to the emitter of Q15.

The cymbal trigger pulse from pin
3 of the M258 passes via C70 and causes
Q15, normally biased off by R190, to
conduct and output a mixture of the
two noise sources to its collector, where
it is filtered by IC25b. The duration of
the cymbal sound is largely determined
by how long C71 in the base circuit ot
Q15 remains discharged. If the M258
output on pin 5 is not active, ie is high,
C71 will be charged fairly quickly via
R185 (22k) and D48 in parallel with
R190. If, however, pin 5 is low, C71
will take much longer to charge through
R190 (4M7) alone. These two time
constants give the long and short
cymbal sounds. Output pin 5 is the
other output referred to which does not
always return to its high state with each
clock cycle. The cymbal strike tone is
derived from output pin 4 and makes
use of the cymbal filter as a damped
oscillator. By careful programming of
the ROM, excellent hi-hat effects can be
produced in conjunction with the short
cymbal sound.

The snare noise trigger is from pin
22 of the M258 and is inverted by
IC21f. This positive-going pulse is then
coupled via C78 to the emitter follower
Q16: D50, R202,C79 and R203
provide shaping for the pulse which is
fed to the base of Q17. This transistor
is also fed with white noise from Q19,
20 and is normally off: hence no snare
noise, When the trigger pulse arrives,
Q17 is switched on and amplifies the
white noise, which then appears on its
collector. Thus the snare drum noise is
developed from a passive strike tone,
resuitant from the fast rise time of the
trigger, together with the white noise.
The drum part of the snare is produced
by the tom-tom generator |C26a.

The last voice on the rhythm unit is
the handclap generator, which is
gradually appearing on commercial units
and will become an industry standard
during the year. The generator is
enabled by taking pin 2 of |C30a (a
NOR) Jow. Note that IC30 is connected
to a +12 V supply, which is necessary
for one of the gates to be used else-
where on the organ. (This highlights one
other useful feature of the M258 — ali
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Fig. 4 Circuit diagram of the PSU and amplifier (component numbers restart from 1).
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outputs are open-drain and can
therefore be pulled up to whatever
voltage is required. A quick look at the
schematic will show this feature used to
effect.) The positive-going output from
IC30a pin 3 is fed to Q21, which gates
white noise from Q19,20, and also to
IC30b,c which are connected as a
monostable, The rising and falling edges
of this monostable will trigger the
damped oscillator of IC31a, producing
two beats of the handclap. This is over-
layed with white noise from Q21 and
filtered by 1C31b. Both sound
components are summed in the rhythm
mixer [C12b.

Amplifier/Power Supply

The power supply is of a standard
configuration, the =18 V supplies being
used for the amplifier {C, The 12V
supply is obtained from a 7812
regulator IC fed from the +18 V rail and
the +5 V (used only in the rhythm
section) is derived from the +12 V by
Ql.

The power amplifier is an
integrated circuit type TDA2030L. Its
output is fed to a four ohm loudspeaker
via a headphone socket which breaks
the connection to the speaker when

used. Signal reduction for headphone
use is made by a 100R resistor attached
to the headphone socket.

The input to the power amplifier is
made via IC3c (part of a 4016) which is
used to keep the audio line
disconnected for a short period
immediately after switch-on. This
eliminates spurious outputs from both
the generator ICs and the rhythm unit
caused by switching transients. The
audio line both into and out of IC3c is
biased at +6 V by R4 and R7, fed from
the junction of R8,9 and C9. This is
necessary since IC3 is running from a
single supply.

At switch-on, IC3c is off because
pin 5 is tied to ground through R6.C7
is allowed to charge through RS until
the voltage on C7 is sufficient to turn
on [C3a and IC3b, which are connected
in parallel. This then applies the +12 V
to pin 5 of IC3c, turning it on and
connecting the audio line to the power

amplifier.
BUYLINES

Prices for kits of organ parts are available
on application to Leighton Electronic
Services, 17 Bridge Street, Leighton Buz-
zard, Beds LU7 7AH (tel. 0525 382504).
A demo cassette is available for £1.95,
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\ mail order
L ahbuboOrs. s

projects
SPECIAL INTRODUCTORY
KIT OFFERS

To enable the price conscious enthusiastto be a

PROFESSIONAL

Hobbyboard Systems are derivatives from well proven, high quality
PCB manutacturing techniques — they produce quality products for
technical projects — why settle for less?

PRINTED CIRCUIT TRANSFER
& ETCH (xiTHB/1)

A complete kit which includes simple Foil Pattemn transter system, rub down
transfers, copper clad PCB and all processing materials and requirements
including explicitinstructions. (Up to 10 circuits/kit)

Normal Price £15.00 pECIALC

DO I

PRINTED CIRCUIT PHOTO RESIST
PRINT & ETCH (xiTHB/2)

A complete kit which enables you to make top quality PCB's the professional
way. Includes full set of artwork aids, photo resist PCB and all process
materials and requirements. (Up to 10 circuits/kit)

Normal Price £24.00 SPECIAL
£16.00

DAYLIGHT PHOTOGRAPHIC
SYSTEM (KiTHB/3)

Now you can make your own Photopositives and Negatives to professional
standards — NO DARKROOM —complete kit with Pos. & Neg_ film and all

process aids. s

Normal Price £19.50 PE .-‘ ‘. : D 3
PHOTO LABEL & PANEL SYSTEM
(KITHB/4)

Now make professional labels & paneis for your project cases - finish the job
properly —complete kitincludes artwork transfers and materials to print fully
laminated Plastic Panels in 5 colours. (Up to 20 labels/kit).

Normal Price £22.50

ERPRICE
KITS HB/2, /3, /4 REQUIRE ECIAL OF
UV EXPOSURE % 5.00 INCL. VAY
BUILD YOUR OWN UV UNIT (uB/UVv1)

| uviamp, Holder & Shade supplied with full assembly instructions to build a
unit which will give superb results normally only obtained from very high cost
systems - FAST EXPOSURES - FINE LINE REPRODUCTI

Normal Price £27.00 PE RF

B.00 IN

Hobbyboard UV ARTBOX (HB/Uv2)

Afully built, self-contained artwork table and UV exposure unit — TWO for the
price of ONE - EXPOSURE AREA 9" X 6" -EXCELLENT VALU

Normal Price £65.00 SPECIALC FFER‘II’::_CE
Even greater savings it you order £49.00INCL.
kits HB2, HB/3 and HB/4 with your new exposure unit

KIT HB/5 FULL PHOTOKIT - £60.00 INCL. VAT
KIT HB/6 FULL PHOTO KIT —£90.00 INCL. VAT

—y r -y Fr _§F 3 _¥F ¥ ¥ ¥ ¥ ¥ ¥ ]
ORDER FORM 5577)777;?:52’!5? ;?f{’g;?g:els-)

Please send me the following as quickly as possible

QTY DESCRIPTION PriceCat. TOTAL

[ KITHB/1 -PCBTRANSFER&ETCHKIT— £12.00- £

3 KITHB8/2-PCBPHOTORESISTKIT £16.00- £

O KITHB/3—DAYLIGHT PHOTOKIT - £13.00- £

O KITHB/4 ~PHOTOLABEUPANELKIT- £15.00- £

O KITHB/S-FULLUV/1 PHOTOKIT £60.00- £

[ KITHB/6-FULLUV/2PHOTOKIT £90.00- £

O HB/UV1-DIY UVEXPOSURE UNIT £18.00- £

43 HB/UV2-Hobbyboard UV ARTBOX £49.00- £

Name TOTAL € :

Address P&p £ 0:60
Cheque/POL

Please Send further details [ ]

KELAN (Hobbyboard)

North Works, Hookstone Park,
Harrogate, North Yorkshire.

2 0423-883672

A division of Kelan Engineering Ltd. ET/483
\----—----m-—--
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TEST EQUIPMENT CENTRES cresions s weex

ALL MODELS ON DISPLAY

HAND HELD
K025C*13 range 0.2A OC 2 meg ol

6010+ 22 range 104 AC/0C 20 me
7030+ As 6010 but 0.1% basic.

tester
HAND KELD AUTO RANGE

[Miniature)
HD30 16 range 0.2A AC/DC 2 meg

buzzer

hm

KD30C*26 range 1A AC/0C 20 meg ohm
KO55C* 28 range 104 AC/DC 20 meg ohm

0 ohm

ghm

HD30/8 As above plus cont. buzzer
HO31 22 range 10 AC/DC 2 meg shms plus cont.
£58.95

£24.95
£34.95
£39.95
£34.40
£41.30

188M 16 rangs 10A OC. 2 meg plus Hie lester £38.85
189M 30 range 10A AC/DC. 20 meg plus Hie

£69.95

DM2350# 21 range 10A AC/0C 20 meg ohm

£49.95
£41.95
£44.50

BENCH MOOELS (3' digit unless stated)

TM353e 27 range LCO 2A AC/DC

TM355¢ 29 range LED 10A AC/DC
TM351e 29 range LCD 10A AC/DC

2001 28 range LCD 10A AC/0C plus Srange
Cap. Meter with case £108.00
TMA451 41 digit LCD every facility [0.02%) £171.00
1503a 4, dlgit LCD svery facility (0.05%} £171.00
1503Ha 0.03% basic version of ahove £189.00
+0ptional carry case £2.85  #Wwith free carry case
=0ptional carry case £6.84

EDUCATIDNAL DISCOUNTS AVAILABLE FOR
ALL STOCKS - PLEASE ENQUIRE

* Optional carry case £6.84

FREQUENCY COUNTERS

LPEFDMZIIJA 200 MHZ hand held pocket 8 digit

8110A 8 digit LED bench 2 ranges 100 MHZ £77.00
86108 9 diglt LED bench 2 rlngu 600 MHZ £113.85

B0OO0O0B 9 digit LED 3 ranges 1 GHZ £178.00
TFOAQ* 8 digit LCD 40 MHZ £126.50
TF200* 8 digit LCO 200 MH2 £166.75

Prescalers - Extended range of most counters
TP600 600 MHZ £43.00
TP1000 | 5HZ £74.00

'SIGNAL GENERATORS
[220/240v AC) -

.,

FUNCTION : All sine/square/triangie/TTL. stc
TG100 1 HZ - 100 KHZ £90.
TG1020.2HZ - 2 MHZ £166.75
PULSE

T6105 Various facilities SHZ - § MHZ £97.75
AU010 : Multiband Sine/Square

LAG27 10HZ 10 | MHZ £86.00

AFGZOZA 20 HZ to 200 KHZ £78.00
R

$6402 100 KHZ to 30 MHZ £59.95

LSG17 100 KHZto 1S0 MHZ £71.00

ELECTRONIC INSULATION TESTER

AUOIO @ AF @ FUNCTION © PULSE

YF 501 500 V/0-100m with carry case £63.00
MULTIMETERS

(UK C/P 65p) !
Y7206 20K/V.

19 range pocket meter b

SPECIAL PRICE £7.95 ==

7081 50K/V 21 ranges.
Range doubler 10A OC.

SPECIAL PRICE £15.95
ETC5000/5001 21 ranges. 50K/V. Range

doubter. 10A OC.

TMKS500 23 ranges 30K/V. 12A OC pius

cont. buzzer.
NH56R 20K/V. 22 range pocket
EU102 14 range 2K/V pockat

protection. etc.
10A AC/GC plus Hfe

tester
ST303TR 21 range 20K/V plus Hie

830A 26 range 30K/ V. 10A AC/0C overload
360TR 23 range 100K/ V. Large scale
AT1020 18 range 20K/ V. Deluxs plus Hfe

tester

!

£16.50

£23.95
£10.95
£5.95

£23.95
£36.95

£17.50
£16.95

0SCILLOSCOPES

Full specification any model on request, SAE by post.

‘HM’ Series HAMEG: 'SC’ THANDAR:

‘CS’ Series TRI0: 3’ Series CROTECH

SINGLE TRACE

3030 15 MHZ SmV. 85mm tube pius component

tester C/P £3.00 £172.50
SC110A* Miniature [0 MHZ battery portable
Postfree £171.00
HMI103 15MHZ 2mVv. 6 x 7 dispiay plus

component tester C/P £3.00 £1

# Optionai carry case £6.84  AC adaptor £6.69

Nicads £12.50

DUAL TRACE (UK C/P £4.00)

HM203/4 Bual 20 MHZ plus component

tester £276.00
CS1566A Dual 20 MHZ. Ali facilities £299.00

VARIABLE POWER
SUPPLIES

PP2410/12/24V. 0/1A.
£35,

PP243 3 amp version £59.95
|UK C/P £1.00)

HM204 Dual 20 MHZ plus component tester
sweep delay. £419.75

OPTIONAL PROBE KITS
Xt £7.95 X10 £9.45
X1-x10 £10.50 X100 £16.95

STOCKISTS FOR TRIO: HAMEG: CROTECH: l
SAFGAN "SCOPES. MOST MODELS IN STOCK.

DIGITAL THERMOMETER /

TH301 LCO -50°C to +750° with
thermacouple

‘| 20K/velt. [UKC/P6BSp) £18.40

HIGH VOLTAGE METER

Direct reading 0/40 KV.

AC CLAMPMETER
ST300 0/300A: 0/600

VAC. 0/1 Kohm 9 ranges

With carry case [UK C/P 65p)

£28.50

DIGITAL CAPACITANCE
0.1 pl to 2000 mid LCO 8 ranges
DMBO013 £57.95 [Carrycase £2.95)

LOGIC PROBES

LP10 10MHZ £28.50
LDPO76 50 MHZ £56.90

TRANSISTOR TESTER |~

Diract reading PNP: NPN. stc.

£21.95

C1
[UK C/P 85p)

FREE Cotagocg.
SEND LARGE‘(

AUDIO ELECTRONICS £ pastmi

301 EDGWARE RDAD. LONDON W2 18N, TEL:01-7243564 [§ ' . el

ALSD AT HENRYS RADID.

404/406 EDGWARE ROAD, LONDON W2

Order by Post with CHEQUES/ACCESY/
Y184 0f you can telephone your orders.
Al orders despatched within § days
uniess ecvived.
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TWO NEW HANDHELD DIGITAL MULTIMETERS
200.A — 10 AMP AC-DC

28 Ranges each will full overload protection
AMAZING VALUE

..\ MODEL 7030

DC accuracy ¢ 4 %

. £35,95

=

; Plus vaT \
= £41.34 ~

7/
-~
L an

‘\'/ ’\V/r/\ v /’

SPECIFICATION

MODE SELECT: Push button

AC DC CURRENT: 200xA to 10A — 6 Ranges

AC VOLTAGE: 200mV to 750V — 5 ranges

DC VOLTAGE: 200mV to 1000V — 5 Ranges
RESISTANCE: 2000 to 20MQ — 6 Ranges

INPUT IMPEDANCE: 10MQ

DISPLAY: 3} Digit 13mm LCD

O/LOAD PROTECTION: All ranges

BATTERY: Single PP9 type (included)

BATTERY LIFE: 200 hours

DIMENSIONS: 170 x 89 x 38mm

WEIGHT: 400g inc battery

OTHER FEATURES: Auto polarity, auto zero, battery low
indicator, ABS plastic case with tilt stand, battery and test
leads, spare fuse and operators manual included.
Optional carrying case

Cheques/PO please to
AFDEC ELECTRONICS LTD

Kempshott Lane, Basingstoke, Hants RG22 5LT
PLEASE SUPPLY (All prices include VAT & P&P)
............................................................ Model 6010 — £34.44

............................................................ Model 7030 — £41.34
...................................................... Carrying Case — £2.00

Total ................
PLEASE PRINT CLEARLY
NAME

ADDRESS

I'he portable prof ) |
A frequency counter that fits in the palm of your hand. That's the MAX-550 from
G.S.C. An accurate, easy-to-use instrument with a guaranteed measuring range
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from 1kHz to 550MHz

, the MAX-550 measures only 2x6x 1.5 inches and weighs

less than half a pound. Yet its bright 6-digit LED display and its internal crystal-
controlled timebase combine to give readings with an accuracy of 3 parts per
million on signals down to 250mV.

Simple to operate?

It has to be, with no need for switching or adjustment of

polarity, slope, trigger or input level, and with built-in automatic lead-zero
blanking. It runs from internal rechargeable batteries or an external d.c. supply,
comes with a whole range of accessories, and costs — believe it or not — only £85
(plus V.A.T and P.&P.)

To find out more, fill in the coupon right away.

GLOBAL SPECIALTIES CORPORATION

G.S.C. (UK) Limited, Dept 9B
S: Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex CB11 3AQ
Telephone: Saffron Walden (0799) 21682. Telex: 817477

G.S.C. (UK) Limited, Dept. 98, Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex CB11 3AQ l
v e, . '

IMODEL MAX-550 FREQ. COUNTER Unit price inc. P.&P. 15% VAT £100.05 Qnty Reqd |
Name

Address -

I enclose cheque/P.O for £

— _ or debit my Barclaycard: Access

American Express card no - exp. date
FOR IMMEDIATE ACTION - The G.S.C. 24-hour. 5 day a week service For FREE
Telephone (0799) 21682 and aive us your Barclaycard/Access/American Express catalogue
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Superior Quality Precision Made

NEW POWER RHEOSTATS

New ceramic construction, heavy duty brush
assembly, continuously rated.

25 WATT 10/25/50/100/160/250/500/ 1K) 1.5k
£3.10.+ 50p P&P (£3.91 inc. VAT).

50 WATT 2501) £5.50 + 50p P&P (£8.90 inc. VAT).
100 WATT 1/5/10/25/50/100/250/300/500/ 1k(1/1.5k{2/2.5kf1/3.5k
£7.25 + 75p P&P (£9.20 inc. VAT)

Black Sitvor Skirted Knob calibrated in Nos. 1-9, 1}2in dia. brass bush.
Ideat for above Rheostats 30p ea. +VAT.

SOLID STATE E.H.T. UNIT

input 230V A.C. Fully isolated. Aprox. 15KV. Built-in 10 sec. Timer. Easil

modified for 20 sec. 30 sec. to continuous operation. Size
155x85x50mm. Price £5 + 75p P&P. {Total inc. VAT £6.61).
240V A.C. SOLENOID VALVE
Designed for Air/Gas at 0-7. Water 0.5 psi. Inlet/outiet 38" Forged brass
bndy. Manuf. Dewraswitch Asco.
Price: £5.50 + 75p P&P {£7.10 inc. VAT). NNM.S.
METERS (New) — 90mm DIAMETER
AC Amp. Type 62T2: 0, 1A, 0-5A, 0-10A.
AC Volt. 0-150V, 0-300V. i
DC Amp. T‘pe 65C5 0-5A, 0-10A, 0-50A, 0-100A. DC Voit 30V. All
£3.60 6a + P&P 75p (£5.00 inc. VAT) except 0-50A DC, 0-100A DC r|ce
£3.00 + 75p P&P (£6.81 inc. VAT).
ULTHA VIOLET BLACK LIGHT
FLUORESCENT TUBES
4ft 40 watt £8.70 inc. VAT £10.00 {callers only}.
21t 20 watts £8.20. Post £1.25 (£8.57 inc. VAT & P).
{For use in standard bi pm fittings).
12in 8 watt £3.00. + 45p {£3.97 inc. VAT P&P).
9in § watt £2.50. + 45p. (£3.39 inc. VAT P&P).
8in 4 watt £2.50. + 45p (£3.39 inc. VAT P&P). g
Complete ballast unit for either 6V, 9V or 12V tube 230V AC op. £5.50

Post 55p (£8.98 inc. VAT P&P). Also avaitable for 12V DC £5.80 Post 55p
(£8.96 inc. VAT P&P),

BLACK LIGHT BULBS

Sell ballasted Mercury U.V. 175W Bulbs. Availabie for either B.C. or E.S.
. Price incl. X&B & VAT £11.50.

400 UV LAMP BALLAST complete £38.00 Post £3.50 (£47.73 inc.

VAT & P). 400W UV LAMP only £14.00. Post £2.00 (£18.40 inc. VAT & P).

SOLENOIDS
230\/) AC. approx 20Ib pull, heavy duty £7.50 + £1.50 p&p (£10.35 inc.
AT)

240V A.C. appiox }OIb pull. £1.83 + 50p p&p (£2.79 inc. VAT)
12V D.C. approx 1121b puil. £1.66 + 40p p&p (£2.38 inc. VAT)

CONTACTOR _
AMF 230V AC 2 c/0 25A. £5.50 + 75p p&p (£7.18 inc. VAT}
AEG, Arrow-Hart, etc, from stock. Phone your enquiries

Stockists for

Ample parking space ’
Showroom open
Monday-Friday

EN

VARIABLE VOLTAGE TRANSFORMERS

INPUT z:o/zwv a.c. 50/80 OUTPUT 0-260V
200W 1amp inc. a.c. voltage
0.5KVA (2‘/1 amp MAX)

219 00 S
1 KVA {5 amp MAX} £25.00°
2KVA (10 amp MAX)} £41.00
3KVA (15 amp MAX) £49.00

5 KVA (25 amp MAX) £79.00
10 KVA (50 amp MAX) £174.00

15 KVA (75 amp MAX) £270.00

3-PHASE VARIABLE VOLTAGE
TRANSFORMERS

Dual input 200 -240V or 380-415V. Star connected

3KVA 5 amp per phase max £113.40 All plus
6 KVA 10 amp per phase max £170.10 carris
10 KVA 16 amp per phase max £345.45 and VAT

Comprehensive range of L.T., AUTO {110-240V),
ISOLATION TRAN FORMERS available for im-
mediate delivery. Leaflet on request.

EPROM ERASURE KIT

Why waste mone ? Build your own EPROM ERASURE for a frac-
tion of the prlca o'va made-up unit. Complete kit of parts less case,
to include 12"’ 8 watt 2537 Angst Tube. Ballast unit, pair of bi-pin
Ieads Neon indicator, safety microswitch, on/off switch and cir-

LESS CASE. Price: £13.60+75p P&P. (Total incl. VAT £18.50).
Waming: Tube used in this circuit is highly dangerous to the eyes.
Unit MUST be fitted in suitable case.

FROM STOCK AT PRICES
THAT DEFY COMPETITION!

AC GEARED MOTORS C.F. BLOWERS
DC MOTORS AC CAPACITORS
MICROSWITCHES STROBE KITS
RELAYS FLASHTUBES
REED SWITCHES CONTACTORS
SOLENOQIDS SYNCHRONQUS
PROGRAMME TIMERS MOTORS

Phone in your enquiries

Finnigans Hammerite paint and Waxoy! productSJSERVICE TRADING co

- — 57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB, 01-995 1560

ACCOUNT CUSTOMERS MIN. ORDER £10

GEARED MOTORS

Srpm 240V A.C. M. by Carter. £8.05 £1 p&p (£8.11
inc. VAT)

7V2rpm Motor approx 30ib in. 110V A.C. complete
with Transformer for 240V A.C. £10.20 + £1.50 p&p
{total inc. VAT £13.45)

T1rpm WYNSCALE motor spprox. 10ib inch.

AC. suppllod with auto transformer 240V,

QC gpavauon £9.75 p&p £1.50 {(£12.94 i lnc VAT).

-

42 rpm. 110 A.C. 50hz. 100Ib inc. reversible, will operate on 230 .A.C.
Speed remains at 42 rpm but torque reduces by 50%. Price £18.15 p&p
£2.50 (£23.75 inc. VAT). N.M.

TRANSFORMER 240V A.C. o erations £15.07

38.3 rpm GEARED MOTOR. Torque 35ib.in. reversible 115V AC inc. start
capacitor. Price: £11.55 + £2 P&P (total incl. VAT £15.38).

Suitable Transformer 230V A.C. operation. Price: £7.15 + 50p P&P (total
incl. VAT £8.80).

N.E.C. GEARED MOTOR. 152 rpm, 200Ib.in. 230V A.C. 50Hz.
Ratio 9.2 to 1. Non reverse. Incl. capacitors. Fraction of
maker's price. £41.26 + Carr + VAT. N.M.S.

INDUSTRIAL STROBE KIT

Ideal for Industrial and Educational purposes. Produces high mtsnli!;
flash variable from approx. 1 to 70 f.p.s. Price less case: £2 P&
(total incl. VAT £33.36). Suitable Case and Reflector £12.80 + £2 P&P
(total incl. VAT £16.68).

HY- LYGHT Mk V Designed for Disco, Theatrical ui

Approx. 4 joules. Adjustable spead Price £27 + £2 P&P. (Tmal nnc VAT
£33.36). Case and reflector gncn £12.50 + £2 P&P. (total incl. VAT

£18.88). Foolscap SAE for further details including Super Hy-Lyght.

COMPRESSOR

Thomas single diaphragm. Max. 20 psi. 14" cfm., approx. 110V A.C.,
£16 + £2 P&P {total incl. VAT £20.70), OR, to include Transformer for
230/240V A.C. £26.45 incl. VAT.

BLOWER/VACUUM PUMP

3 phase A.C. moton220/250V or 380/440V. 1,425 rpm, 18 h.p. cont. Direct
coupled to William Allday Alcosa carbon vane blower/vacuum pump.
0.9 cfm 8hg. £22 + £4 P&P {total incl. VAT £29.90).

INSULA'HON TESTERS NEW

VOLTS 500 megohms £49.00 P&P £2.00
(m&ﬁ inc, VAT & P} 1000 VOLTS 100011 £55.00
P&P £2.00 (£88.55 inc. VAT & P). SAE for leaflet

SANGAMO WESTON TIME SWITCH

Type 5251 200/250 AC 2 on/2 off every 24 hours. 20 amps contacts
with overnde switch. Diameter 4 x 3, price £9.50 P&P £1.00
(€£12.08 inc. VAT & P). Also available with solar dia. R&T.

Also available Sangamo Weston 60 amp and AEG 80 amp. Phone
for details.

Type $288 1 on, or 1timed c/o sve! 24 hours day omitting device.
Price £11 + £1 P&P. (£13.80 incl. VAT). N.

Type . As above, plus 36 hours prm
cover. Price: £13 + £1 P&P (£16.10 mcl VAT). N

Manufacturers’ Surplu..
R&T R-eondmomd and T

reserva Less perspex

Personal callers only. Open Saturdays
9 Little Newport Street
London WC2H 7JJ

Tel: 01-437 0576

_THANDAR PORTABLE TEST BENCH

Awiderange of high performanceinstruments, atpricesthatare hardtobeat, puts

professionaltestcapability on yourbench.

COUNTERS — TF200 10Hzto 200MHz; TF040 10Hz to 40MHz; PFM200A 20Hzto 200MHz
{(hand-held model); TP600 prescales to 600MHz; TP1000 Prescales to 1GHz.

MULTIMETERS - TM351 0.1% 32 digit LCD; TM3530.25% 3'2digit LCD; TM3550.25%
3.2 digit LED; TM3540.75% 32 digit LCD(hand held model); TM4510.03% 42 digit

with autoranging and sample hold.

OSCILLOSCOPE -SC110A 10MHz, 10mV sensitivity, 40mm CRT with6mm

graticule divisions.

THERMOMETERS - TH301 —50°Cto +750°C, 1°resolution; TH302 —40°Cto +1100°C
and —40°F to +2000°F,0.1°and 1°resolution. Both acceptanytypeKthermocouple

GENERATORS - TG100 1Hzto 100kHz Function, Sine, Square, Triangle Wave; TG102
0.2Hz to 2MHz Function, Sine, Square, Triangle Wave; TG105 5Hzto 5MHz Pulse, Free

Run Gated or Triggered Modes.

LOGIC ANALYSERS —TA2080 8 channe! 20MHz; TA2160 16 channel 20MHz.
ACCESSORIES —Bench rack, testleads, carrying cases, mains adaptors, probes;

ThandarElectronics Ltd,
London Road, St. tves,

Huntingdon, Cambridgeshire PE17 4HJ.
Telephone (0480) 64646. Telex 32250.

A5 thandar

ELECTRONICS LIMITED PUTTING THE BEST WITHIN YOUR GRASP

Sendfor ourlatest catalogue and price list.
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FEATURE

DESIGNERS

NOTEBOOK 2

Our second Notebook topic is that much-misunderstood beast,
the switched mode power supply. P.S. Wilson of International
Rectifier gives a step-by-step explanation of the various types

and design examples.

he term ‘switching mode power supply’ is used to
describe DC-to-DC converters and AC-to-DC con-

verters which operate on a switching principle. Using
switching techniques, voltage step-up and voltage inver-
sion can be achieved, as well as the more common
voltage step-down function. The advantages of using swit-
ching techniques over a linear solution are the reduction
in the size of components (such as power transformers and
output filter capacitors) by operating at high frequency,
and dramatic improvements in efficiency, since the power
elements are either fully turned ‘on’ or ‘off’ and do not
operate in the linear mode. The disadvantages of swit-
ching mode solutions are increased noise and radio fre-
quency interference (RFl) which is generated during the
switching transitions. Circuit complexity is increased, as in
addition to the control circuit, a power switch, rectifier,
high frequency transformer or inductor and drive circuitry
is required.

Switching mode solutions are, however, cost-
competitive with linear power supplies in off-line applica-
tions at and above the 100 W level. Switch mode power
supplies are also used at lower power levels in DC-to-DC
converters where there is a special requirement such as
high efficiency, for example in solar energy conversion, or
small size for mobile communications equipment.

Basic Principles

The circuit and waveforms in Fig. 1 illustrate the basic
principle of the switching mode supply by comparison
with a linear regulator. The circuit configuration shown is
for a voltage step-down conversion. When switch SW1 is
closed the input supply voltage is applied to the inductor
L1, and current flow in the inductor will rise with a ramp
waveform, charging capacitor C1 and also supplying the
load connected at the output of the supply. When SW1 is
opened (equivalent to turning off a semiconductor device)
the inductor current diverts into the rectifier, D1. The
voltage at circuit node ‘P’ falls instantaneously to a rectifier
forward voltage drop below the 0 V line, and the current
flow in the inductor follows a negative ramp waveform.
_ The power supply load is now supplied both from the in-
ductor and from the output capacitor, C1. When SW1
again closes, D1 becomes reverse biased and the inductor
is again connected to the input supply. In the steady state
condition, the positive volt-second product applied to the
inductor must balance the negative volt-second product
applied when the rectifier conducts. The voltage at the
output of the supply is regulated by controlling the
‘on’/‘off’ ratio, or duty cycle of the switch SW1. Because
the switching element is either ‘on’ or ‘off’ the power loss
is small and the efficiency of the supply approaches 100%.
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Vin REGULATOR } Vour
+

Comparison with the linear regulator (Fig. 1b) shows an ef-
ficiency of approximately V,/V,.

Figure 2 illustrates how, by rearranging the circuit
elements SW1, L1 and D1, voltage step-up and voltage in-
version can be achieved. Provided that the current flowing
in L1 does not fall to zero between the conduction phases
of SW1, the circuit configuration in Fig. 2a can be said to
provide a ‘non-pulsating’ output current. This feature
allows low output ripple voltage to be achieved. The con-
figuration shown in Fig. 2b, however, will exhibit a
‘pulsating’ output current as the inductor current is
diverted from the output when SW1 closes. The input cur-
rent flow, however, can be arranged to be non-pulsating,
so reducing the ripple voltage on the input supply. The
voltage inverting circuit, Fig. 2c has pulsating current
waveforms at both input and output terminals.

To overcome this apparent restriction on operating
mode, transformer-coupled circuits can be used. The
voltage conversion achieved is then defined by the
transformer turns ratio and the polarity of the output rec-
tifiers. Figure 3 illustrates the most common circuit con-
figurations in use today. In addition to increasing flexibili-
ty, the transformer-coupled solution offers the option of an
isolated output supply.

Figure 3a shows a transformer-coupled circuit con-
figuration analagous to the voltage step-up circuit in Fig.
2b. The dots against the transformer windings indicate

AT {1--517

INDUCTOR, L1, CURRENT WAVEFORM
lp = DC QUTPUT CURRENT

Vout =4ViN
WHERE 5 IS THE DUTY CYCLE
OF SWITCH SW1

{b)

Voyr!
EFFICIENCY = _OUT O
Vinlo

Fig. 1 Basic principles. (a) The forward converter (buck
converter). (b) The basic linear regulator. ’
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Vin Vour Vin —
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s T o
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O —0
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T
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Fig. 2 Circuit configurations to achieve different V,./Vour..
(a) Voltage step-down. (b) Voltage step-up. (c) Voltage
inversion.

their polarity. SW1 and D1 conduct during opposite
phases of the drive signal, that is, they conduct non-
simultaneously. .

Figure 3b is analagous to the voltage step-down circuit
in Fig. 2a. SW1 and D1 conduct simultaneously. During
the switch ‘off’ time, current flow in L1 is diverted through
a second rectifier, D2. The purpose of the third winding on
the transformer is to reset the magnetic core of the
transformer during the switch ‘off’ time. If this was not
done, the magnetic core would become DC-biased and
may saturate, resulting in poor performance (low efficien-

cy and high pulse currents in the primary winding and

SW1).

Figure 3c, the push-pull converter, is again analagous
to the circuit in Fig. 2a. The difference between this circuit
configuration and the forward converter shown in Fig. 3b
is that the transformer is biased bidirectionally by switches
SW1 and SW2 which conduct alternately. Consequently
the ‘reset’” winding shown in Fig. 3b is not required. The
output filter components L1, C1 operate at twice the swit-
ching frequency, allowing some size reduction. Each swit-
ching device (SW1, SW2) passes only one half of the out-
put current divided by the transformer turns ratio, n. Con-
sequently this solution may be preferred to the solution
shown in Fig. 3b at higher power levels (greater than
100 W).

Figure 3d illustrates a type of push-pull converter com-
monly used in off-line applications. Its main advantage,
apart from the automatic resetting of the transformer core,
is that the maximum voltage seen by either switch does
not substantially exceed -tﬁe input supply line voltage.
Consequently, 400 V switches can be used when working
directly from the rectified 240 V mains supply. Capacitor
C2 prevents DC biasing of the transformer core which may
otherwise arise through asymmetry in the switching
waveforms of SW1 and SW2. Capacitors C3, C4 effectively
divide the supply to the transformer by two.

Finally, Fig. 3e represents a further modification to the
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basic forward converter in Fig. 2a. The capacitors C3, C4
in the previous figure are replaced by two more switches;
SW3, SW4. DC magnetisation of the transformer core is
prevented by capacitor C2. The full supply voltage is now
applied across the transformer primary as switches SW1
and SW4 and then SW2 and SW3 close simultaneously.
The maximum voltage applied to any of the switches will
not exceed the supply voltage significantly. This ‘full
bridge’ configuration is used in high power switching
power supplies where the size and cost of capacitors C3,
C4 to replace the switches would be prohibitive. The same
circuit configuration is used to drive reversible DC motors.

Switching power supplies can use capacitive elements
as the energy transfer medium, rather than magnetic com-
ponents which have been considered so far. Generally,
capacitive circuits are limited to use at high frequency
(greater than 10 kHz) and relatively low power levels.
Figure 4 shows a capacitive voltage multiplier and a
voltage inverting circuit. An example of such a circuit,
which is available in integrated form, is the ICL7660 from
Intersil Inc. :

Operation of the circuit in Fig. 4a is as follows. Initial-
ly, SW2 is closed and SW1 “off'. Capacitor C1 is charged to
V., through rectifier D2 and SW2. SW2 then opens and
SW1 is closed. This causes the voltage seen at the anode of
rectifier D1 to rise from V, to a value determined by the
relative sizes of capacitors C1, C2. When C1 = C2, the
voltage at the output of the supply will rise toward 2V.
SW1 is then opened and SW2 closed to repeat the cycle.

The circuit in Fig. 4b operates on the same principle.
SW1 charges capacitor C1 to V,\. SW2 is then closed, tak-
ing the cathode of rectifier D1 negative to a value deter-
mined by C1, C2. Capacitor C1 is then recharged through
SW1 and D2.

What Semiconductor?

As is inferred by the name ‘switching mode’ the
semiconductor devices required for this application are
primarily switching devices. The requirements for the swit-
ches are:

@ Low conduction losses.

@® Fast switching times.

® Voltage rating to match the circuit configuration and
input supply voltage.

® Ability to withstand an overload.

® Good safe operating area (SOA) when used in an in-
ductive load switching circuit.

These requirements can be met, largely, by a wide variety
of bipolar transistors, thyristors and SCRs. More recently,
power MOSFETS have been introduced with voltage and
current ratings suitable for use in switching power supplies
(current ratings to 40 A and voltage ratings to 500 V).
These devices offer substantial advantages over bipolar
transistors.in the following areas:

® Low gate drive power — simplifying the driver stage.
® Fast switching times which are largely temperature in-
sensitive — allowing operation at frequencies greater than
50 kHz.

@ Good overload capability — the device is not limited
by gain or second breakdown. Power dissipation is the
limiting factor.

® The positive temperature coefficient of ‘on’ resistance
assists current sharing when devices are parallel-
connected to achieve higher current ratings.

Rectifiers for switching power supplies have similar re-
quirements to the switching devices. The type of rectifier
used is governed by the circuit application as indicated in
Table 1.

Monolithic switching regulator circuits of limited out-
put power capability are available (Fairchild uA78540,
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n:1 ol

Vin - Vour
+
¢ VouT * Vyufnl1-5)
[ ]

01 L

Vin
L ]
I Vout = Vinbin
L ]
D3
sw (b)
vin D1 u
v
Gl Vout * Vinb/n
o
sw1 . [ &
{e)
b2 IN CIRCUITS 4{ ¢ } TO 4 } DUTY CYCLE
e 5 1S THE DUTY CYCLE OF SWITCH SW1

PLUS THE DUTY CYCLE OF SWITCH $W2:
S=6,+ bz

Vin0

Vour ~ Vinian

—O Vour

Vour * Vinbin

-0 Vour

Fig. 3 Transformer-coupled switching mode circuits.

(a) Flyback converter. (b) Single-ended forward converter.

(c) Push-pull converter. (d) Half bridge circuit. (e) Full bridge
circuit.

Texas TL497A), and the trend toward integrated power
functions can be expected to accelerate. There are a
number of integrated control circuits for switching mode
power supplies available, allowing the control circuit
board complexity to be reduced. The functions available
in these circuits include: an oscillator, a voltage reference,
a regulator, a current limit function and a driver stage.
Some of the more common devices are: Philips TDA1060
which is pin-for-pin compatible with the Signetics NE5560,
the Silicon General SG3524 which is multi-sourced, the
Texas Instruments TL494 which is also available from
Motorola, Fairchild and Fujitsu (as MB3759) and the
Motorola MC3420.
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Application ] Rectifier type
High Frequency Switching Schottky
Epitaxial
Fast recovery, diffused
High Current, Low Voltage Schottky
Switching Epitaxial
Germanium

Silicon diffused

High Voltage Switching Rectifier stack
ectifier stac

Magnetic Component Design

Magnetic components are used in the majority of swit-
ching mode power supplies. It is, generally, only at low
power and high frequency that capacitive circuits can be
used. Magnetic components are used not only as high fre-
quency transformers and DC inductors, but also as drive
transformers, providing isolation between the contro! cir-
cuit and the power switching elements, and as current
sensing elements.

Some of the criteria for the selection of a magnetic
component as a high frequency transformer core are:
® Operating frequency range.
® Maximum magnetic flux density.
® Loss coefficient at the operating frequency.
® Available winding area.
® Primary to secondary coupling factor, and isolation.
Ferrite cores in a variety of shapes and materials are
available. Metal powder cores, laminated and tape wound
cores are also available for specialist applications.

Transformer Design

As an example, consider the design of a switching
mode transformer to operate at 50 kHz in a half bridge cir-
cuit (refer to Fig. 3d). The input voltage is 310V + 5%, —
10% and the output required is 5V at 40 A.

Step 1. Select a core material suitable for operation at 50
kHz and a core size commensurate with the power
loading. Example: Mullard FX3740 core, A16 material;
Philips EC52/24/14 core, 3C8 material.

Step 2. Calculate the number of primary turns required to
avoid saturation of the transformer core under worst case
loading. Check that the worst case core losses do not
cause excessive core operating temperature. Check that
the winding area is adequate. Check that the magnetising
current is less than 10% of the load current for efficient

02

ﬁ
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C1+C2V, N
c2

1

D1
Vour
c
B2 £2 "|' Vour™~czVin
¢ ¢ O
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Fig. 4 Capacitive converter circuits. (a) Capacitive voltage
multiplier. (b) Capacitive voltage inverter. ’
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operation. Example: Worst case loading will occur with

maximum input supply voltage and maximum duty cycle’

for the switches.

V,max § max = B. Ae.n
f,
where V,max is the maximum voltage applied to the

transformer =310+ 5%V
2
f, is the operating frequency = 50 kHz

B is the peak working flux density of the core, at elevated
temperature = 200 mT
Ae ig the magnetic cross secitonal area of the core = 180
mm
n is the minimum required number of turns
Hence n,;, = 40.7 turns
Working at a peak flux of 200 mT, at 50 kHz, core losses
are approximately TW8. This corresponds to a rise in core
temperature above ambient of approximately 20°C.
Assuming a conversion efficiency of 70%, the input power
requirement is 286 W. The lowest input voltage, applied
across the transformer primary is (310-10%)/2V = 139 V.
This gives a primary winding current, assuming 0.9 duty
cycle, of approximately 2A3. |

Assuming a current density in the transformer winding
of 4 A/mm?, the cross-sectional area of wire used for the
primary winding should be 0.57 mm?, corresponding to a
wire of diameter 0.85 mm. Assuming a packing factor of
two (because a circular cross-section conductor is used)
the winding area consumed by the primary winding will
be 2n x 0.57 mm? = 46.7 mmZ, The available winding
area on the core, after making an allowance for isolation is
304 mmZ. The primary winding will take only 1/6 of the
available area.

The magnetising inductance of the winding is deter-
mined by:

L, = #o . 0F Ae

[\
where L, is the magnetising inductance in Henries
4, is the permeability of free space = 4 x 1077 H/m
u, is the amplitude permeability of the core = 10°
|, is the magnetic path length in the core = 105 mm

L, = 3.62 mH

The peak magnetising current is given by the equation:
vV, min = 2., 1.1,
2 6 max
So I, = V,min .8 max = 86 mA
4.L,.f,

The peak magnetising current represents 4% of the load
current, which is acceptable. :

Step 3. Establish the transformer turns ratio. Example: The
voltage required at the secondary winding of the
transformer is a function of the power supply output
voltage (5 V), the duty cycle of the switches SW1, SW2,
and the voltage dropped across the rectifiers and
resistance of the output inductor L1. Disregarding the cir-
cuit losses initially, the transformer output voltage can be
found by balancing the volt-second products for the out-
put inductor in the minimum input supply condition,
when the duty cycle is 0.9.

(Vx - Vo) = (VO + VF) (1 - 8)
where V, is the transformer output voltage.
V, is the supply output voltage
& is the duty cycle
V, is the rectifier forward drop

Vi = 5V7
To this figure must be added the circuit losses, Vi + 15.R,,

5
0.
1

<o<

where 1, is the rated output current, and R, is the series
resistance of L1 and the circuit wiring.

A minimum output voltage of 7 V can be used. The
minimum input voltage is 139 V, so the transformer turns
ratio is 20:1. Assuming a primary winding of 40 turns
(marginally below the minimum, resulting in a slightly
higher peak flux density, B, which can be tolerated in this
example), each secondary winding comprises two turns.
Step 4. Transformer winding design. The correct design of
the transformer windings will result in a reproducible and
efficient transformer design.The conductor size and place-
ment can have a significant effect on winding losses in a
high frequency design. Example: The primary winding
consists of 40 turns of 0.85 mm diameter wire, which can
be wound in two layers each comprising 20 turns. The
available winding breadth on the transformer core is ap-
proximately 20 mm after an allowance of 4 mm at either
end for isolation. The secondary consists of two windings,
each of two turns. The conductor for these windings i$ in
strip form, being 8 mm in width and 0.625 mm thick. The
windings are wound side by side on the former. Elec-
trostatic screens and isolation are wound between primary
and secondary windings. Worst case windings losses arise
at maximum loading. Primary winding loss is 3W4 max-
imum, and the secondary winding loss TW25 watts max-
imum. When added to the transformer core losses of TW8
the worst case transformer loss is 6W45 at a core
temperature of 100°C. The transformer is capable of
operating in ambient temperatures up to 35°C without ad-
ditional heatsinking. (Core data and ratings are drawn
from the manufacturers’ literature).

Inductor Design

The operating conditions of the magnetic core in the

inductor are significantly different from those of the swit-
ching mode transformer. The core must withstand a DC
magnetising field, without saturation. For this reason, an
air gap is commonly introduced into a magnetic circuit.
This can be either in the form of a single gap introduced,
say, in the centre pole of an ‘E’ core, or can be a
distributed gap throughout the core material. The
distributed gap solution presents a lower radiated
magnetic field. When a gapped core is used, the magnetic
flux is sorted mainly in the gap. There are small flux excur-
sions as the load current ramps up and down. As an exam-
ple, consider the design of an output filter inductor to be
used with the 50 kHz transformer previously designed.
The operating frequency will be 100 kHz. The maximum
output current is 40 A and the minimum output current for
continuous current flow in the inductor is 4 A,
Step 1. Calculate inductance value required, and the
energy storage capability required. Example: The
minimum voltage applied to the inductor by the
transformer secondary winding is 5V7 with a 0.9 duty cy-
cle. The current in the inductor can be allowed to rise by
8 A maximum during this time if the current flow is to re-
main continuous when the output loading is minimum, ie
4 A.

(Vo min = Vo) = Lmin, el
where V,, min is the voltage applied to the inductor = 5V7

V, is the output supply voltage = 5V
Lmin is the minimum inductance value

I, is the peak to peak inductor current =8A
fo is the operating frequency = 100 kHz
& max is the switch duty cycle =0.9

Imin = 1.6 microhenries

The energy storage capability is L.I,> where I, is the peak
current flowing in the inductor = 44 A, so L.I,2= 3.1 mj.
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FEATURE: Designer’s Notebook

Step 2. Select a suitable inductor core and determine the
air gap required (if it is not a distributed gap material). The
majority of magnetic core manufacturers provide selection
charts/guides for this purpose. Example: Philips core
EC35/17/10 with a 0.9 mm air gap will meet the energy
storage requirement (equivalent to the Mullard FX3720).
Step 3. Calculate the number of turns required and deter-
mine the inductor losses. The core data gives an effective
permeability or an A, value (inductance per turn of the
coil) for gapped cores, which enables the number of turns
to be calculated and rounded up to the nearest half turn.
The inductor losses are primarily in the winding and these
can be determined using a simirar method to that used to
calculate the transformer winding losses. Example: For the
Philips EC35/17/10 core with a minimum air gap of 0.9
mm, 4 turns are required to give an inductance of 1.6
microhenries. The winding losses can be written as
1.2.Fe.Roc Where

l« is the RMS current flowing in the inductor winding

Fq is a resistance multiplier to account for high frequency
operation

Roc is the DC resistance of the winding.

The high frequency impedance of the winding is a
minimum for a conductor of thickness 0.57 mm. Making
the winding with copper strip of thickness 0.5 mm and
width 20 mm gives a 100°C AC winding resistance of 0.58
mR. The winding loss is OW93, resulting in an inductor
tem %rature rise above ambient of 18°C when fully
loaded. ’

Drive Transformer Design

Various approaches to the design can be made,
though the choice is frequently restricted by the operating
conditions and the drive requirements of the semiconduc-
tor switch. Thyristors and power MOSFETS can be driven
by pulse transformers. The length of the trigger pulse and
the circuit impedance are designed to comprehend the
drive requirements of the worst case drive. Bipolar tran-
sistors require a continuous base current supply which
often results in a larger transformer core being needed.The
need for a wide variation in switch duty cycle often results
in the drive supplied to the switching device being com-
promised: the forward base current supplied during long
duty-cycle operation may be the bare minimum to main-
tain the transistor in saturation. At short duty-cycles the
base current supplied can be far in excess of the device re-
quirements, compromising its switching performance.This
effect is less severe when power MOSFETS are used as the
switches, since they do not exhibit storage time effects.

As an example, conside the design of drive
transformers for power MOSFETS when used as the swit-
ches in the 50 kHz switching mode power supply. A single
transformer with two -primary and two isolated secondary
windings culd be used. A disadvantage of this approach,
however, is the absence of negative gate bias to turn off
the MOSFETs at any duty cycle other than the maximum
of 0.5, which would give poor noise immunity in normal
operation. Instead, separate transformers are used and the
magnetising energy stored in the transformer core during
the conduction phase is used to assist turn-off. The
transformer design is similar to that required for a single-
ended forward converter, Fig. 3b.

Step 1. Select a suitable magnetic material and core
size. Example: The operating frequency is 50 kHz and the
average current flow in the windings will be low. A core
material with a high permeability is desirable to maintain a
low level of magnetising current. Winding area is a signifi-
cant factor in determining the core size and will depend
on the isolation voltage rating desired. For this application
consider the Philips core P1418 in 3B7 material, with an A,
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value of 2,200 nH/1000 turns and a total winding area of
9.4 mm?.

Step 2. Calculate the number of turns required for the
primary winding and the magnetising inductance and cur-
rent. Example: To avoid core saturation when operating at
maximum duty cycle, with a supply voltage of 15 V, the
minimum number of turns required in the primary win-
ding is given by: -

Via . glaf= B, Ae. Noin
f,

where V, is the supply voltage =15V
& max is the maximum duty cycle = 0.45
f, is the operating frequency = 50 kHz
B is the peak magnetic flux density in the core = 180 mT
Ae is the magnetic cross sectional area of the core = 25.1

mm? ) )

N .. is the minimum number of primary turns

Hence n,, = 30 turns

The magnetising inductance, with n, the number of turns
equal to n,, is given by:

nmin= 103'\, _Ll

where: '

Lw is the magnetising inductance in millihenries
A, is the inductance factor in nanohenries/1000 turns =

The magnetising current at maximum duty cycle is
V-0 MaX 675 mA

IS
Ly, fo
Step 3. Check that the winding area on the ferrite core is
adequate. Example: To calculate the winding area re-
quired for the primary winding, we must first estimate the
average current flow. The current required to drive the
power MOSFET IRF720, which would be used in this ap-
plication, at 50 kHz, is low compared to the magnetising
current (1.7 mA averaged over a switching cycle). So, the
average magnetising current level can be assumed. A
suitable wire gauge is 0.1 mm diameter. Because of handl-
ing difficulties, a 0.2 mm wire may be preferred. The win-
ding area consumed is approximately 20% of the total win-
ding area of the transformer. Assuming that the drive
transformer has a 1:1 turns ratio, givinga + 15V gate drive
to the power MOSFET, the winding area is adequate, after
an allowance for isolation spacing has been made.
Step 4. Calculate the minimum permitted drive pulse for
safe turn-off. Example: Because this design relies on the
transformer magnetising energy to switch off the power
MOSFET, a minimum drive pulse must be defined where
by the magnetising energy equals the worst case turn-off
energy for the MOSFET. Turn-off energy requirements for
the MOSFET = Q. . A V where Q is the maximum gate
charge figure.
AV is the gate voltage swing
Magnetising energy in the transformer
= (Viy . t,, min)?/L,,

where t,, min is the duration of the minimum drive pulse.
Equating these figures, assuming Q. = 17 nC for the
IRF720 device, gives a minimum drive pulse of t,, min =
2.15 microseconds, which represents a minimum duty cy-
cle, at 50 kHz, of 0.22.

=30V

In the June ETI we will be publishing a switching
mode power supply similar to the half bridge
design used for the examples here: the project will
look more closely at the functions of the actual con-
troller IC.
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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,
thanks to L. P.,PRICE.

Our large standard range is complemented by our SPECIAL
DESIGIg 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.
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The benelits of ILP toroidal transformers
ILP toroidal transformiers are only half the weight and height of their laminated ’
equivalents, and are available with 110V, 220V or 240V primaries coded as follows:
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TUNER BUILT AND TESTED

In the cut-throat world of
consumer electronics, one
of the questions designers
apparently ponder over

is “Will anyone notice if
we save money by chopp-
ing this out?’’ In the
domestic TV set, one of the
first casualties seems to be
the sound quality. Small speakers
and no tone controls are common
and all this is really quite sad, as the

e

e

 £22.95 +£2.00 pao.

TV companies do their best to transmit the highest quality sound. Given this background a
compact and independent TV tuner that connects direct to your Hi-Fi is a must for quality

reproduction.

This TV SOUND TUNER offers full UHF coverage with 5 pre-selected tuning controls. It can

also be used in conjunction with your video recorder.

Dimensions: 11%"'x 8%"'x 3%"

E.T.I. kit version of sboye without chassis, case and hardware. £12.95 ptus £1.60 p&p.

PRACTICAL ELECTRONICS <&tcia,

STEREO CASSETTE
RECORDER KiI

ONLY £31.00 plus £2.75 p&p.

» NOISE REDUCTION SYSTEM. » AUTO
STOP. » TAPE COUNTER.» SWITCHABLE
E.Q. =INDEPENDENT LEVEL CONTROLS.
*» TWIN V.U. METER. » WOW & FLUTTER
0.1%. » RECORD/PLAYBACK |.C. WITH
ELECTRONIC SWITCHING, « FULLY
VARIABLE RECORDING BIAS FOR
ACCURATE MATCHING OF ALL TYPES.

COMPLETE
WITH CASE

Kit includes tape transport mechanism, ready punched and back

printed quality circuit board and all electronic parts. i 2. semiconductors,

resistors, capacitors, hardware, top cover, printed scale and mains transformer.

You only supply solder & hook-up wire. Featured in April P.E. reprint 50p. Free with kit.

PERSONAL LS AMPLIFIER KIT

Amplifier for your personal
stereo cassette player — as
featured in January issue of
Everyday Electronics. Turn
your personal stereo into a
mains powered home unit.

Parts:

Stereo power amp PCB with all
components, £3.50 + 75p p&p.
Power supply unit £1.95 + £1.50
p&p. Pair of eliotical speakers,

£1.50 the pair + £1 p&p. Input & output sockets and plugs, £1.50. Recommended case (for the
power supply and amp only), £2.95 + 80p p&p. P&P inclusive price of £1.75 for any two or more.

125W HIGH POWER

AMP MODULES

The power amp kit is a module for high
power applications - disco units, guitar amplit-
iers, public address systems and even high
power domestic systems. The unit is protected
against short circuiting of the load and is safe
in an open circuit condition. A large safety
margin exists by use of generously rated com-
ponents, result, a high powered rugged unit.
The PC board is back printed, etched and
ready to drill for ease of construction and the
aluminium chassis is preformed and ready to
use, Supplied with all parts, circuit diagrams
and instructions.

ACCESSORIES: Suitable mains power supply
kit with transformer: £8.50 + £2.00 p&p.

Suitable LS coupling electrolytic. £1 + 25p p&p.

SPECIFICATIONS:

Max. output power (RMS): 125 W. Operating
voltage (DC): 50 - 80 max. Loads: 4 - 16 ohm.
Frequency response measured @ 100 watts:
25Hz - 20K Hz. Sensitivity for 100w: 400mV
@ 47K, Typical T.H.D. @ 50 watts, 4 chms:
0.1%. Dimensions: 205x90 and 190x36mm,

KIT BUILT
£10.50 £14.25
+£1.15p&p +£1.15 p&p.

BSRRECORD DECK

Manual single play record
deck with auto return [+
and cueing lever. Fitted

with stereo ceramic cart-

ridge 2 speeds with 45rpm
spindle adaptor ideally

suited for home or disco.

£12.95 +£1.75 p&p. 13"x 11" app.

SPECIAL OFFERI Replacement Stereo cass-
ette tape heads — £1.80 each. Mono: £3.50
each. Erase: £0.70 each. Add 50p p&p to order.

SPEAKER BARGAINS

2WAY 10 WATT
SPEAKER KIT

8'* bass/mid range and 3%"
tweeter. Complete with screws,
wire, crossover components
and cabinet. All wood pre-

cut — no cutting required.
Finish - chipboard covered
wood simulate. size 14%"'x
8% x 4", PAIR for ONLY

£12.50 plus £1.75 p&p.

All mail to:

21E HIGH STREET, ACTON, W3 6NG.

Note: Goods despatched to U.K. postal addresses only.
All items subject to availability. Prices correct at
30/10/82 and subject to change without notice.

Please allow 7 working days from receipt of order

for despatch. RTVC Limited reserve the right to up-
date their products without notice. All enquiries send
S.A.E. Telephone or mail orders by ACCESS weicome.

ALL CALLERS TO: 323 EDGWARE ROAD
LONDON W2. Telephone: 01-723 8432,

{5 minutes walk from Edgware Road Tube Station}
Now open 6 daysa week 9 — 6. Prices include VAT,

'
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ELECTRONIC
PIANOS
SPECIALISTS SINCE 1972

Clef Pianos adopt the most advanced
form of Touch Sensitive action which
simulates piano Key inertia using a
patented electronic technique.

7: OCTAVE
DOMESTIC MODEL
COMPONENT KIT £266

COMPLETE KIT £442
MANUFACTURED £695
Two J.Domuuc Models are available

the 88 note full size version.
AMDEK Kits Four intermixable Voice Controis may be
A g used 1o obtain a wide variation of Piano
Distortion £328 (one, including Harpsichord. I
Compressor £36 Both Soft and Sustain pedals are in-
Phaser £40 !é:ﬁ_poraled in (hcdl?jesisn andfimcrnal
& Tuning Am| ects aré provided in the form of
Metro?lomep g ':_']r:[rlr;glro. Honky Chorus, and Phase
Flanger 63§ A power amplifier integrates into ihe
Chorus £54 § Piano top which may be removeu from
St. Mixer £90 §§ the Base for easy transportaiion.
Graphic £72
Delay £130
Percussion £54 Slx OCTAVE
e “°f  DOMESTIC MODEL
by ROLAND COMPONENT KIT £234
COMPLETE KIT £398 MA

Componerit Kits include keybuard Key
switch hardware, and all clectronic
components and may be purchased in
four stages at no extra cost.

Complete Kits further contain Cabinets,
wiring harness, Pedals and in the casc of
Domestic Models both Power Amiplifier
and Speaker.

The Six Octave Stage Piano has the sume
range of Voices and Effects and is
A\x designed for use with an External
Amplifier and Speaker

SIX OCTAVE
STAGE MODEL
COMPONENT KIT £234

MANUFACTURED £580

»

COMPLETE KIT £383

MICROSYNTH

THE COMPACT MUSIC SYNTHESIZER

COMPLETE
KIT ® SWITCH ROUTING
£129.00 U THUMBWHEEL

© sTHING
ENSEMBLE

A very popular Keyboard
Synthesizer Kit for Group or
Home wuse. Four Octave
polyphonic instrument with split
Keyboard facility. Cabinet
requires control panel (not
supplied) to be fitted to side of

® 23 OCTAVES
8 2 0SCILLATORS
® 2.5UB-OCTAVES

ROTOR-CHORUS
Comprehensive two spced organ
rotor simulator plus a three phase
chorus generator.

CNMPONENT KIT £98.00

KEYBOARDS
Our Square Front Keyboards

OMPO NOTE (Fhi oare
MPONENT KIT £187.50 F) £51.
CABINET £41.40 FOUR ot ave i

Since 1972 Claf P\'Odl.l\. havc consistently produced leading desigrs in
the ﬁcld of Eleummc MUSlcnl Instruments, many of which have becn

bl 2 With musical quality of paramount
1mponance new techniijues have been evolved and the latest musically
valid technoiogy has been incorporated into projects which have been
successfully completed by constructors over a wide range of technical
capability. Back up TELEPHONE advice is available to all our
customers. All instrumenis are on show.

PRICES INCLUDE VAT, UK CARRIAGE & INSURANCE
(CARRIAGE EXTRA ON MFD PIANOS). Please send S.A.E. for our
complete lists, or use our ftelephone VISA/ACCESS Service.
Coempetitive quotations can be given for EXPORT orders — in Australia
please contact JAYCAR in Sydney. Visit our showroom.

CLEF PRODUCTS (ELECTRONICS)
LIMITED

{Dept. ETI), 44A Bramhall Lane South, Bramhall
Stockport, Cheshire SK7 1AH 061-439 3297

“THE comeurer BAND-BOX"’

COMPLETE
KIT

£320

MANFD.

(MASTER RHYTHM ALSO REQUIRED)

A rgvolution in the field of Computer Music Generation!

A musicians instrument for vocal & instri:mental soloists
. @ perf - ding

The BAND BOX provides an Electronic Backing Trio consisting of
Drums, Bass, and a Chord instrument (one of 16 Wavcform/Envelope
conibinations), with the capacity to store over 3,000 Uscr Programmablc
Chord Changes on more than 120 different Chords. Using advanced
Mictoprocessor technology, Playback of $0-100 Scores can be executed
in any Kcy and at chosen Tempo. Complete Music Pad is electronicaliy
Indexed and stored on secondary battery back-up Facimy exists for
composition ot Intro, Repcat Chorus, and Coda scctions including
Multiple Score Sequences. Sockets are provided for Volum Pedal and
Footswitch plus separate and mixed instrument Qutputs. Total size
19" x 11”7 44" incorporating Master Rhythm.

THE rrogrammare DRUM MACHINE

EIGHT TRACK
PRCGRAMMING/

INSTRUMENTS/
SEQUENCE
OPERATION.
COMPLETE KIT £79

manep. - £119

The Clef Master Rhythm is capable of storing 24 selectablbe rhythmic
drum patterns, invented, modificd, and entered by the Opcrator on to
Eight Instrumentation tracks. A three position Instrumentation control
expands the number of instruments available to twelve, grouped into
sounds typical of piaying with Drumsticks, Brushes, or Latin Amenican
Bongos and Claves.

Sequence operation allows two rhythm sections to be coupled with the
second (B) section appearing at four, cight or sixteen Bar repetition. All
drums can be adjusted for level and resonance on internal controls to suit
individual taste, thus producing good musical sounds on a battery driven
unit 84" x 57 x 24"

NEW ANALOGUE METER WITH CONTINUITY

28 RANGES, EACH WITH FULL OVERLOAD

PROTECTION

SPECIFICATION MODELS
6010 & 7030

10 amp AC/DC

Battery: Single 3V drycell. Life:
Dimensions: 170 x 89 x 38mm.
Weight: 400g inc. battery.
Mode Select: Push Button.

AC DC Current: 200UA to 10A
AC Voltage: 200mV to 750V
DC Voitage: 200mV to 1000V
Resistance: 20052 to 2MS2
Input Impedance: 10MS$2
Display: 3% Digit 13mm LCD
O/lcad Protection: All ranges

R E R

OTHER FEATURES: Auto polarity,
auto zero, battery low indicator, ABS
plastic case with tilt stand, battery and
test ieads included, optional carrying
case.

BUZZER AND BATTERY SCALE

NEW HM 102 BZ
SPECIFICATION

DC Voltage: 0-25, 1, 2.5, 10, 25, 100, 250, 1000
volts 20,000 ohms/volt.
AC Voltage: 0-10, 25, 100, 250, 1000 volts
10,000 ohms/volt.
* Decibels: -20 to +22dB
DC Current: 0-50, 50044, 0-5, 50, 500mA
Ohmmeter: 0-6 Megohms in 4 ranges.
30 ohms Centre Scale
* Power Supply: One 1.5V size ‘A’ battery lincl)
* Size & Weight: 135 x 91 x 39mm, 280gr.

HM 101 POCKET SIZE MULTIMETER
SPECIFICATION

* DC & AC Voltage: 0-10, 50, 250, 1000 volts,

2000 ohms/volts

-10 to +22dB

0-100mA

0-1 Megohm in 2 ranges,

60 ohms Centre Scale

One 1.5V size ‘A’ battery (incl)

90 x 60 x 29mm, 92gr. incl. battery
battery

£5.50

* Decibels:
* DC Current:
Ohmmeter:

* Power Supply:
* Size & Weight:

Price

Add 15% to your order for VAT. P&P is free of charge. Quantity discount for trade on application.
ARMON ELECTRONICS LTD.

Cottrell House, 53-63 Wembley Hill Road. Wembley, Middlesex HA9 8BH, England
TELEX No.923985

Telephone 01-8024321 (3 ines)
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Time was when a maximum-
minimum thermometer had
alcohol and mercury and little
magnetic things in the glass
tube. The ETI version is less
fragile, more versatile, and can
interface to control equipment.
Design by Phil Walker.

MAX/MIN I
THERMOMET

his project can monitor the
I temperature of its surroundings

while storing the maximum and
minimum temperatures reached in
digital form. While the normal
readout is by analogue meter, the
data on the maximum and
minimum temperature can be read
out as two eight-bit numbers,
possibly into a micro system or
other type of data or control system.
The unit will store its information
until the mains supply is switched
off or the reset button is activated.
Switching the readout mode will not
change the date.

Units such as this are useful for
checking the central heating,
making sure that the greenhouse is
not getting too hot or cold, weather
forecasting, or even checking the
freezer. With a few simple mods it
would be possible to convert the
unit to an under or over
temperature alarm and program it
digitally. (This is left as an exercise
for the reader — please don’t write
to us!)

The Circuit

This can be considered as
several main blocks. First we have
the clock generator which produces
a series of narrow pulses at a fairly
fow frequency. These pulses are
deliberately made narrow to avoid
the possibility of spurious clock
pulses being generated by the
comparator circuits when the
analogue output voltage from the D-
to-A converters changes. These
clock pulses are applied to gating
circuits which will allow them to go

70

on to the D-to-A converters only
when conditions are correct.

The D-to-A converters used in
this project are of a type which
contain an internal eight-bit
counter. This allows us to make an
A-to-D converter with few external
components. Moreover we can stop
and start the conversion process
whenever required.

The method used for A-to-D
conversion is to reset the counters
to all zeros at which time the
analogue output voltage will fall to
0V, and then supply clock pulses to
the counter until the analogue

output rises sufficiently to cause a
comparator to change output states
and cut off the clock pulses. The
analogue output voltage from the D-
to-A converter will now match the
voltage at the other input to the
comparator and will stay at this
level until the other input voltage
changes in such a way that the
comparator changes state again and
re-enables the clock pulses to the
counter.

The two configurations used in
this project both work in this way,
except that one D-to-A output is
used direct for the ‘MAX’ detector

COMPARATOR

______ il
DIGITAL
OUTPUT
'MAX’ PN
TEMPERATURE | ‘ACTUAL’ j
SENSOR [ ‘MIN’
METER
DRIVER
DIGITAL l l
OUTPUT s &
ore | T TN A x5 SCALE
REMOTE

DAC

CLOCK {CLK

ENABLE

INVERTER
COMPARATOR

[

Fig. 1 Block diagram of the max/min thermemeter ('cos it remembers — geddit?).
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METER+

SWI{'MAX")

SWI{'MIN’}

PBleS)

e

\SW1 WIPER

%

Fig. 2 Component overlay for both boards.

METER-

240V AC
MAINS INPUT

A

PROJECT

*R13 MAY BE A SINGLE 20k RESISTOR (SOLID),
OR ELSE TWO 10k RESISTORS {DOTTED}
OR AN 18k RESISTOR AND A PRESET (DOTTED)

SWI1('ACTUAL")

while the other is inverted, such
that it starts at maximum volts and
falls towards 0 V as the counter
increments. This is used to drive the
‘MIN’ detector circuit. The result of
the circuitry is that one D-to-A

output follows and stores the
maximum voltage while the other
follows and stores the minimum.
The other input to the
comparators mentioned above is a

voltage proportional to temperature.

PARTS LIST
Resistors (all W, 5% except where Semiconductors
stated) IC1 7805
R1, 3, 5, IC2 79105
14—16, 19 100k IC3 40938
R2 10k 1C4, 5 ZNA425E
R4, 6, 7 1k0 IC6 TLO84
R8-11 100k 1% IC7 TLO81
R12 10k 1% IC8 LM334Z
R13 20k 1% (see text) D1-5 1N4148
R18 M0 BR1 Wot (100 V, T A potted
R20 3k9 bridge rect|f|er)
R21 180R
Potentiometers Miscellaneous
PR1 2k2 miniature horizontal PB1, 2 Miniature push-to-make
preset push-button
PR2 100R miniature vertical SW1 3-way slide switch, one
cermet preset pole only used
T1 9-0-9 V 3 VA miniature
Capacitors PCB-mounting mains
C1 470u 25V electrolytic transformer
(radial or axial) FS1 500 mA, 20 mm fuse and
C2 100u 25V electrolytic PCB-mounting fuseholder
(radial or axial) M1 500 uA moving coil meter
C3-5 10u 10 V electrolytic (PCB- (60 x 47 mm).
mounting) PCBs (see Buylines); Verocase, 155 x 85
C6, 9, 10 220n polycarbonate x 80 mm; three-pin DIN plug and
c7 470p ceramic socket; cable, cable clamp, hardware
(¢} 5 100n polycarbonate etc.
ETI APRIL 1983

In the first instance this is generated
as a current by a LM334Z IC. The
current through this device is
directly proportional to absolute
temperature. This current is fed into
the summing input of an operational
amplifier together with a constant
offset current derived from the
reference voltage source of the D-
to-A converter. The resultant current
generates a voltage at the output of
the op-amp suitable for driving the
comparator inputs.

The final part of the circuit is
the readout. This is provided by a
moving coil meter driven by a pigh
impedance buffer. This can be
switched to read ‘MAX’, ‘MIN’ or
‘ACTUAL’ temperatures over the
ranges —25 to +100°C or O to
+25°C.

Construction

Construction of the PCB for this
project should cause no problems.
The main things to be careful with
are remembering to insert the four
wire links, the orientation of the
ICs, diodes, capacitors etc and BR1.
R13 can be either a single 20k 1%
resistor as shown, two 10k 1%
resistors or even an 18k 5% and a
4k7 preset. Pads are available on ’

Al
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Fig. 3 Complete circuit diagram. PB1 C ¢ C
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HOW IT WORKS

IC3a, R1 and C6 form the master clock
circuit, which generates a square wave
of around 50 Hz or so. This is differen-
tiated by C7 and R2 and the positive
spikes only are passed via D2 on to IC3b
and IC3c. Only when the other inputs to
these gates are high will the spikes be in-
verted and passed on to the D-to-A con-
verters, IC4 and IC5, as clock pulses.
IC3d, R4, R5 and C8 take the input from
PB1 and produce a suitable reset signal
for the two DACs. This can, however, be
overridden by a direct input via D1 (take
terminal low to reset), allowing remote
control by a computer, for example.

The D-to-A converters, 1C4 and IC5,
contain an internal counter which can
be used when pin 2 of the device is high.
This condition is maintained by R7. The
counter is reset by a low on pin 3 and
will respond to cﬁ)ck pulses on pin 4.
After reset the output from the device is
at 0 V: at each clock pulse the output
voltage rises by 10 mV to a maximum of
2V55 (another clock pulse at this point
will take it back to 0 V). The output from
IC4 is compared with the output from
the temperature sensor circuit by com-
parator IC6c and while it is lower, 1C6c
output will be high, so IC3b pin 5 will be
high and enable the clock signal to 1C4.
While this condition persists the output
from 1C4 will rise steadily until it equals

and exceeds the output from the sensor
circuit. Now the output from 1C6c will
go low, 1C3b input will be low and no
more clock pulses will reach IC4. The
output from IC4 will stay at the same
level until either the temperature sensor
voltage exceeds it again or the reset
function is used. The output from 1C4 is
thus a measure of the maximum
temperature reached, since it can only
increase unless reset.

The circuit around IC5 works in a
very similar way except that its output is
inverted by IC6a such that the voltage
presented to the comparator 1C6d starts
at 2V55 and falls to 0 V as the counter in
IC5 is incremented. In this case the out-
put from IC6d is high while the output
from 1C6d is higher than the output
from the temperature sensor circuit,
This means that the voltage from IC6d
will start from 2V55 at reset and fall until
it matches the output from the
temperature sensor. It will stay at that
Iever until the temperature sensor out-
put falls to a lower level or the reset is
operated. This means that the output
from IC6d is a measure of the minimum
temperature, since it can only decrease
unless reset.

The temperature sensor device is an
LM334Z. This IC is designed as a cons-
tant current device but has a linear

temperature coefficient. In effect the
current is proportional to the absolute
temperature (0°C = 273°K or Ab-
solute). In this circuit R12 supplies a
constant 255 uA from the voltage
reference terminal of IC5 to the virtual
earth (inverting) input of ICéb. The
temperature sensor IC8 is set up so that
it takes this amount of current at
-25°C: this means that the output
voltage of IC6b will be 0 V at this
temperature. As the temperature rises
the current drawn by IC8 will increase
and the outﬂut voltage from IC6b must
rise so that the extra can be sent through
R13. The voltage across R13 will ﬁe
directly proportional to the temperature
rise. Setting of the sensor current is ac-
comg.lished by PR2 and R21.

The normal method of indication for
this project is by means of a moving coil
meter, with SW1 selecting the display of
the maximum, minimum or actual
temperature. 1C7 is normally used as a
high impedence buffer but by means of
PB2 its gain can be increased to x5 for
greater ease of reading in the range of 0
to 25°C. The sensitivity of the meter is
set by PR1.

The power supplies for this project
are quite simple Eut a mains-derived
type was felt to be desirable as the drain
on the +5 V rail is in the region of 70
mA.

the PCB for all these options.

C1 and C2 may be vertical or

horizontally mounted as desired,
although we had to make C2 an
axial type so as not to foul any of

72

the components mounted on the

front panel of our tight-fit case. Take
care to ensure that the mains input
to the board cannot touch the rear

panel (use insulating tape if

necessary). Use a cable clamp to
secure the wire. Wiring to the front
panel components is
straightforward: the sensor PCB is
connected to the main board via a
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PROJECT: Thermometer

1§
C
4
MAX"
3
L
[ ( "ACTUAL" sw1
Q
MIN
>
L
R13 [
20k
ik PB2 x5
O~
2
M 1
R12 R15
R11 1C6b R14 R16< R17< RIS
l1’°"‘( g,m[ 1+ 100k < 100k < 100k< 33k < 1MO
1%
R ¢ 4 7
7
R21 [2
180
7] 18
PR2
100R 3

OPERATION OF
REFERENCE

OPERATION OF
—— VOLTAGE INVERTER

v R1 R2
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R4 OV BY OP-AMP
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O -0 O
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Vmin '(n3+ R4)(‘ v ‘I)VREF - Rr1Vout Tl R1  R2

R1=R2=R3 = R4 = 100k Vy=15.R2 — VREF%
Vy =0 AT -25°C

So by.R2= Vgee %

So Iy = VRep/R1 at —25°C
V7 = 2V55 at 100°C

100 100 100
So Vmin = m*(‘ ’WO')VREF = 100 VouT o
- Zx2x Vagf ~ Vour
= VRrer — Vout
So as VOUTgocsfromOVm 2V55, Vi will go from

2V55t0 0 V. Vg =0V51 at 0°C

@
&
s Fer

A close-up of the sensor probe; we used a cermet preset for stability.
ETI APRIL 1983
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length of cable and a three-pin DIN
connected on the front panel. The
length of the wire is not critical so
long as its insulation is good;
however, care must be taken to
keep the polarity correct.

For those people using the same
meter as us (see Buylines), we’ve
reproduced the artwork we drew
for our prototype meter scale at the
back of the magazine with the foil
patterns (page XX). If you wish you
can cut it out (get Mummy to help
you with this) and use it to replace
the existing scale.

Setting Up

The Meter Circuit. Zero the
meter mechanically with the power
off. Connect the input of IC7 {pin 3)
to point ‘A’ (marked on the overla
diagram at the junction of R10 an
R12) instead of to the wiper of SW1,
apply the power and set the meter
to full scale deflection using PR1.
Remove the power and restore the
connection from IC7 input to SW1
wiper.

The Sensor Circuit. Ensure that
the total value of R13 is twice that
of R12. If desired, R13 can be two
10k 1% resistors in series, or an 18k
5% resistor and a 4k7 trimmer if a
20k 1% device is not available. Pads
have been provided on the PCB for
one or two resistors or a resistor
and a preset — the alternative
positions are shown dotted on the
overlay. The theoretical value for
R13 is actually 2.016 x R12 but this
sort of value is not easily available.

Connect the sensor, switch on
the power and with the sensor
immersed in a melting ice and
water mixture, adjust PR2 until a
reading of 0°C is obtained (one-fifth
of full scale deflection). The unit
should now be ready for use:
coverage will be —25°C to +100°C
in increments of 0.5°C
approximately (256 steps) for the
maximum and minimum functions,
while the actual temperature is
continuous.

BUYLINES

Alll the tricky bits for this project can be
obtained from Rapid Electronics Ltd,
Unit 1, Hill Farm Industrial Estate, Box-
ted, Colchester, Essex C04 5RD. They
stock the 1% resistors, the meter, the
Verocase, the PCB-mounting
transformer and the ZN425E. Everything
else we’ve used is either readily available
or not too criticial. Our PCB Service
order form is on page 87 if you aren’t
able to etch your own board.
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PROJECT: Thermometer

GROUND [1] bt [16] VRer OUTPUT
LOGIC SELECT [2] [15] VReF INPUT

RESET [ﬂ [1a] ANALOGUE QUTEUT
CLOCK [4] [13] BIT 1 (MSB)

BIT8 5] 2] RIT 2

BIT7 E‘, r[ﬂ BIT3

BIT6 E [ig] BIT 4

f

Vee JE BITS
S

Fig. 4 (Above) The pin-out for the
ZN425E digital-to-analogue converter.

(Right) Inside the box, you can see
how cramped things are, and
inexperienced constructors may wish
to use a bigger box than the one we
specify in Buylines. This is especially
the case if you intend to fit some kind
of interface socket for a digital readout
of the data, to a control unit, for
example. We didn’t bother on the

prototype. E Tl

For the first time in ten
years, Videotone is to make
available directly to the
hobbyist, a selection from
its vast amount of
experimental and prototype
stock.

We have large quantities
of first-class components,
semi-finished and finished
goods, including those
listed below:-

Telephone or write with stamped, addressed envelope for full list
of sale items. Technical enquiries on a personal basis only.

20 Watt Amplifiers . ... £29.95 Cassette Mechanisms .. £3.99
50 Watt Amplifiers ... . £34.95 Complete Record Players ... £24.95
40 Watt Loudspeakers ... £29.95 Fluorescent Clock Displays ... £3.95

25W Encyclopaedia Various speaker cabinets, speaker
loudspeakers ... £26.00 componentsand Hi-Fi components from

Stereo Headphones (from) ......... £6.50 £1.00. Audio cassette tapes from 45p.

Coral 120W Loudspeakers ... £299.95 Reductions on all stock items.
Car Door speakers 20W ... £10.95 VIDEOTONE
Speaker Drive Units

(from) (5W - 100W) ... £2 =100

VIDEOTONE LTD, 98 CROFTON PARK ROAD,
CROFTON PARK, LONDON SE4
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MONITORS SPEAKER BUILDERS!

The 128/20 by IMF ELECTRONICS is the advanced
bass driver used in that company’s ruthlessly accurate
professional and domestic monitors. A massively

HIGH RESOLUTION ~ AND constructed styrene and fibreglass coned woofer, the

128/20 enables outstanding bass performance (free air

Low COST ! resonance is typically only 20Hz) and is now available to

the home constructor from sole distributor Badger.
128/20 is only one of a series of new IMF Efectronics

Elth r Cased or open frames to drivers featured, with data, enclosure suggestions and
e’ p i i ( 204011
'H A A A even active conversions {our active system was
ohEM S The speCI{)IC?tlon IS "ght’ the main project in ETI September 1982) in our 1983
the price is even be ter. catalogue. Please send 4 x 15}p (overseas 3 dollars).
Phone or write to our Sales Stockists of CRIMSON ELEKTRIK components and kits
Manager, Richard Cox, for BADGER SOUND SERVICES LTD
immediate action. 46 WOOD STREET, A
LYTHAM ST. ANNES
CROFTON ELECTRONICS LTD ’
35, Grosvenor Road, Twickenham, Middx, TW1 4AD. LANCS. FY84QG
Telephone: 01-891 1923/1513 Telex: 295093 CROFTN G Telephone: 0253 729247

(closed Mondays)

New Products

HIFI STEREO AMPLIFIER KITS

#rom one of Britain's leading esoteric amplifier manufacturers comes an exciting new package of stereo amplifier kits, designed to offer all the advantages of true high fidelity but without the
ysual price penalty.
These new kits offer the choice of moving magnet or moving coil inputs, 40 to 100 watts per channel, in fact, everything that made the previous models so popular is included but with added
style, easier construction and a full two year warranty.
The new range consists of The CK 1010 Stereo Pre Amplifier, The CK 1040 WPC Power Amplifier, The CK 1100 WPC Power Amplifier.
CK 1010
This kit contains all the necessary parts to build a complete pre-amp. The main PCB is ready assembled and tested therefore construction is simply a matter of point to point wiring and
mechanical assembly of the connections and controls to the pre punched chassis. .
The CK 1010 takes its DC supply from the CK 1040, 1100 or, if using a different power amplifier a PSK power supply kit. Inputs for disc, tuner and tape are provided and an optional add-on
moving coil input can be fitted to extend its versatility. (MC2K)
€K 1040
This is a nominal 40 watt per channel power amplifier kit which features our dual power supply and the DC output for the CK 1010. All components such as heatsinks, wire and connectors are
included and protection is provided from short circuit outputs.
CK 1100
Similar to the CK 1040 this model provides 3 nominal 100 watts per channel with extra heatsinking and thermal cutouts are provided as standard.
When correctly assembled these kits are guaranteed for two years. . o
"“1t would seem then that Crimson have maintained their position at the top of the commercisl kit-buiid field. There is no oriental amplifier | know of that can better the sqund of rl'(/s comblnat;’on
overall at any price and only a few — such as the KA-1000 (£500+ ) — are of comparable standard. . . . | can say no more than that for £250 it (CK 1010/ MC2K/ 1100} is 8 bargain and one that
becomes the reference point for kit amplifiers from now on.’”
PRICES CK 1010 — RRP £92.00; CK 1040 — RRP £121.00; CK 1100 — RRP £151.00; MC2K — RRP £25.00; PSK — RRP £20.00
Barclaycard or Access accepted, otherwise send C.W.0. C.0.D. £1.00 extra. All prices include P&P to anywhere in the U.K. Export: Write for pro-forma

SEND FOR FULL DETAILS ON OUR HIFI KIT PRODUCTS BY WRITING TO FREEPOST ADDRESS BELOW
PHOENIX WORK

[ crimsontiektrik Gtoke) s

LONDON DISTRIBUTOR: BRADLEY MARSHALL LTD, 325 EDGWARE ROAD, LONDON W21 BN TEL: 0782 330520
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Part type 10ff 25-99 100 up
4116 200ns 090 0.8 0.78
4116 250ns 0.70 0.63 0.60
4816 100ns For BBC comp 2.25 2.01 1.95
4164 200ns 399 3.56 3.42
2114 200ns Low power 1.15 1.00 0.90
2114 450ns Low power 0.95 0.85 0.80
4118 250ns 3.35 3.00 2.85
6116 150ns CMOS 3.55 3.20 2.95
2708 450ns 235 2.10 2.02
2716 450ns 5 voit 2.60 225 2.10
2716 450ns three rail 575  5.00 4.65
2732 450ns Intel type 3.50 3.1 3.00
2532 450ns Texas type 3.70 3.30 3.00

Z80A-CPU £3.95 Z80A-Pi02.99 Z80A-CTCf£2.99
7002 A-D £4.60
7805 reg 0.50

6522 PIA 3.70

88LS120 £2.20
Low profile IC sockets:
Pins 8 14 16 18
'Pence9 10 11 14

HAPPY MEMORIES

36912.75
7812 reg 0.50

20 22 24 .28 40
15 18 19 25 33

Soft-sectored floppy discs per 10 in plastic library
case: 5 inch SSSD £17.00; 5 inch SSDD £19.25; 5
inch DSDD £21.00; 5 inch DSQD £26.35; 8 inch
SSSD £19.25; 8 inch SSDD £23.65; 8 inch DSDD

£25.50

74LS series TTL, large stocks at low prices with
DIY discounts starting at a mix oﬂust 25 pieces.

Write or phone for list.

Please add B0p post & packing to orders under £15 and VAT to total. Access &
Barclaycard welcome. 24 hour service on {054 422) 618. Government & Educa-
tional orders welcome, £15 m|n|mum Trade accounts operated, phone or write

HAPPY MEMORIES (ETH)

ladestry, Kinston, Herefordshire HA 3NY] Teg (054 422) 018 or 628

MXECF — Dip/Dipless Electronic Crossfade .

A range of electronic modular dimmers designed to
suit your custom channel and facility requirement
@ Considerable saving over commercial equipment
® Al the commercial facilities and more
| @ Compatable special effects

® Preset/remote/master
3 ® Easily installed and wired

SPC — Simpie but effective 1000W cntroller £15.70
SPU — Used in conjunction with RS units for £11.90

Remote desks in 1000 and 2000W VErSIONS..........cccivrivrriiiciitiricciennead £23.90 (2K)
MC — Master dimmer for SPC/RS units £7.90
RS — Remote controller for SPU/SPC Units..... == £9.40
SUP/REF — Suppiy/signals for up 1050 modules..............cccc.ococurnnncen. £20.00

Discounts on above only {order £100 to £199 25% £200 to £299 £300 + 35%
EFFECTS ACCESSORIES

MXSL — Four channel sound to light

MXLS — Four Channel Sequencer

MXLC-S Four Channel sound chaser .

3 CHANNEL SOUND/LIGHT " STEREODISCO ........., o
CHASER £35.70 MIXER/PREAMP FrLoveey £1.00
LB31000SLC LBPA3 :

g

Magnetic or caramic deck
versions — please state
All the requirements of a stereo disco preamp
on one board. left and right deck mixers/tone
controls/misc. mixer/tones/mic. suto fade
over decks/and P.F.L. The unit can be used with
- \ virtally any power amp

A hngh performance sound to hght providing bass,
mid and treble separation, employing active
fillers. Automatic switching to chase in the
absence of a music signal 1000W/chan

3 CHANNEL SOUND/LIGHT

AND MORE!
LB31000SL

* 4 CHAN SiL AUTO CHASER

* 4 CHAN MULT] SOUND CHASER
* 4 CHAN SEDUENCER

* 4 CHAN SOUND CHASER

§  %* FASCIA PANELS

£22.70

Allthe advantages
of the SLC without chase.
Controls: bass/mid/treble/master sensitivity.

Active Crossovers £17.90 (supply £7.20)
(3-way 300Hz/3kHz}

Don't hesitate to write or phone for immediate information. Alt prices include VAT. Please include 76p
post except power dimmer {£2.75). Cheques/PO/COD/Access all welcome.

Tel: 01-840 6053 (Mon to Fri 9 to 4.30}
L & B ELECTRONIC 34 Oakwood Ave, Mitcham, Surrey CR2 1AQ

L

E.T.I

KITS

Full kits include printed circuit boards,
components, hardware, 1.C. sockets,
cases etc. uniess stated (not batteries). If
you do not have the issue of E.T.l. which

ALL KITS
INCLUDE PCBs

includes the project — you will need to
order the instruction reprint at an extra
45p each. PCBs included. Reprints
available separately 45p each+p&p 45p.

ZX ADC Jan 83 . --£34.
SPECTRACOLUMN Dec 82 Lesu caae und lights.
£34.86

PLAYMATE Augu/Sept B2, less optional foot
pedal + mains unit £39,

DUAL LOGIC PROBE Sept 82
AUTO VOLUME CONTROL Sept 82
INSULATION TESTER May 82

AUTORANGING CAPA

98 WATCHDOG SECURITY ALARM Aug 81 _£47 66

a3

RECHARGEABLE BATTERY extra
HANDCLAP SYNTHESISER Aug 8
WAH PHASE June 81. Less pedal
LED JEWELLERV June81 Cross...
Star £9.91 Spiral £7

GUITAR NOTE EXPANDER Aprit 81
DRUM MACHINE April 81 ..............
ENGINEERS STETHOSCOPE Mar 81 ..
SOUND PRESSURE LEVEL METER Feb 81

HIGM OUALITY PMONO

Less case

MOVING COIL STAGE ..
MOVING MAGNET STA:
PEST CONTROL Feb 82:.
GUITAR TUNER Jan 82.
COMPONENT TESTER Dec 81
CAR ALARM Nov 81
ENLARGER TIMER ...
SOUND BENDER Oct

MORE KITS — SIMILAR STYLE TO ET)

Instructions included {separately 45p each)
Please quote ref. no. when ordering

Q1 SEAT BELT REMINDER
Q2 ZX TAPE CONTROL
Q3 3CHANNEL SOUND TO £21.

Q4 WEIRD SOUND EFFECTS GENERATOR

Q5 IN SITU TRANSISTOI
Q8 ELECTRONIC DiCE...
Q7 DIGITAL CAPACITANCE METER .
Q8 CABLE TRACKER..
Q% SIGNAL TRACER
Q10 CONTINUITY CHE
Q11 FUZZBOX ...

INFRA RED ALARM Feb 81 .
4 INPUT MIXER Dec 80 ..........

CAPACITANCE METER A
CMOS LOGIC TESTER-Aug
CLICK ELIMINATOR April 79 £67.

Q12 METRONOME ...
Q13 ZX INTERFACE BOAR
Q14 DRUM SYNTHESIZER
| Q15 TELEPHONE BELL REPEATER ..
Q18 ECHO REVERB ...

CASEextra ...
Q17 MEMORY BANK —|
Q18 MASTHEAD AMPLIFIER
Q19 GUlTAR PRE AMP
CASE extr:
Q20 ULTRASOUND BUI

——

MAGENTA ELECTRONICS LTD

EB26, 136 HUNTER ST., BURTON-ON-TRENT, STAFFS
DE14 2ST 0283 65435, MON-FRI 8-5. MAIL ORDER ONLY

ADD 45p P&P

TO ALL ORDERS

ACCESS snd BARCLAYCARD {VISA|
ORDERS ACCEPTED BY PHONE OR POST.
SAE ALL ENQUIRIES

Prices inc. VAT

OFFICIAL ORDERS WELCOME OVERSEAS

Payment must be in sterding. IRISH REPUBLIC

and BFPO — UK PRICES. EUROPE — UK

PRICES + 10%. ELSEWHERE — Write for Quote
&

C.M.0.S. » SCRS
W Rocar Electronics |5 ol
D
4002 133 53 Edgeworth, Heron Garden, Yate, Avon'¢i26p &
40
4007 12p MAIL ORDER ONLY P
gggg ;g; CHEAPEST COMPONENTS PRICES! | 7iczo60 50p
4010 22p Please add 50p P&P and 15% VAT L
:8} 2 :gg 4027 18p 4048 14081  12p TIC2360 90p
3 15 w28 3sp  40s9  2op 4082 12p TIC246D £1.50
14 40, 4029 40p 4050 20p
:815 35: 4030 14p 4051 40p Voltage Regulators
5 ¥ .03  s0p 4052  4sp | 7805 SViamp 70220 30p
4016 18p 7812 12V1amp T0220 30p
4017 30p 4037 £1.00 4060 40p | oo hy 70220
4018 40n 4080  Fp 4066 Gl *0p
4019 22p 4041 35p 4068 12p 1LC. _Sockcu . .
2020 40p 4042 35p 4069 12p 8 pin — 6p 18 pin — 10p 24 pin —
4021 35p 4043 40p 4070 12p 15p
4022 38p 4044 40p 4071 12p 14 pin — 7p 20 pin — 12p 28 pin
4045 85 4072 12
4023 12p P 07 i
482; 33" 3832 3425 307?; 1%: 18 pin — 7p 40 pin — 20p
4
: g 12p 4076 40p :.:;Ds 3mm bmm
All devices full spec 38;;3’ gp Yellow :g :z
Brand new and guarantesd P Green 8 8

FREE CATALOGUE!

OUR GREAT NEW ILLUSTRATED CATALOGUE IS’

PACKED WITH INFORMATION ON SUPERB
QUALITY, PROFESSIONAL BURGLAR ALARM
EQUIPMENT W

N AT UNBEATABLE PRICES!
SEND SAE. OR PHONE NOW & o (3L

DEPT. HE3
) . O TOURCOPY weX 217 WARBRECK MOOR
) THIEFCHECKBURGLAR ' wa

DISTRIBUTOR L9 0HUI051 523 8440

AINTREE LIVERPOOL
ALARM D-1Y SYSTEM
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MARCO TRADING

Primary Secondary Current 1+ 10+ 100+

240V 45045V 400m/a 50p A4Bp
240V 6-0-6 100m/a B8p B82p 43p
l 240V 6-0-6 S00m/a ©68p 60p 48p

Manufacturers note: We can supply OFF THE SHELF
1000+ quantities of the above transformers.

These high quality British made European Adaptors are
ADARTORS idesl for driving radio’s, cassette recorders, TV games,

calculators etc etc.
These adaptors fit the UK shaver socket.
1+ 10+ 100+
EO8 45vDC  200m/a B50p A4Sp 32p
e EM3 6V DC 200m/a £1.00 B8

P
EO9 6v DC 400m/a £1.50 £1.28 88p
UK POWER SUPPLY/CHARGER. input 240V. Output 9V
200m/A. Fully Regulated and Stabilised. Complete with
Reversible 4 Way Plug.
Price £2.95 + 75p p&p + VAT

MULTIMETER SPECIAL

Russian type U4324 20,000 O.P.V.

DC Voltag%: 06, 1.2, 3, 12, 30, 60, 120, 600,
1200.

AC Voltage: 3, 6, 15, 60, 150, 300, 600, 900.
DC Intensity M/A: 0.06, 0.6, 6, 60, 600, 3000
AC Intensity M/A: 0.3, 3, 30, 300, 3000.

DC Resistance: 0.2, 5, 50, 500, 5000K.

ge level dB: 10 to + 12.

Special Price £15.00 inc p/p and VAT
Brand new 3 channel chart recorders from £68 including charts etc.
Send 35p Now for our latest Catalogue. Fantastic Value it includes capacitors,

diodes, resistors, transistors, LEDs, boxes, cable, prepaid envelopes and much,
much more.

Please add 35p postage and packing and 15% VAT to ali orders.
Send orders to:

MARCO TRADING (Dept ET3)
The Maltings, High Street,
Wem, Shropshire SY4 5EN
Telephone: WEM (0939) 32763
Every order receives our latest special offer lists. Or send SAE.
Alf orders despatched by return of mail.

SPECTRUM

24 LINE INPUT/OUTPUT PORT ..o
(motherboard not required)

MOTHERBOARD — SIX SLOTS.......
MOTHERBOARD PCB ONLY...........
SPECTRUM 28 WAY CONNECTOR..
MALE CONNECTOR........ocoooii
34 WAY RIBBON CABLE permetre.............c.cocoovenne.

ZX81

40 KEY KEYBOARD........coooiiiiiiiiiiii e £20.00
SPARE KEYS each...........coiiiie £0.25
MOTHERBOARD -2 SLOTS. ..o £15.00
24 LINE INPUT/OUTPUT PORT ..o £18.95
16K RAM PACK ... £25.00
MUSIC BOARD ..o £18.95
23 WAY FEMALE CONNECTOR............cooiicc £2.50
MALE CONNECTOR. ... £1.60

24 WAY RIBBON CABLE per metre...
GETTING ACQUAINTED WITH YOUR

ZXBT £4.95
PROGRAMMING FOR REAL
APPLICATIONS ... £6.95

REAL APPLICATIONS TAPE......
MASTERING MACHINE CODE
Prices are for built items. Postage 40p under £4.00. Export
postage (surface) £1.80. Access accepted. Send sae for full

" REDDITCH
ELECTRONICS

21 FERNEY HILL AVENUE, REDDITCH
WORCS B97 4RU

When you need to update yourself with all
that is available in the “Do-it-yourself”
market, then you need the Hobby Herald.

Packed with product information essential
to the electronics enthusiast, this new
electronics catalogue lists over 60 exciting
products ranging from All Purpose Cutters
to Verobloc, the solderless breadboard. All
products are available throughout the U.K.
from over 200 stockists.

HOBBY
HERALD

Alternatively ordering
products through the
Herald is simplicity
itself, and you can pay
by either cheque,
Barclaycard or
Access.

So make

sure you

get your copy

o_f Hobby Herald by
ringing

(04215) 62829.

BICC-Vero Electronics Ltd.,
Industrial Estate,

Chandlers Ford, Hampshire,
SO5 3ZR.

I
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CONFIGURATIONS

Power corrupts, and absolute power corrupts absolutely. At
least, it can burn out the odd diode or two. This month lan
Sinclair examines the area of power supplies and some of the

facts you aren’t often told.

of electronic circuits to design, and yet there is pro-

bably more cut-and-try used in the power supply sec-
tion of a circuit than in all the rest of the circuitry that you
construct. The reason seems to be a lack of coherent ex-
planations of the action of the reservoir capacitor — only
too often you are simply told that it “‘provides an earth
route for AC ripple’’, and no more. We have to start this
month, then, by putting that sort of misconception to
rights.

P ower packs, you might think, are among the simpler

NN

MM e Y
~ 3 i

Fig. 1 Simple half-wave rectifier circuit with no reservoir
capacitor. The waveform is unidirectional, but certainly not
what we would call DC.
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Fig. 3 This shows why the peak reverse voltage on the diode
is doubled when a reservoir capacitor is used.

Bring On The Reserves

Now when a reservoir capacitor is connected to the
circuit (Fig. 2), things change considerably. To start with,
ima%ine that the load resistance is very high, so that only a
small amount of current is being taken. Instead of the rec-
tifier conducting for the whole positive cycle of the AC
wave, it now conducts only for a tiny fraction of the time
of the wave, right at the peak. The reason is that the first

Consider for the sake of simplicity, a half-wave rec-
tifier circuit and a load (Fig. 1). The waveform across the
load will consist of about half of the input waveform, the
positive half in this example because of the way we have
chosen to connect the diode — reverse the diode and you
will select the negative half of the wave. This type of out-
put is called a unidirectional wave — the peaks are in one
direction (positive) only, with no negative peaks — but it
isn’t exactly anyone’s idea of DC. A DC voltmeter con-
nected to the load of this circuit reads what DC voltmeters
always read, the average voltage, which is around Eo/;
approximately 0.32 E,, assuming that the diode is ‘perfect’
in the sense of having no forward voltage drop across it.
We can allow for the forward drop, which can’t be
neglected if the output voltage is low, by subtracting its
value from E,, the peak AC input. This is only an approx-
imation, but it is good enough for practical purposes.

®

Q. 9 o
= Bk

CHARGE

CHARGE

DISCHARGE

Fig. 2 A half-wave circuit with a reservoir capacitor added.
The capacitor charges to the peak voltage of the input wave,
and the charged capacitor supplies the load while the diode
is reverse-biased.
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Fig. 4 The waveform of ripple, caused by the time constant
of the reservoir capacitor and load resistance.

half-cycle, when the supply is switched on, will charge the
reservoir capacitor to the peak positive value of the AC
wave, less the forward diode drop, and when the AC input
at the anode of the diode drops below this value, the
diode will cut off. From this moment until the next positive
peak of the wave comes along, all the current that is sup-
plied to the load is supplied from the reservoir capacitor,
which is why it's callecra reservoir! Far from just being a
bypass for AC, the reservoir is the main store and supplier
of DC to the load.

All the current that dribbles out from the capacitor
results in the voltage across the capacitor dropping as its
charge is drained, so that the diode has to supply this
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charge again next time it conducts. You don’t get
something for nothing — the diode passes large currents
for short time intervals instead of conducting steadily over
a half-cycle as it did when no reservoir was used. The
overall result is that the diode has to be able to pass peak
currents that are many times greater than the average cur-
rent, it spends most of its time cut off, the maximum
reverse voltage across the diode is twice the AC peak
voltage (see Fig. 3), and there is a ‘ripple’ on the output
wave which is caused by the drop in voltage as the reser-
voir capacitory discharges (Fig. 4). The waveform of this
ripple is a sawtooth, rich in harmonics, not simply a piece
of left-over sine wave as some explanations would hint at,
so that it is a potent source of hum interference in the rest
of the circuit.

The approximate amplitude (peak to peak) of the rip-
ple is given by It/C, where | is the average current drawn
by the load, C is the size of reservoir capacitor, and t is the
time between positive wavepeaks. Using units of
milliamps for |, microfarads for C and milliseconds for t,
we get units of volts for the amplitude of ripple. For exam-
ple, if you draw 100 mA from a 1000uF capacitor with a
half-wave rectifier for which t is about 20 mS, then the

D1
+VE

D2 D4
-VE

Fig. 5 A summary of the conditions for common power
supply configurations.

ripple amplitude is (100 x 20)/1000, or 2 V, which isn’t ex-
actly negligible. Using a fullwave rectifier, which
recharges the capacitor at 10 mS intervals, you geta 1V
ripple. 1his formula isn‘t toolproot — it applies only when
you have the situation in hand, and will give silly answers
if the reservoir capacitor is much too small or if the
amplitude of the AC input is very small, but it's a good
guide to realistic values for power supplies generally.
The voltage output of the circuit with no load current
is equal to the AC peak voltage, but as the load current in-
creases, the ripple also increases and the average DC out-
put drops until it can become almost as low as the value
you would get with no reservoir, 0.32 E, for half-wave,
and twice as much as for full-wave (bridge or split-
secondary type of circuit). Figure 5 summarises the
operating conditions for different rectifier configurations.
Ripple, and the drop of output voltage when output load

POWER
TRANSISTOR
N,

a1
1k0

INW rouT

201

Fig. 6 An elementary stabiliser — the power transistor in this
example would be a medium-power type with a high value
of h,
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current is taken, can be minimised by increasing the size
of the reservoir capacitor. Obviously, it is also an advan-
tage to have a short time between recharging the reser-
voir, so that high-frequency supplies need less in the way
of reservoir capacitance — one of the many reasons for the
popularity of switch-mode power supplies these days.

A Stable Situation

Another defensive measure is stabilisation. Stabilisa-
tion does not mean that some circuit is used which will
miraculously bump up the voltage output from the reser-
voir capacitor, it simply means making the best of what
you have. Suppose you have a nominal 8 V supply, and
that at the full planned output current of 150 mA it can
have a 2 V peak-to-peak ripple. This value implies that the
voltage will drop momentarily as low as 6 V twice on each
AC cycle, assuming that full-wave rectification is used, so
that if we use only 5 V of this supply, these changes caused
by ripple will not affect the 5 V output at all. This is the ac-
tion of a stabiliser — it's a circuit which is a voltage-
dropper, but arranged so that the drop is variable, keeping
the output voltage constant while the input voltage varies.

A stabiliser has to operate so as to fulfil two re-
quirements. First it must keep its output voltage constant
as the input voltage varies, and second, it must keep the
output voltage constant as the load current varies. The two
may sound identical at first glance, but they are not — the
first calls for the output to be constant while the voltage
across the stabiliser is varying, the second calls for the
combination of the stabiliser and the rest of the power
pack to have almost zero internal resistance.

Figure 6 shows a very basic form of stabiliser. The
voltage at the output is set by the value of the zener diode,
and because of the voltage across the base-emitter of a
transistor, the output voltage will be around 0V6 less than
the zener diode voltage. This should ensure that the
voltage of the output is stabilised against changes at the in-
put resistances of the order of a few milliohms can be ob-

o]

r O ., A
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FouT
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Fig. 7 A block diagram of the comparator type of power
supply stabiliser. This type is rarely built nowadays because
of the ready availability of IC equivalents.

tained using circuits of this type.

crease to some extent as the load current increases.
Nevertheless the stabilisation is better than it would be in
the absence of the circuit (something wrong if it were
not!), and can be improved by amplifying the signal to the
base of the regulator transistor — a variation on the circuit
is shown in Fig. 7. The output voltage is compared with the
zener voltage, and the output of the comparator is used to
control the base of the regulator transistor. Very low out-
put resistances of the order of a few milliohms can be ob-
tained using circuits of this type.

I've drawn the circuit as a block diagram because it
isn’t very often nowadays that we have to build stabilisers
with separate components. The reason, of course, is the
ready availability of IC regulators, particularly the 78
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series. These take advantage of being ICs (so that circuit
complications are not a problem for production, only for
design) to incorporate features such as current foldback,
meaning that the current will be regulated if there is any
risk of over-dissipation. This ought to prevent overload
and give these regulators a very long life — 1 say ought,
because in my experience these regulators quite frequent-
ly fail, and | suspect that the fold-back arrangements are
not always completely effective.

The 78 series covers most of the ‘popular’ supply
voltages, but if we should want an odd value then a
modification to the circuitry, as shown in Fig. 8, can do the

ic
r0_-[—' REGULATOR l 0
c1 c2
wn-L Twn
R1
680R
N < L ouT
RV1
Twon
\ O 2 QO

Fig. 8 Varying the output voltage of an IC stabiliser. A
variable resistor is illustrated, but a fixed value resistor could
be used once the correct value has been established.

needful, at the expense of a slight loss in stabilisation.
Similarly, if we want a lot more current from the output
than the normal 78 series can supply, then we can use the
IC to control an external transistor, as shown in Fig. 9. Cir-
cuits like these can cope with about 99 per cent of our
needs.

Switching The Subject

Having mentioned switch mode power supplies,
however, | feel | should explain further because, uniess
you follow the development of TV circuitry, you may not
have come across details of them (though a switch mode
supply was used in the venerable Apple 2 computer, and a
switch mode supply is now used in the BBC computer
atter early users complained that the old version burned
the varnish off their tables). Basically the principle is to

R1 Q2
0R33 BD436
O AAAA @
R2
100R
LR al
BFX64
—AAAA ; I ; o
R3 TBA435
15R
¢ 2 CON ut
10n 10n T.lou
e, - -0

Fig. 9 Increasing the current-handling capability of an IC
stabiliser. The stabiliser handles the rated current, and any
amount beyond this value is handled by the auxiliary
transistor circuit, preserving voltage stability.
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dispense with a mains transformer, and rectify the mains
voltage so as to produce a high voltage DC. By dispensing
with the resistance of a mains transformer, and by using a
reservoir capacitor of surprisingly modest capacitance (but
rated for 500 V!), this supply voltage can be quite stable. It
is then applied to a switching circuit which charges a
capacitor several thousand times per second and
discharges it just as frequently into the primary of a
transformer which, because it operates with high-
frequency signals, can be small and well-insulated. The
outputs of this transformer are rectified, and need only
small reservoir capacitances because of the high frequen-
cy that is used. There is no need for a stabiliser of the old-
fashioned wasteful type either, because the output voltage
can be sampled by a comparator, and the output of the
comparator used to alter the switching times. The idea is
that if the output voltage drops, the switch can spend
more time passing current into the primary of the
transformer; if the output voltage is too high, the switching
circuits cut off earlier. There is no waste involved — what
is not used is held in the reservoir capacitor ready for the
next switching operation.

L SWITCH TRANSFORMER
CIRCUIT

TO BRIDGE RECTIFIERS

240v
AC E TO BRIDGE RECTIFIERS

g

CONTROLLER

+

N O— : >

glle

m
EARTH

Fig. 10 An outline of a switched mode power supply. No
values are shown, because the transformer is a critical
component and the other circuitry can be obtained in IC
form.

The main advantage is that the supply runs
astonishingly cool, with no huge heatsinks needed for the
regulator. The advantages for TVs and computers are ob-
vious — | remember one computer which left scorch
marks and which could have served as a sandwich toaster.
Another advantage is that no AC voltage adjuster is need-
ed — whatever the mains voltage happens to be will be
compensated for by the switching process, and there are
ICs which will take care of the whole operation. For a more
detailed description of the operation of switched mode
power supplies, see Designer’s Notebook on page 63.

. One point of caution concerns servicing. If you are
working on a switch mode power supply, remember that
it uses high voltages, and that part of the circuit is always
live to the mains when it is operating. On many TV
receivers, in accordance with the belief that a designer
worth his salt will make the inside of a TV as dangerous as
possible in order to kill off amateur mechanics, the whole
chassis is live or at least not isolated from the mains. The
growing trend to make TVs in monitor form so that they
can be connected directly to video recorders instead of by
the ridiculous method of re-modulating the signal may at
last bring us electrically into line with the rest of the world
in this respect.
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may be anyone
University Computer

Either way round

spaghetti!

has any sense?}.

any slot”

hundred pounds already!),

you the 38-page low-down.
David Parkins

diagrams.

Greenbank

HOME COMPUTERS
DO NOT WORK!

You've already got a “‘home’ computer — am | right? You
a Hospital Electronics Workshop, a
Dept., an Electronics
Establishment, or you may be just plain Joe Soap.

you're fed up with the boss, or your
wife (may be the same thing), always asking you —
nice, but what does it do?”
things, so you must be pretty clever, but what a mess.
What's that heap of junk plugged n the back — talk about

They look lovely, home computers, don't they — until you
bolt on all the things round the back that the designer
couldn’t {or wouldn’t) include.

| think we both know what is needed: A “rack and card”
build it yourself system (Interak 1!). Something like Acorn’s
and Tangerine’s original plug in systems, before they went
on to more profitable things, but you don’t want it 6502-
based — Interak 1 uses the Z80A, (doesn’t everybody who

Interak 1

Research

“Very
| know you can make it do

If you use Interak 1, the ZBOA CPU is on one card, the VDU
Interface is on another, Dynamic RAM on another, and so
on. Very tidy, and very modular because "any card fits in
. And that ugly expansion adaptor, and the special
box of bits you've got sticking out of the back, can be neatly
re-packaged and slid into the spare slots in Interak 1.
I've got no space to say more (this advert's cost a few
so send me 3 stamp (20}p
and/or SAE, or neither, or ‘phone if you prefer, and i'll send

P.S. Although this advert may sound a bit corny {we have to
get your attention somehow) Interak 1 really is a serious,
sensible system with thousands of cards sold, and in daily
use. Cards, Manuals, all available separately inc. circuit

Greenbank Electronics {Dept. T3E), 92 New Chester Road,
New Ferry, Wirral, merseyside L62 5AG

Telephone: 051 -645_‘.3391

A

8 MONITOR in attractive case. With info £25
each. Carr £7. Matching Keyboard with Numeric
Keypad. ASCII coded, £25 each. P&P £5. The Pair
£40, Carr £7.
12" MONITOR cased, with info, £20 each, Carr l'l
Together with matching Kevboard £36. Carr £7.
POWER UNIT 240V Input. Outputs +5V/15A;
+24V/1.5A; —24V/3A, €12 each. Carr £7.
INSTRUMENT CASE, standard 18" width x 16"
depth x 10 high. £6 each. CArr. £7.
MORE INFORMATION
DWAYNE STEWART

GEARED MOTOR 117/234 Volt Input 50HZ. 4 dia
x 5 }” deep, }"’ shatt. New f5 each PE&P f4
MOTOR 13V DC Inpu( 3 dia x 4} deep, }"

shaft. New £3.50 each P&P

DC MOTOR 6-12 Volts. Mechanical Constant
Speed Control 1 " dia. £1 each.

MOTOR 12V DC with pulley & semi-conductor
speed control. £1 each,

SYNCHRONOUS MOTOR 2 Phase 9 volt AC. 376
APM. Good torque (needs 3040 mfd capacitor.
Suitable for Robitics/Plotters etc. £1 each.

OTHER SYNCHRONOUS/STEPPING MOTORS
AVAILABLE. PLEASE ENQUIRE

" CONTACT

GEARED MOTOR 12V 50HZ. 4 Watt 1 rpm, 2" dia
x 1} deep. £1.50 aach.
CENTAUR FANS 4}”. Brand new, 100V 20W,
speed. £2 sach P&P £2.

CENTAUR FANS 4{”, 115V New, £4.50 each.
MUFFIN 115V 44", unused, £3 each P&P E2.
TRANSFORMERS — All brand new, all 240 volts

input.
Sec 25.5V 2.5A. Size 3} x 2} x 2}". £2.50 each.
Sec 115V1A (auto) £1.26 each. Sec 6V 1.66A £1.60

each.
SQc 12V 100MA 80p e
TRANSFORMER 127/220 Voit Input. Sec 12V 1A
RMS £1.50 each
TRANSFORMER 120 Volt Input. Sec 10-0-10V 1A
T6p ea:
Sub Mm TRANSFORMER 0-120-240V Input. Sec
12-0-12V 4VA 76p each 10 off £6
TOROIDAL TRANSFORMER 0-115-230V input.
Sec 13.5-0-13.5V 8VA. £1.50 each 10 oft £12.
TOROIDAL TRANSFORMER 0-120-240V Input.
Sec 0-12V; 0-12V 10VA per winding. Encapsulated.
£4 each. 10 off £35.
Sub Min PULSE TRANSFORMER. Sec centre tap-
ped. Suitable for Thyristor triggering 20p each. 10

off £1.80.

RAPID DISCHARGE CAPACITOR B mfd 4KV £5

esach PEP £2.

HUNTS CAPACITOR 0.1 mfd IXVOC. £1.25 each

10 off £10.

EH.T. CAPACITOR 500pf 8KV. 20p each.10 off
£1.80. P

TELEPHONES. 706 style black, blue, green, grey,
£5 each. 10 off £45.

Discoloured £4 each. 10 off £30. 746 style black or
grey £7.50 each. P&P £2 each. 4-10 units £7. Over
10 by arrangements.

TOKIN NOISE FILTER VG215FU. 250VAC 15A
50/60HZ. With tixing bracket. New E2 each.

VU METER. Scaled 05, size 1§ x 7/8", 50p each |
10 off £4. |
L.T.T. LOUD SPEAKER. 3 }"” dia. 50 obm (0.2 Watt. |
New. 75p each. 10 off £6.50.

E.H.T. CABLE. Overail dia 5mm, 10p per metre.
100 metre drum £7.50 P&P £4.

Multi Colour RIBBON CABLE 10 way, 50p per
matre, 10 metres 4, 14 way 75p per metrs, 10
metres £6, 100 metres £40.

ILLUMINATED ROCKER SWITCH. 2 pole 250V 8
Amp. orange, 60p each. 10 off f4.

JOVSTICK SWITCH 4 directions, £3 each. P&P

CATHODE RAAY TUBES. Brand new, D14-121GM

& D14-12GH £40 each, SE5/2A/P31 £25 each.

Many others available, please enquire.

PCB KEYBOARD PAD. 19 push contacts, 0-9; A-F

plus 3 optiona!, £1.50 each. 10 off £12.

KEYBOARD P Swnches, push
2"

rand new, 75p each 10 §ff £6.
SLIDER POTENTIOMETER. Twi
2M, 35p each 10 off £3.
PANEL MOUNTING FUSE HOLD:
20p each. 10 off £1.50.
BELLING LEE CHASSIS MOU
HOLDER for 1 }” fuse, 15p each. 10 §ff £1
1.E.C. MAINS LEAD. 2 metre length,
80p each. 10 off £5.
4 CORE CURLY WIRE extending to 2
sach, 10 off £1.80
MICROPHONE/EARPIECE
new, 75p each. 10 o
PP9 BATTERY CONNECTOR STRIP, solfer tag,
10p each. 10 off

INSERTSY Brand

connaction on both sides, 35p each. 10 of
INFRA RED QUARTZ LAMP 230V 620 Wat:
13} x }” dia, £1.50 each. 10 off £10.
FERRANYI PHOYOCELL type MS15, 50g each.
off £4

Minimum Order of Goods £3. Minimum PP

£1.50. VAT at 15% MUST be added to TOTAL DF
GOODS & PACKAGlNG

Many morse end test 1! it

available. S. A E. ov nlaphone for lists. i

STEWART o READING

110 WYKEHAM ROAD, READING, BERKS. RG6 1PL

Tel: (0734 68041

Callers weicome 9 am-5.30 pm Monday to Saturday inclusive
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CAMBRIDGE LEARNING.

SELF-INSTRUCTION COURSES

NE

COMPUTER DESIGN

MICROPROCESSORS &
Microelectronics £6.50

Now you can learn all

their construction, design,
our programmed learning
all ages, all levels of interest, this course has
been designed for ease of wunderstanding. It
assumes no prior knowledge other than arithmetic;
and at the end you will know what that piece of
"black plastic" in your computer is actually doing.

about microprocessors -
and operation - using
technique. Suitable for

Contents include: algorithm design, programmable
1ogic, microcomputer architecture, a microprocessor

family, semiconductor technology, number systems,
arithmetic - integer and floating point, data
representation and scaling, programming, micro-

processor development system.

GSC SUPERKIT £1990

Learn the wonders of digital

b

CAMBRIGE LEARNING | electronics -  without the
Gsc problems of soldering.
This  practical beginners'
SUPERKIT kit comes complete with
instruction manual, comp-
T —— =" onents, and EXP300 bread-
m board to teach you all the
Y .,

basics of digital electronics.
The only extra you need to

Y- —° — >= o e W @x o

Self-lastraction buy is a 4}V battery.
Digital Bloctremic Kit
This self-instruction course
D=3 teaches gating, boolean
e logic, R-S and ]-K flipflops,

shift registers, ripple coun-
ters, and half-adders.

£8.50

This up-to-date theory course covers the design of
digital computers, both from their individual logic
elements and from integrated circuits. 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.

DIGITAL

Please send for our free booklist for further
information on these and our other courses.
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 IS 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 ask for prepayment invoice). Giro A/c No 2789159.
Please allow 28 days for delivery in UK.

SUPERKIT(S) @ £19.90
...... DIGITAL COMPUTER DESIGN(S) @ £8.50
------ MICROPROCESSORS & MICROELECTRONICS @ £6.50

| e¢nclose a 'cheque/PO payable to Cambridge Learning Lid

for £ (*delete where applicable)

Please charge my:

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

Expiry Date............ Credit Card No ....................
S/ N/alt Ul € b I e el ) 3 ) e o e =) e B 1K @ o

Overseas customers fincluding Eire} should send a bank draft
in sterling drawn on a
number.

l.ondon bank, or

quote credit card

Address.

Cambridge Learmng Limited, UnitlS anermlll Snc. FREEPOST,
St Ives, Huntingdon, Cambs.
in England No 1328762).

|

|

|

[

|

|

|

Telephone orders (rom card holders accepted on 0480 6746 |
|

|

|

|

|

PE17 (BR, |

England. (Registered



LB ELECTRONICS

DISC DRIVE BONANZA
PERTEC FD650 DSDD 8" ...£199 + VAT

PERTEC FD200 51" SSDD ..£100 + VAT

The above drives are suitable for the BBC Micro, we can supply full documentation
if requested with purchase of the drives only. Also available is a word processing
package with is a tape to disc program {i.e. will not run without discdrives.

Offered with Full documentation at £9.80 p&p 50p.
BRAND NEW AND BOXED PLUS DATA P&P AT COST

Apple controller card for two drives £40.00 + VAT p&p 50p
ASC11 coded qwerty Keyboard manufactured by Alphamenc (Woklng

UK}. Model 60K brand new plus data 9.95 pip £1.50
SELLOUT used (Guarangeed replacement by us) 2716 {5v) 1 50 each
p&p 30p. 12 for £15 p&p 75p.

25 WAY D’ Types, plugs £1.85, sockets £1.85 (solder tail) p&p 30p.
Telephone for bulk prices.

CASE model 430 Data modem, no information £30 each p&p £3.50

{Manuals available £5.00 each)

INTERSCAN ACCOUSTIC COUPLER
10” x 4” x 5” WITH ELECTRONICS, SOUND
TIGHT UNIT, FOR STANDARD GPO HAND SET.
NO DATA — £10.00 (INC VAT) P&P £1.75

LB ELECTRONICS
11 HERCIES ROAD,
HILLINGDON,
MIDDLESEX UB10 9LS,

; ENGLAND
TEL: UXBRIDGE 55399

| FOR HI-FI & ELECTRONIC ENTHUSIASTS!

We are the specialists of electronic kits. A catalogue with complete range of
products including pre-amp modules, power amp modules, pre and power amplifier
modules, complete kits of amplifiers, equalizers, reverberation amplifiers (with
cases), alarm clocks, appliance timers, CB amplifiers, test equipment, control
{electronic touch switch, sound activated switch, light activated switch, infra-red
remote control), music generators, battery fluorescent light and high quality black
anodised amplifier cases . . . etc. with illustrative pictures now available at the cost
of 60p including P + P, together with a 10% discount voucher for your first order.

EQUALIZER & REVERBERATION \ HIEAMPLIFIER MODULES

AMPLIFIER
Built £79.50

Kit £73.50 l

TA-323A 30W + 30W stereo amplifier
18.96 Kit  £23.95 Ass.
TA-280 60W + BOW stereo amplifier
.50 Kit £32.50 Ass.
TA-920 70W + 70W sterea ampiifier
£36.50 Kit £41.50 Ass.

All prices include VAT

CONTROL MODULES PROFESSIONAL RACK
2 ) “ MOUNTING CABINET
'l

TY-7 Electronic touch switch

£2.90 Kit £3.70 Ass.
TY-11 Light activated switch

£2.20 Kit £2.70 Ass.
TY-18 Sound acuvatad swm:h (Clap-switch}

4.50 Kit £5.20 Ass.

TY-38 Sound acnvatad switch {voice-switch)

£5.50 Kit £6.50 Ass. |
TY-41 Infra-red remote control (Receiver and
£18.90 Ass.

® Made wholly of black anodised aluminium
sheets @ Suitable for high quality amplifiers
and many other purposes @ Top, bottom and
rear cover removable for access ® Different
sizas available ® Compatible price ® Front
panel is of brushed aluminium finish

transmitter) £17.20 Kit

e —

—

To: Concept Electronics Ltd., 51 Tollington Road, London N7 6PB

Mail orders only

Please send me the electronic kits catalogue & the 10% discount voucher for my
first order. | enclose 60p in stamps/cheque/postal order. Make cheques payable to
Concept Electronics Ltd.

.Block caps please

» =2 .
g 3 i

3 ®

@ :

VARIABLE VOLTAGE POWER SUPPLIES
30v 1.5A £38.75 0 — 30v1.5A £39.99

MULTIRAIL POWER SUPPLIES FOR

30v3A £42.99 0 — 30v3A faa50 MICROS ETC.
30v5A £45.75 0 — 30v5A £47.80
20v 10A £55.98 0 — 30v 104 £58.09 SVSA, - 5vIA 12v1A,  121A,24v1A  £34.50

oy HAS CRDWBAR OVERVOLTAGE PRDTECTION

CONSTANT VOLTAGE/CONSTANT
CURRENT SUPPLY
- 32v/100mA — SA £55.90

OTHER SUPPLIES FOR MICROS

5v3A 2593  6v5A £28.99
12v1A £12.45 12v3A £27.95

ALL THE ABOVE HAVE CROWBAR OVER VOLTAGE PROTECTION

5v10A £35.98

HIGH EFFICIENCY SWITCHING POWER

1 15v3A £27.98 1 - 15v5A £34.99
SUPPLY 2~ 15v3A. . £29.99 ~ 2 — 15y5A £35.99
PV4AMax (5299 SWITCHMODE P.S.U. 5v 5A £35.75

ALL THE ABOVE SUPPLIES ARE FITTED WITH QUICK

P MiTERs T MORE ACCURATE METERING 1§ C-B- RADIO E.T.C. POWER SUPPLIES
REQUIRED PLEASE ADDE £3.00. FOR DIGITAL 12v/13.8v3A £1393  12v/13.8v5A £25.99
METERING ADD £15 12v/13.8v 10A  £34.98

(ALL WITH CROWBAR OVERVOLTAGE PROTECTION

NICAD CONSTANT CURRENT CHARGER FOR ALL
OOMESTIC BATTERIES £18.99
S.A.E. FOR LISTS

ALLPOWER SUPPLIES ARE FULLY STABILISED AND OVERLOAD PROTECTED. ALL PRICES ARE INCLUSIVE AND INCLUDE CARRIAGE

EDWARDS ELECTRIC

UNIT 3, MILL LANE, CHURCH STREET, BRIDGWATER, SOMERSET TA6 5AT

SPEAKERS

(Hi-Fi, P.A., Disco, Bass Guitar)

MULTIMETERS

(UK C/P 65p)

RANGE DOUBLER 10A D%; 12" BOW ........ £14.95
Special prce. ..o £15 "

ETe 500076001 121 Ranges 127 1T00W ... £19.95
50K/V Range Doubler 10é bC 15" 100W £29.95
.................................................. 16.50 . s e
TMK 500 23 Ranges 30K/V 124 18" T00W ...... £39.95
DC Plus cont. buzzer.............. £23.95 Postage and Packaging £3
NH56R 20K/V 22 Range ':;?Sket RETAIL ® MAIL ORDER

30TR 23 Range 100K/V. Large ~EXPORT @ INDUSTRIAL

scale 10A AC/DC plus Hfe....£36.95 EDUCATIONAL
ATI 020 18 Range 20K/V. DeLuxe FREE

Order by Post

plus Hfe Tester........ccounn £17.50 win cheques, ALL PRICES ~ CATALOGUE
ST303TR 21 Range 20K/V plus Hfe ;‘:‘fecs:""'sa or INCLUDE  SEND LARGE
TESEEr oo £16.95 telephone your VAT SAE

{UK 20p)

v a—

v
j

Hand Held
Analogue and
Digital

FREQUENCY METERS
ANALOGUE MULTIMETERS
OIGITAL MULTIMETERS
FUNCTION GENERATOR
OSCILLOSCOPES

POWER SUPPLIES

LOGIC PROBE

SCOPE PROBES

Multimeters

FREQUENCY METERS
100MH,, 600MH,, and 1GH, Models

16 Models.
from £18.75

from £67

Write or phone for illustrated
test instrument catalogue and price
list

Black Star Ltd.

9A, Crown Street

St. Ives, Huntingdon

Cambs. PE17 4EB

Tel: (0480) 62440 Telex 32339  J
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CAMBRIDGESHIRE COLLEGE OF
* *SATURDAY BARGAINS » % ARTS AND TECHNOLOGY
EMOS SATURDAY SALES ARE YOU MAKING THE
Starting February 12th we will be open from 10am to 4pm every Saﬂtu;_dady MOST OF YOURSELF?
to sell our vast range of components at bargain prices. You will easily fin
us in Daventry on the A45, opposite the John O’Gaunt Hotel. HAVE YOU CONS'DERED
— Yo = 1 o FURTHERING YOUR TRAINING IN
Srtpore Pig 2 ELECHERICS:
B RIS We offer: )
?.éﬁ?;s": e Y S CNAA BSc in Electronic Engineering
gy b na e WooW m W A four year part-time degree for mature students,
Prom (e vk o el (250 PEL.COMPNENTS SOV 1stg 723 3 includes study of Digital, Telecommunications
- N i ' and Control systems.
e Entry qualifications: HNC or equivalent in
TNS2 18 Me P2X EEHOM R0 Elect_rical ar)d Electrqnic En_gineering or Applieq
L R B30 ceemmmt ot ooy 2 Physm_s. Th_|s degr(_ee is conS|dered. by the_ Council
eC“*\O"ie‘ :'::955 . "'2-:: it of Engineering Institutions as meeting their C.Eng.
e o tas 3.0 280 o 81 508 Prices ine VAT pog academic requirements.
Heavy duty relays — 5A - 2p cfo 28V 85p m it
Microswitch — V type — push on terminals 2%p (4400 (7200 - - -
HND in Electrical and Electronic
Engineering
-& . © A 2} year sandwich course, including study of
(CMOSSZ0ERILSITITL Electrical, Electronic and Communication
See our adverts i fas1 months magazines for complete hsts Engineering, combined with control Engineering
Very competitive rices Many devices only 9p and Digital Techniques. Entry qualifications: 1 ‘A’
level in Mathematics or Physics.
Dept‘tTDl"%;gzr.}ys?zc;" 23}'6““;3;’121‘1%%‘1‘;‘%‘%53 4HQ For further details and application forms,
Please xdd sf,',,,, DR ,fcf;’,‘,,', — contact The Department of Engineering,
(cxeptwhers Wghersadieniepis 157 VAT @I Cambridgeshire College of Arts and
cost.cr{iqugs-ndn;st-zdrfenmage'pn¥-b|;:o VA Technology, Cambridge CB1 2AJ. Telephone
comprebensive catalogue, T B for - (0223) 63271.

MASTER ELECTRONICS NOW'!
The PRACTICALway!

This new style course will enable You will do the following:
anyone to have a real understanding @®Build a modern oscilloscope

of electronics by a modern, practical : ;
o) el G () e @ Recognise and handle current electronic

knowledge is required, no maths, and ~ COMponents o
an absolute minimum of theory. @ Read draw and understand circuit diagrams
You learn the practical way in easy @®Carry out 40 experiments on basic

steps mastering all the essentials of L , .
your hobby or to start or further a electronic circuits used in modern

career in electronics or as a self- equipment

employed servicing engineer. ~ @Build and use digital electronic circuits
All the training can be carried out in and current solid state ‘chips’

the comfort of your own home and at . .

your own pace. A tutor is available to @ Learn how ,to ‘es.t and serylc'e STER7 G721

whom you can write personally atany  Of electronic device used in industry and

time, for advice or help during your commerce today. Servicing of radio, T.V.,

work. A Certificate is given at the end Hi-Fi and microprocessor/computer

of every course. .
: equipment,

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

R EEn ED A D IS Man S I A BT D B D IR I e e DD D DD SIS EEE NS SR ISR aE '
§ Please send your brochure without any obligation to | am interested in: ETI/4/821
I OO0 Rerocune NAME COURSE IN ELECTRONICS I
| as described above
I r | ADDRESS 1 RADIO AMATEUR LICENCE 5 I
> | "1 MICROPROCESSORS Ot U AEE
I {‘ g [ LOGIC COURSE I
_ . BLOCK CAPS PLEASE
| British National Radio& Electronics School Reading,Berks RG1 1BR !
R I I N IR L S T D N G G D S P o e EED BEE BN GEm e s l— D =N
- g [
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TECHNICAL TRAINING

IN ELECTRONICS,
TELEVISION AND AUDIO

IN YOUR OWN HOME — AT YOUR PACE

ICS can provide the technical knowledge that is so €ssential
to your success, knowledge that will enable you to take advant-
age of the many opportunities open to the trained man. You
study in your own home, in your own time and at your own
pace and if you are studying for an examination [CS guarantee
coaching until you are successful.

, City & Guilds Certificates

Radio Amateurs )
Basic Electronic Engineering (Joint C&G/ICS)

Certificate Courses

TV and Audio Servicing

Radio & Amplfier Construction

Electronic Engineering* and Maintenance
Computer Engineering* and Programming
Microprocessor Engineering*

TV. Radio and Audio Engineerin
Electrical Engineering.* Installation

Qnd Contractlng *Quality for IET Associate Membership

Approved by CACC

POST OR PHONE TODAY FOR FREE BOOKLET

Member of ABCC

I Please send me your FREE School of Electronics Prospectus.

Subject of Interest

Name

l Address

I ) Dept F265
l Iﬂs Post to: 4¢5 School of Electronics @

160 Stewarts Road, 1- 99
! London SW8 4UJ ?Alflsszours)

PARNDON ELECTRONICS LTD. .

Dept. No.23', #4 Paddock Mead, Harlow, Essex CM18 7RR. Tel. 0279 32700

RESISTORS 174 Watt Carbon Film E24 range + 57 tolerance High quality resistors
made under strictly controlied conditions by automatic machines Bandohered
and colour coded
£1-00 per hundred mixed {Min 10 per value)
£8-50 per thousand mixed {Min 50 per value)

Special stock pack 60 values. 10 off each 25-9,/

DIODES: IN4148 3p each Min order quantity - 15 items
£1-60 per hundred

CAPACITORS, REGULATORS, SWITCHES, I.C.

TRANSISTORS, DIODES, etc, etc.
FULL LIST AVAILABLE — SEND S.A.E.

DIL SOCKETS High quality. low profile sockets

8 pin ~ 10p. 14 pin - lp. 16 pin = 12p. 18 pin — 19p. 20 pin — 21p.
22 pin ~ 23p. 24 pin — 25p. 28 pin — 27p. 40 pin — 42p.

ALL PRICES INCLUDE V.A.T. & POST & PACKING — NO EXTRAS
K MIN ORDER - UK £1 00 OVERSEASE5 CASH WITH ORDER PLEASE J

CENTRONICS 306
LINE PRINTERS

— e
Visual Display Units
Burroughs MT686 VDUs
These versatile micro
controlled programmable
terminals have 3 RCA
1802 CPUs and 64K of
memory. 12"  Green

professional fast FLOPPY DISC DRIVES
compact line-printer. 80
columns, 120 char/sec.
Parallel i/f. Quality at a

Fantastic MEMOREX
550 8" discs mounted in
attractive  case  with

screen (80 x 25) R5232.
106 key detached key-
board. Can also be used
as quality video monitor.
£149 + £15 carr. WHILE
STOCKS LAST.

silty price. Vertical format
unit. To inc. operations
manual. ONLY £149.00.
Carriage (England)
£17.50. Tech manual
(230 pages) £10.00.

power supply and fan.
Shugart standard 50 way
interface.  Space  for
second drive. £199 (carr.
£9.50).

MAWSON ASSOCIATES
124 Lennard Rd, Beckenham, Kent BR3 1QP

WE ALSO BUY COMPUTERS 01-778 3600 Callers welcome by appointment
AND COMPUTER PERIPHERALS s/hitems sold working but not g'teed

Universal NI-CAD, battery charger. All plastic case
with lift up lid. Charge/Test switch. LED indicators
at each of the five charging points.

Charges:- PP3 (9V), U12 (1:5V penlite), U11
(1-5V “C"), U2 (1-5V "'D"), Power:- 220-240V
AC, Dims:- 210 x 100 x 50mm. Knock down
Iprice only while stocks
ast.

e

Only £6.00
Order No. MW 398 =

l Muttitester & Transistor Tester AT
DC volts 0-1v-5v-2-5v-10v-50v-250v-1000v +3% €
AC volts 0-10v-50v-250v-1000v 3%

DC current 0-50uA-2-5mA-25mA-0-25A £3%

Resistance: Only
Minimum 0-2-2-200-200k ohms £11.95
Midscale 20-200-20k-200k ohms +39 | Order No.
Maximum 2k-20k-2m-20m ohms LT S20

As a transistor tester
Leakage current 0-150uA at Z1k range
0-15mA at X10 range * +5%
0-150mA at X1 range
| PLEASE ADD 15% VAT & £1 P&P : 1

ENFIELD 208 BAKER ST., ENFIELD
ELECTRONICS MioDX. Tel: 01-366 1873

TALK TO THE WHOLE WORLD

.. .. and discover a new one for yourself.
If you're experienced or even a beginner
our skilled preparation will enable you
to obtain a G.P.O. Licence.

British National Radio & Electronics School, Reading, Berks. RG1 1BR

———_—————_—_
r FREE brochure without obligation from: —~

| British National Radio & Electronics School |
READING, BERKS. RG1 1BR

NAME s £ ael s & 2 amea - 3m @ m e wbesoela @ o7l ® sl ey o m s mg
I Address ua sme sieh aws | Ma-oca-phnot-=-piarmi]Hy e I
E‘i’l‘A' 8.‘_.7 ........................ B.L-O.C.K. éAF.,S. .PLéAéE'J
oINS IS GEED CEID UEED S NN TR VA $EE

NEW SURPLUS RELEASE

VERSATILE BENCH POWER SUPPLY UNITS Contains high quality transformer to exacting
specifications giving one 20v output and two 30v outputs. All outputs 3 amps D.C. ]nput 110/250v
50c/s. Bridge rectification. Contained on metal chassis with robust compact case size 7% x 53" x
4}" easily modified to give 50v and 80v outputs. Makes an ideal variable power supply. Normally
cost around £60, OUR PRICE AS NEW WITH CIRCUIT £8B.50. Carr. £3.00. 2 units for £20 carr.

free.

FOOT SWITCH {Mains operation). Contains two micro switches and lead metal case. Good
condition. £3.50 each. Postage 50p. 2 for £7.50 Post Free.

LIGHTWEIGHT HEADSETS (Govt. release}. Brand new 600 ohms impedence. A Bargain at £3.50
pp£1. Two for £7.

SCOOP PURCHASE PYE POCKET PHONE RECEWERS Type PF1 normal freq. 450mHz.
Supplied in used condition less battery. £4.50 each. Carr. £1. 2 for £9 post free. 4 for £18 post free.
New release of MODERN DYNAMIC MOVING COIL MICROPHONES. 200 ohms impedence.
Switch incorporated. Mostly with lead and DIN plug. Used but nice condition. Three designs of case
housing. Price one mike our choice £2 plus 50p pp. Bargain offer all three mikes £4.50 pp £1.

HAVE YOU SEEN THE GREAT CAT? 1000°s of new components, radio, electronic, audio at
unbelievably low prices. Send S0p and receive catalogue and FREE RECORD SPEED
INDICATOR.

Try 8 JUMBO PACK. Contains transistors, resistors, caps, pots, switches, radio and electronic
devices. Over £50 worth for £11 Carriage and packing £2.50. MINI JUMBO PACK (£20 worth) for

£5 pp £1.50.
PLEASE ADD 15% on all orders including carrlage and pp-

Mrers Dsyjegs

Dept. ETI. 12/14 Harper Street, Leeds LS2 7EA. Tel: 452045

New retail premises at above address {opposite Corals). Callers welcome 9 to 5 Mon to Sat. (Sunday
10 till by appointment}. Govt. Surplus items always In stock.

's easy

to complain
about

advertisements.

The Advertising Standards Authority. ¥ .
M an advertisement is wrong.we're here to put it right. |
ASA Ltd. Brook House. Tornngton Place. London WCIE 7HN.

s
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Up until now PCBs were always the hardest component to obtain for a
could make your own, but why bother anymore? = o
- Now you can buy your boards straight from the designers — us' As of this isswe . i)% L.,

it copyright) PCBs will be available automatically from the ETI PCB Senvice. E basrd ¥ . g\i
produced from the same master used to build our prototypes, so you can be stfe¥'s gcm(hﬂ%:
-and will be finished 8o the high standard you would expact from ETI. 3,, &4 s
In addition to thie PCBs for this montivs projects, wé arg:making available some of #he brgﬁ;g =
popular designs from our recent past. See the.list below for details. Please note that NGO %
BOARDS ARE AVAILABLE. {f it's not listed, we deivt have it! b o o

APRIL 79 JULY 80 O lon 'Blinker’ £2.47
O Guitar Effects Unit £2.64 U System AA-MM/A-MC £2.65 ) MOSFET Amp Module £6.78
O Click Eliminator £6.64 0 SystemAA-PR £517 O Logic Lock £3.06

0 Smart Battery Charger £1.97 5 Digital PWM £3.34

JUNE 79 .
O Accentuated Beat Metronome £3.60 O Optical $ensor £1.74
AUGUST 81 O Stylus Timer £2.59
FEBRUARY 80 O System A Power Amp(A-PA) £4.77 O Oscilloscope (four boards)  £11.60
U Tuning Fork £2.64 8 }l-:‘lasléSe;quegnce}: £3.44 LU':-Yssz e
MAR and-clap Synthesiser £3.97 [ Mike Switching Unit £1.87
g Signaﬂ*r o g227 O HeartbeatMonitor £1.83 [ TV Bargraph (main board)  £4.56
0 Watchdog Home Security O TV Bargraph (channel card)  £2.28
- AUGUST 80 (two boards) £531 O Hotwire £2.63
CMOS Logic Tester £2.64 O Bridgi
U Capacitance Meter £2.93 SEPTEMBER 81 BrldéﬂlngAd;p tor 2k
O Ultrasonic Burglar Alarm £2.87 U MainsAudio Link(three boards)  £7.35 AU 8
O Laboratory PSU £4.53 O Playmate (three boards) £7.20
OCTOBER 80 O Kitchen Scales £1.84§
O Cassette Interface £293 OCTOBER 81 3 Sound Track £4.25
O Fuzz/Sust;iln Box £3.27 (O Enlarger Timer £3.40 SEPTEMBER 82
NOVEMBER 80 L) Sound Bender £2.65 3 Auto Volume Control £1.84
O Touch Buzzer £1.93 ‘O Thermal Alarm £2.63 O Dual Logic Prob £1 '93
O Light Switch £1.93 O Micropower Pendulum £2.21 LESLC Lol .20 :
] Metronome £1.93 NOVEMBER 81 OCTOBER 82
01 2W Power Amp £193 [ Voice-Over Unit £3.97 O Message Panel (one card) £8.79
0 RIAA Preamplifier £1.93 0O CarAlarm £2.81
3 Audio Test Oscillator £3.13 O Phone Bell Shifter £2.96 NOVEMBER 82
DECEMBER 80 DECEMBER 81 O Spectrum Analyst (3 boards) £14.33
O Musical Doorbell £2.80 ([ Alcohometer(twoboards) £5.21 O Pulse generator £5.29
O Bench Amplifier £2.53 [ Bodywork Checker £1.75 O Message panel interface £1.91
O FX::”K);;I:&XH £2.64 [ ComponentTester £1.40 DECEMBER 82
JANU 1
JANUARY 82 O ELCB £2.41
LI LEDTacho 200 g Parking Meter Timer £2.20 O Servo Interface (two boards) £5 87
8 Gt{lthpltqun Siren gg? O InfantGuard £1.56 O Spectracolumn £4.82
Fgé\;:lrjﬁkvlrgfr =1 0O Guitar Tuner(two boards) £5.55 USignal Line Tester £1.25
O Infra-red Alarm ( FEBRUARY 82 , @2
0 Pules Gonerrtn four boards) £564 O Ripple Monitor £192 JANUARY 83
MARCH 81 D PeSt.MonltOf £] .68 D ETI/831/1 FUeI Gauge £3 00
O Engineer's Stethoscope £2.65 O 1ChingComputer(twoboards)  £5.15 ETI/831/2 ZX ADC £2.25
APRIL 81 0 Moving-magnet stage £3.49 O ET1/831/3 Programmable PSU £3.00
O Musical Box £2.64 = Moving<oil stage £3.49 MARCH 83
O Drum Machine(two boards) £5.60 _ MAY 82 O ET1/833/1 6502 Sound/DAC £11.16
O Guitar Note Expander £3.20 [J DVMeg £2.72 O ET1/833/2 Alarm Module £3.15
JUNE 81 L) Analogue PWM £3.06 4 £T1/833/3 ZX81 Graphics ~ £0.93
O Mini-drill Speed Controller £293 U Slot Car Controller £4.51 O ETI/833/4 Logic Probe £2.17
O Antenna Extender £3.20 O Wattmiser £4.17
O LED Jewellery: Cross £1.47 U Sound Effects Boar £2.25 APRIL 83 .
a Spiral (two boards) £2.64 O Thermemeter (main board) £3.99
a Star(twoboards) £2.65  June 82 O Thermemeter (sensor) £0.72
O Waa-phase £1.53 O lon Generator (two boards)  £5.53 O Stage Lighting (memory) £1197

How to order: indicate the boards required by O Stage Lighting (display board) £2.96

ticking the boxes and send this page, together with
your payment, to: ET1 PCB Service, Argus

Specialist Publications Ltd, 145 Charing Cross Signed. . ...
Road, London WC2H OEE. Make cheques payable

to ETI PCB Service. Payment in sterling only please. R R R S S R L S S e

Prices subject to change without notice. Address. ... ...
Total for boards PLEASE ALLOW

Add 45p p & p 0. 45 28 DAYSFOR | ~rrrvrrrer
Total enclosed £......... DELIVE RN ol o b ot m e 1l e e hava o A8 e bR R d
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LOOKING FOR

CASES! TRY YOUR LOCAL
LISTED STOCKIST

MERSEYSIDE

COMPONENTS! HARDWARE! |

ANNLEY ELECTRO

MYCA ELECTRONICS

2 VICTORIA PL, SEACOMBE FERRY,
WALLASEY, L44 6NR.
Tel: 061 638 8647
Open Mon-Sat 10am-5.30pm
Mail Order price list 50p refundable

%

PROGRESSIVE RADIO
93 Dale Street. Tel 051 236 0982 °
47 Whitechapel,' Tel 051 236 5489
Liverpool 2
‘THE ELECTRONICS SPECIALISTS’
Open: Tues-Sat 9.30-5.30

BEDFORDSHIRE

BROADWAY ELECTRONICS

1 The Broadway, Bedford,
Tel: 0234 213639
Open- 6 days 9-5.30. % day Thur
lunch 1.30-2.30
Specialists 10 electronic components and
Acorn computers

DORSET

W. MIDLANDS

WAVEBANDS

103 Coventry St., Kidderminster
Components, computers, car radios,
C.B.’s, amateur radio
i and all electronic hobby equipment

Open: Mon-Sat 9-6, Sun 10-2 !
Ml

[y——

FOR YOUR BUSINESS TO
BE INCLUDED, CALL
ELECTROMART ON
01-437-1002.

E e
STAFFORDSHIRE

3

eLECTRONIC | 105 High St.,

SUPPLIES Wolstanton,
Newcastle

Tel: 0782 636904

Open: Mon-Wed 9-6, Thurs 9-12 & 5-7,

Fri & Sat 9-9, Sun 11-2

S. WALES

STEVE'S ELECTRONIC
SUPPLY CO. LTD.
45 Castle Arcade, Cardiff
TEL: 0222 41905
Open: Mon-Sat 9-5.30
For components to computers

WARWICKSHIRE

D.J. ELECTRONICS
64 Ensbury Park Road,
Bournemouth.
Tel: (0202) 515073.

Open: Mon-Sat Sam-6pm.

16B Lower Green,
@ Jm@Pouiton-le-Fylde, Blackpool
Tel: (0253) 885107

Open: 9.30am-12.30. 1.30-5.30. Closed Wed & Sun
Eiectronic Component Specialists.

[ETESON ELECTRONICS

TEL: 0662 2179
H. G. ELECTRONICS CO
1350 Stratford Rd., Hall Green
Birmingham. Tel: 021-777 2369
Open: Mon-Sat 9-5.30 (Closed Weds)
Electrical accessories, plugs, skts, leads, '
Electroni p it put audio,
video, tape, disco, hi-fi. ..

. LECTRONICS _
Charlotte St, Rugby. Tel: Rugby 78138

Open 5 Days 10-6 (closed Wed)
Wide range of components and R.S. stockists
1983 Mall Order Catalogue 75p

NORTHAMPTONSHIRE

* A new gany selling ol

#* Mail order and walk-reund suparmerhst.
* Vast stechs and very comgatitive grices.

Z A " eleshess 83002 525, Toes 31245
=il Y7\ (0Ff A45 eppesita Joha 0’ Gaeat]

o

ACE MAILTRONIX LTD.
3A Commercial Street,
Batley. Tel: (0924) 441129

Open: Mon-Fri 9am-5.30pm. {Sat 1pm)
Retail and wholesale.

r-----------------------------------------;i----q

: Please include my business details in the next available issue of ELECTRONICS TODAY :
: INTERNATIONAL: .
] ]
: BUSINESS NAME: ...oc.cecereveveeessososs ettt oo oY [ — :
: ADDRESS: oot s sss s st et sreses et et s sess s st e & \ Y :
b ——————————— _ -
! 167, 5, o
' |\ 901 ¥ 1
' . - e} "
i+ TELNO. L 8 " ....... .
: OPENING HOURS: ~«- :
: RETAIL [] WHOLESALE [ ] MAIL ORDER [ ] (Please tick) :
: CONTACT: (FOR OFFICE USE ONLY) ......cooovuuusmmmmsmsasssrnasssessessssesssssassesssssssassasssnssssssssssssessssssssasssssasassssessssssssasasasssseesses 1
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on request)

WC2H OEE

ADVERTISEMENT
RATES Semi-Display {min 2 cms)

1-3 insertions £10.00 per cm

4-11 insertions £9.00 per cm

12 + insertions £8.00 per cm

Lineage 35p per word (min 15 words)
Box Nos. £2.50

Closing date 1st Friday in the month
preceding publication date.

All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and
conditions printed on the advertisement rate card (available

Send yours requirements and cheque /P.0. to:

E.T.l. CLASSIFIED ADVERTISING,
145 CHARING CROSS RD, LONDON

DIGITAL WATCH REPLACEMENT parts
batteries, displays, backlights etc. Also
reports pubications, charts. S.a.e. for full list
Profords Conersdrive, Holmergreen, Bucks,
HP15 6SGD

051-228 3483

INTRUDER ALARMS LTD
WHOLESALE SUPPLIES
MAIL ORDER DEPT

CONTROL PANELS
Batterv T/E/E.....£20.00
F.S.N.20/40 ... £36.00
CONTACTS

Aluminium
Surface
Flush....
Quickfits ...
BEAMS
Infra Red..
Ultrasonic
Rec Battery...

9z 328
g8 8@ 233

388 BB

BURGLAR Alarm Equipment. Please
visit our 2,000 sq.ft showrooms or write
or phone for your free -catalogue.
C.W.A.S. Ltd, 100 Rooley Avenue, Brad-
ford BD6 1DB. Telephone 0274 308920.

Discount on quamlvtzr— Ploase add 15%

FOR ORDERS LESS THAN £30 P&P £2.00
OVER £30 P8P FREE
A1 ALARMS LTD

86 Darby Lane, Old Swan, Liverpool 13

CONVERT ANY TV into Large Screen
Oscilloscope (by external unit). Costs
approx. £12 to build. Circuit and plans £3 or
SAE details. J. Bobker, 29 Chadderton
Drive, Unsworth, Bury, Lancs.

COPPER CLAD Double Sided Fibreglass,
12" x 8". 10 sheets £6. 5 sheets £4. Davron,
Box No. E.T.1.202, Asp Ltd., 145 Charing
Cross Road, London WC2.

HIGH POWER MERCURY ION LASER,
emits green/red light. Easily built by the
amateur constructor. ldeal school project,
etc. Comprehensive kit of plans, including
source of all materials, £56.25 + 25p P&P.
Lastertech, 31 Milll Brow, Chadderton,
Lancs.

AERIAL AMPLIFIERS Improve weak
television reception. Price £6.70, S.A.E.
for leaflets. Electronic Mailorder,
Ramsbottom, Lancashire BLO 9AGH.

PRINTED CIRCUITS. Make your own sim-

ly, cheaply and quickly! Golden Fotolac
'ri)ght-sensitive lacquer — now greatly im-
proved and very much faster. Aerosol
cans with full instructions, £2.25. De-
veloper 35p. Ferric Chloride 55p. Cle
acetate sheet for master 14p. Copper-cla
fibreglass board, approx. Tmm thick
£1.75 sq. ft. Post/packing 75p. White
House Electronics, Castle Drive, Praa
Sands, Penzance, Cornwall.

BUMPER BOX OF BITS

WOWIi! We've got 80 many components in stock, we can't
possibly list thern allll — So buy a box. in it you'll find resistors,
if displays, switches, panels with it . diodes, IC's
wtc, coils, pots . . . and $0 on. All modern parts — guaranteed at
least 1000 items, minimum weight 10ibs. ONLY £8.50 inc.
ELECTRONICS WORLD

1¢ Dews Road, Salisbury, Wilts SP2 7SN

A really compact high
performance CCTV camera
for only £ 130.00 plus VAT
plus P/P, Total £152.95.

Size 3'x3"x 97 240v operation.
1v p-p output. Lens extra.

CROFTON ELECTRONICS LIMITED

35 GROSVENOR ROAD, TWICKENHAM
MIDOLESEX TW1 4A0

Telephone 01-891 1923/01-891 1513
Telex 295093 CROFTN G

ET! APRIL 1983

CENTURION

ALABMS

We manufacture, you save £££'s
Send s.a.e. or phone for our Free list of
professional D.I.Y. Burglar Alarm Equip-
ment and accessories.

Discount up to 20% off list prices,
e.g. Control Equipment from £15.98,
Decoy Bell Boxes from £5.95 inc.
TRADE ENQUIRIES WELCOME

QY 0484-21000

or 0484 35527 (24 hr.ans)
CENTURION ALARMSIETI)

1265 Wakefield Road, Hudderstield
HD5 9BE, W. Yorkshire|
E Access & Visa
QOrders Welcomed

GOVERNMENT SURPLUS components
and equipment, send s.a.e. for list: AFR Elec-
tronics, School Lane, Moulton,
Northampton.

o~

WANTED: ELECTRONIC COMPONENTS
and Test Equipment. Factories cleared. Good
prices given. Q Services, 29 Lawford
Crescent, Yateley, Camberley, Surrey. 0252
871048.

SPECTRUM GAMES SALE. Venture (7
games in 1), was £6. 3 compulsive games,
was £5. The lot on one cassette for just £6.
Bobker, 29 Chadderton Drive, Unsworth,
Bury, Lancs.

SLIDE TAPE SYNCHRONISER

Synchronise siides with music and/or commentary with our PLL

slide tape synchroniser kit. Any cassette/tape recorder or deck can

be used together with any projector with remote control or

synchroniser socket.

Units can be ganged together for multi-projector use and couid be

used in any project that requires tone generation/detection

{remote control devices, tape based programmable controller/

sequencer etc. etc.) — full details supplied

Basic kit £12.98 {includes PCB, relay, electronic components and

detailed instructions.

Compiete kit £19.96 {as basic kit plus case and all switches, leads,

plugs and connectors required}. Al prices include p&p.

UNITECH (Midiands)
Dept ETJ FREEPOST, Surton Coldfield, West Midlands 874 2BR

{no stamp required)

CIRCUIT DESIGN, Prototype construction,
analogue or Digital, Single Circuits .or
Complete Instruments/Systems. Write A. J.
ATTWOOD, C.Eng., MIERE, Heathercote,
Heatherton Park, Taunton, Somerset, TA4
1Eg', or Phone Bradford-on-Tone (082-346)
536.
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£6.50 Post 65p MINI-MULT! TESTER
Deluxe pocket size precision moving coil
instrument. impedance + Capacity — 4000
o.p.v. Battery included. 11 instant ranges
measure: DC volts 5, 25, 250, 500. AC volts
10, 50, 500, 1000. OC amps 0-250u8; G-

250ma. Continuity and resistance 0 to 600K
ohms.

De-Luxe Range Doubler Model, 50,000
o.p.v. £1850. 7 x 5 x 2in. Post £1.

—

e
NEW PANEL METERS £4.50

50ua, 100ua, 500z8, 1ma, 5ma,

50ma, 100ma, 25 volt, ¥

' VU Meter. 500ma, 1 amp, 2 amp. *. =

' Facia 2} x 2 x 1}in. Post 65p.
Post £2 each

FAMOUS LOUDSPEAKERS

Make Model Size Watts  Ohms Price
Seas Tweeter 4in 50 8 £9.50
Audax Tweeter 4in 30 8 £6.50
Audax Mid-Range 4in 50 8 £7.50
Seas Mid-Range 4}in 100 8 £12.50
Seas Mid-Range 5in 80 8 £12.00
Goodmans Woofer 8in 25 4or 8 £6.50
Audax Woofer 8in 40 8 £14.00
Audax Woofer 10in 50 8 £16.00
Goodmans 8HB 8in 60 8 £12.50
Rigonda Full-Range 10in 15 8 £5.00
Baker Hi-Fi Dsiuxe 12in 15 8 £14.00
Baker Hi-Fi Major 12in 30 4/8/16 £14.00
Baker Hi-Fi Superb 12in 30 8/16 £24.00
Baker P.A. Group 45 12in 45 4/8/16 £14.00
Baker Hi-Fi Auditorium 12in 45 8/16 £22.00
Baker Hi-Fi Auditorium 15in 60 8/18 £34.00
Baker P.A. Group 75 12in 75 4/8/16 £18.00
Goodmans GR Group 12in 90 8/16 £27.50
Baker P.A. Group 100 12in 100 8/16 £24.00
Baker P.A. Disco 100 12in 100 8/16 £24.00
Baker P.A. Group 100 15in 100 8/16 £32.00
Baker P.A. Disco 100 15in 100 8/16 £32.00
Goodmans HPD Disco 12in 120 8 £29.50
EMI 450 13x8in 10 3/8 £8.00
Goodmans HP Basy 18in 230 8 £80.00

R.C.S. LOUDSPEAKER BARGAINS
3o0hm, & x 3in, 7 x 4in, £2.60; 8 x 5in. 6%in. £3; 8in. £4.60; 10in. £5.
8chm. 2in. 2%in. £2.00: 3in 5in. 5 x 3in. 6 x 4in. 7 x 4in. £2.50
64in; 8in x 5in £3; 8in. £3; 10in. £5; 12in. £6.
35 0hm, 3in. 5 x 3%in. 6 x 4in. 5in. £2,50. 6%, 8 x 5n. £3.
25 0hm, 3in. 5 x 3in. 7 x 4in. £2.50; 120 obm, 3%in. dia. £1.50.

BATTERY ELIMINATOR MAINS to 9 VOLT DC
Stabilised output, 9 volt 400 m.a. UK made with
terminals. Overload cut out. 5 x 3} x 2}in. Transformer
Rectifier Unit. Suitable Radios. Cassettes. £4.50. Post 50p.

LOW VOLTAGE ELECTROLYTICS
1,2,4,5,8, 16, 25, 30, 50, 100, 200mF 15V 10p.
§00mF 12V 16p; 25V 20p; 50V 30p;
1000mF 12V B0p; 25V 35p; 50V 50p; 1200mF/76V 80p.
2200mF 6V 25p; 25V 42p; 40V 60p; 2000mF/100V £1.20.
2500mF 50V 70p; 3000mF 25V 50p; 50V 65p.
3300mF 63V £1.20; 4700mF 63V £1.20; 2700mF/76V £1.
4700mF 40V B5p; 1000mF 100V £1.

HIGH VOLTAGE ELECTROLYTICS L

8/450V 45p 8 + 8/450V 75p 50 + 50/300V
[16/350v  45p B + 16/450V Top 32 + 32 + 32/325V
32/350V  75p 20 + 20/450V  7Bp 100 + 100/275V
50/350v  80p 32 + 32/350V  BBp 150 + 200/275V
86p 32 + 32/500V £1.80 220/450V

TRIMMERS 30pF, 50pF 10p. 100pF, 150pF 15p. 500pF 0p.
CONDENSERS VARIOUS, 1pF to 0.01mF 350V 5p.

400V-0.001 to 0.05 6p; 01 15p; 0.25 26p; .47 35p.

1000V 0.1mF 26p; 0.22mF 30p; 0.47mF 60p; 1750V 0.22mF 60p.
WAFER SWITCHES. 1 pole 12W, 2 pole 6W, 3 pole 4W, 4 pole 3W,
pole 2W, 4 pole 2W 60p ea.

TWIN GANGS 120pF £1; 500 + 200pF £1.

| SINGLE SOLID DIELECTRIC 100pF, 500pF £1.50.

GEARED TWIN GANGS 25pF 95p; 365 + 365 + 26 + 25pF 1.
SLOW MOTION DRIVE 6:1 90p. REVERSE VERNIER 60p.
VERNIER DIALS 36mm £2.25. 50mm £2.75,

§383¢

~

BLANK ALUMINIUM CHASSIS. 6 x 4 — £1.45: 8 x 6 — £1.80
10 x 7 — £2.30; 12 x 8 — £2.80; 14 £3.00; 16 x 6 — £2.90
A

.6 x B

14 x3 — 75p; 10 x 7 — 95p; 12 x 8 1.10; 12 x 5 — 75p;
16 x 6 — £1.10; 14 x 9 — £1.45; 12 x 12 — £1.50; 16 x 10 — £1.75.
PLASTIC box with aluminium facia 6} x 3§ x 2in. £1.50.
ALUMINIUM BOXES WITH LIDS

3 x 2 x1£1.4x2)x2£1.4x4x2}£1.35.

6 x4 x2£1.60.7 x5 x 3f2.40.8 x 6 x 3 £2.50.

10 x7 x3£3.12x5x3£2.75.12 x 8 x 3£3.80.

BRIDGE gCﬂFlER 200V PIV § amp 50p. 2 amp £1.00.
4 amp £1.50. 8 amp £2.60. DIODES 1a, 10p; 3a, 30p.
TOGGLE SWITCHES SP 40p. DPST 50p. DPDT 60p.
MINIATURE TOGGLES SP 40p; DPDT 60p.

S RVICE, REPAIRS

® Computers (Business and Personal)
® Floppy Disc Drives (all makes)
® VDU’'s ® Monitors ® S100 Boards

EPROM SERVICE

®Erase ® Program ® Copy ® Modify
For 1K, 2K, 4K EPROMs

MICRO UP-GRADES, HARDWARE

® Printers ® Monitors ® Disc Drives
® Nascom Disc Interface ® Z8/Basic
Computer @ Euro Card Micro
Expansion System @ Power Supplies
® Cables

A. N. Electronic & Computer
Services Ltd
211 Park Barn Drive
Guildford, Surrey
Tel: (0483) 504897

1

NEW AUDIO/RADIO/TV valves, sockets,
etc. S.a.e. lists: LEC, 256 Ridge Road, Let-
chworth, Herts SG6 1PW.

48K SPECTRUM CASSETTE, loop filter
design program for Motorola MC145152
series synthesisers (and similar), plus five
other RF design programs, £4.99. El Syd, 20
Wingrove Hill, River, Dover, Kent.

Save money on drawer sets with

the BITSABOX

pieces
Drawer size
140 x.50

X 37mm

8! Somerset Road London E17
Prop. R.E. Davidson

PERSONAL CALLERS & TRADE ENQUIRIES WELCOME

MATINEE ELECTRONIC ORGAN, profes-
sionally built. As new, buyer collects, no of-
fers, £399. Tel Uckfield (0825) 4001.

AMAZING ELECTRONIC PLANS. Lasers,
super-powered cutting rifie, pistol, light
show, ultrasonic force fields, pocket defence
weaponry, giant tesla, satellite tv
pyrotechnics, 150 more projects. Catalogue
£1 (refundable) form Plancentre, Bromyard
Road Industrial Estate, Ledbury HR8.

BLEEPER ELECTRONIC SEAT BELT
REMINDER, flashers, full kit of parts, easy
fitting, £6.95 plus 55p P&P. C.w.o. Micro-
Tech Industries, Brighouse, HD6 1RD.

THE "INSTANT” BULK TAPE ERASER
Suitable for cassettes and all sizes of tape reels., ,‘

A.C. mains 200/240V. -
£9.50 95

Ideai all Recorders,
Tapes, Discs, Cassettes, Computers.
HEAD DEMAGNETISER PROBE £5.00.

MAINS TRANSFORMERS

Post
250 £1-

-1
2

P
5-8-10-16V, }A 24V 2} A Twic
oviA Zooel  sovik e 800
D A £3.50 £1 20-0-20V 1A £3.50 £1
e ma £1.50 £1  20/40/60V 1A £4.00 £2
£3.50 £1  250-25V2A £4.50 £2
9-0-9V 50ma £1.60 £1 28V 1A Twice £5.00 £2
100-10V 24 £3.00 €1 30vi3a £350 £1
10-30-40V £350 £1 30V 5A and ’
:gz;(zﬂma £2.00 £1 170-17V2A £4.50 £2
12V 2 T, £350 £1  35v2A £4.00 £1
-12V, 2 £3.50 £1  34-200-29-34V6A  £12.00 £2
16-0-15V 2A £3.75 £1 0-12-27V2A £3.50 £1

[RADIO COMPONENT SPECIALISTS]

DEPT. 6, 337 WHITEHORSE ROAD, CROYDON,

SURREY, U.K.  TEL: 01-684 1665
Post 50p i Callers Wel .\ -
Closed Wed. Same day despatch. VISA

Access-Barciay-Visa. Lists 31p.

UNBEATABLE PRICES FOR OUR ELEC-
TRONIC COMPONENTS, CMOS, TTL
Linear etc {eg NE555 12p; NE555 28p; Texas
Sound Chip SN76477N £1.75). Send sae for
full list —

CABINET FITTINGS

Fretcloths, Coverings. Handles, Castars
Flight Case Locks & Parts. Jacks, XLRs.
Bulgins, Reverb Trays. P & N mic Stands,
ASS Glasstibre Horns,

CELESTION POWER

Speakers

Send
30p cheque
PO. tor itlustrated
catalogue: Adam Hall (ET Supplies),
Unit B, Cariton Court, Grainger Road,
Southend-on-Sea,

COMPONENTS: Chassis mounting fuse
holders, 11p; 20mm fuseholder screwdriver
release 6.3A, 93p; 20mm fuses, mains, from
14p, anti-surge from 17p; Aerial split-
ter/combiner, from £3.33; Diodes, from 4p;
Capacitors from 10p; Light emitting diodes
5mm round lens: red 9p, yellow 12p, green
11p, red/green/yellow 32p. Resistors from
2p; Transistors from 13p. Postage and pack-
ing 50p. Send sae for details to: R&B Electi-
que, 3 Shute End, Wokingham, Berks, RG11
1BH. Mail order only.

ALL NEM COMPONENTS

0S
4012 - 8p, 4017 - 25p; 4019 - 14p; 4022 - 32p; 4023 - 12p;
4024 - 20p; 4025 - 12p, 4049 - 18p; 4071 - 12p; 4076
28p; 4081 - 10p; 4518 - 28p; 4520 - 26p; 4528 - 34p; 4557
140p; MES67 - 38p; SPX6 - 20p; 314A223 - 4p.

m
7400 - 6p; 7404 - 8p; 7412 - 8p; 7419 - 14p; 7414 - 20p;
7416FJ - 12p; 7495 - 24p; 741592 - 24p.

30p P+ Porder under £6. No VAT
V. BANSAL, 14 DAVll(GD.?% ROAD, HOVE. SUSSEX

BK13 10D
TEL: (0273) 732419

PUSH BUTTON TELEPHONE, 40 number
memotry, build your own for around £16 us-
ing standard components. Full circuit, plans,
and construction details, £3 (not BT approv-
ed}). Ms M. J. Ellis, 1 Wells Drive, Heaton,
Mersey, Stockport, Cheshire.

STEREOPOWER 120 WATT £10.85
Case + Controls + Sockets + Instructions
... Flbreglass PCB + Protected Outputs
. .. KIA, 8 Cunliffe Road, llkley.

TANGERINE OWNERS 40K CMOS RAM
Card, new options, including kit form and
prices. For details T H Microelectronics,
phone 0602 392965 evenings.

WHATEVER YOU'RE
SELLING DO IT
QUICKLY & CHEAPLY
Phone ASP Classified
01-437 1003

BROADCAST QUALITY FOR YOUR NEXT MIXER PROJECT

e Over 100 Audio Sub-Units ® Kit or Ready Built
Our new Mic & Mag Disc Pre-amps
incorporate the super low noise
Mullard/Signetic NE5534 IC.

All items listed are identical to those used in our
professional consoles

PARTRIDGE
ELECTONICS

56 Fleet Road, Benfleet, Essox SS7 5JN, England

, (LARGE S:A:E: PLEASE)
THE MIXER PEOPLE
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Get moving with these new developments in UK Robotics

— advanced electrohydraulic designs for
education, industry and now available
to the home constructor.

Heba™ 4l 15 a turtie-type robot whch takas programming  Rogotic experience is becomng as essential a subject as computing.
out of the two dimensional worlc of the VCU into the real  MICROSZRASP provides the lowest cost means of acguir ng that
three dimensional world Given a OT sapgly of 9-15v ncan  expanence but despite its ulira low price the robot has cons derable
perzim a bewldering number of maoves uncer computer  versatilty There are 5 axes each using a servo mplor and there is
cortral — ferwards. backwards le't ard rgnt — with each  feedback Tom each of the arm movements. Control 1s by any
whes ndependently controlled L has bhinxing eyes. bleeps computer with 2n expansion tus - the ZX81 being particularly s.itable.
with achowe of two tones and has a solenod pperated pen to Servoing is achieved with hardware on the interface board to keep
Chest its progress Touch sensor:. couplec to t:s shell return programming simple and 'he robot 1s operated under BASIC
datz. about s environment. 1o thecomauter toritto calculate  commands with no computer specific software required. The interface
evasive or exploratory action. Hebot If conrects drrectly to board 1s memacry mapped using only &4 bytes at any ¢f 1024 swilch
an ‘O port or alternatively with the universat inerface board  selectable lccations.

10 the exparnsion bus of a ZX81 or other cemouter MIZRQGRASP robot kit with power supply £145.00
Universal camputer interface hoard ki £48.50
23 way edje connector £2.50
Zx31 peripheral/RAM Pack splitter beard £3.00 MICROGRASP, INTERFACE BOARD AND ZX81

printing, call te machine code routines, hexadecimal support and user-
friendly textual error trapping messages.
If computers interest you then the Cortex will expand your under-
standing infinitely more than off the shelf machines. Use it in
business, education, research or just play with the incredible
graphics capability. At Powertran we are using these machinesin
conventional roles, in product control and R & D. We shall co-
ordinate the Cortex user group and distribute software for the
. £ E . 7 TMS 9995 CPU. Complete 16 bit 64K computer kit £295.00 +
Up ta the nano-second hard. firm and software % : VAT. Complete 16 bit 64K computer ready built £395.00 + VAT,

Mega Hertz 16 bit CPU; 64K upwardly compatibl®
DRAM; separate 16K video DRAM and 24K TI Powe
Basic with overwrite. Supports up to four Disc drives
mixed type with 16 serial I/0 ports. Programmable Baud
rate and comprehensive E Bus interface designed to
support real world applications.

Very high resolution graphics gives 3D simulation in 16
colours on 36 prioritised planes of user definable characters.
Software FORTH coming includes this trendy language along
with NOS C/PM.

Hardware components available separately with details in Nov,
Dec, and Jan issues of ETI. Software features inciude: Real time
clock. full renumber command, butfered I/0 to free machine whilst

Top of the range is the Genesis F102 which has dual speed Elampl_e"pri'qes and With.grices{s:tan;;g bellom:ll.oootthe (getr)esisf rar;ge‘ahof %ene;al purpgseéobtcuts

3 7 I specifications provide a first rate introduct on to robotics for both education and industry.
COPMO" \cfontilnuous Zervo opevat’trll(;n a_md %OUble acting & = G Each has a seit-contained hydraulic power source. which enables loads of
cylirgers for increased torque or: the wrist and arm rofat on - Genesis several pounds to be smaootaly handled. The system operated from a single

A o - Base 195" x 11" x 7.5"
joints. Tne microprocesso- nased control system has addi- Lifting caacity. 1500gm

tional memory, position interragzticn via the RS232C inter-  Arm it 66"

phase 240 or 120V AC supply or a 12V DC supply. The machine can be supplied
with up to 6 axes 2ach of which ig fully Independent but capable of simuitaneous

A hr com : Weignt: 26Kg operation. Posinen contro is achieved by means of & closed-loop feedback
face 'nc'4e‘18|ng the ve(sat|||ty Of pF‘te’ control and inp.its 4 axis model in kit farm ga25 System based around a d=dicated microprocessor. Movement sequences can
are provided for machine taol interlacing. 5 axis model in kit farm £475  be entered. stored and rep aywd by use of a hand held controller, alternatively the
6 axis system READY BUILT £1956.00 systems can alsc be intertaced to an external computer via a standard RS 232C
Poweriran CORTEX 16 it 64K computer K.: £295.00: READY BUILT £395.00 Genesis P101 nK.

(Eletronics Today Internal cnai Decwriber 1ssue on CORTEX) Base: 198" x 11" x 7 §"
Lifting cagacity: 2060gm
- Ml ﬂf Arm lengths between axles 14.0"
. Weight 34Kg

4 axis model! in kit torm £675
6 axis model in kit form £595

Complete Systems as shown in
Pholograph above

Genesis $S101

4 aws system in kit form £681.50
5 axis system in kit form £737 .50
5 axis system Reacy Built £1450
Genesis P101

6 axis system in kit form £945.00
6 axis system Reacy Built £1650

Ali prices exclusive of VAT

GENESIS P1(12 PFOCESSOR BOX, HAND HELD
CONTROLLER AND CORTEX COMPUTER

GENESIS $101 ANC GEMESIS P101 WITHPROCESSOR BOXES
AND HENLC-HELD CONTROLLERS
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unlimited vocabulary.

# Can be used with unexpanded VIC20 or ZX81 —
does not require large areas of memory.

# In VIC20 version, speech output is direct to TV
speaker with no additional amplification needed.

» Allows speech to be easily included in programs.

Complete kit only £24.95.

Order As LK00A (VIC20 Talk-Back).

LK01B {ZX81 Talk-Back).
Full construction details in Maplin Projects Book 6.
Price 70p. Order As XA06G (Maplin Mag Vol. 2 No. 6).

KEYBOARD WITH ELECTRONICS
FOR ZX81 :

* Full size, full travel keyboard that's simple to add to your
ZX81 (no soldering in ZX81).

* Complete with electronics to make “Shift Lock”,
“Function” and “Graphics 2" single key selections.
wPowered {with adaptor supplied) from ZX81's own

standard power supply.
Full details in Project Book 3 (XAO3D) Price 60p
Complete kit {exc!. case} £19.95. Order As LW72P
Case £4 95. Order As XG17T
Ready built-in case £29.95. Order As XG22Y

OTHER KITS FOR ZX81

3-Channel Sounds Generator (Detalls in Book 5).
Order As LWO6E. Price £10.95.
ZX81 Sound On Your TV Set (Details in Book 6).
Order As LKO2C Price £19.95.
ZX81 170 Port gives two bi-directional 8-bit ports
(Details in Book 4)
Order As LW76H. Price £9.25.
ZX81 Extendiboard will accept 16K RAM and 3 other
plug-in modules.,

PCB Order As GBO8J. Price £2.32.

Edge Connectors (4 needed).

Order As RK35Q. Price £2.39.

HOME SECURITY SYSTEM

Six independent channels - 2
or 4 wire operation. External
horn. High degree of protec-
tion and long term reliabihty.
Full details in Projects Book 2.

{(XAQ2C) Price 60p
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Post this coupon now!

Please send me a copy of your 1983 catalogue. | enclose £1.50 (inc p&p).
If | am not completely satisfied | may return the catalogue to you and have
my money refunded. If you live outside the U.K. send £1.90 or 10 International

Reply Coupons.
Name

I

I

I

: Address
L

Now your computer can talk!

* Allophone (extended phoneme) system gives

SPEECH SYNTHESISER
FOR Z2X 81 and VIC20

THE MAPLIN TALK-BACK

WHY D0 YOU
KEEP LOOKING AT
ME LIKE THAT ?

MATINEE ORGAN

Easy-to-build, superb
specification. Compar-
able with organs selling
for up to £1000. Full
construction details in our
book (XH55K). Price £2.50
Complete kits avatlable '
Electronics (XY91Y) £299.95*
Cabinet (XY93B) £99 50"
Demo cassette (XX43W)£1.99

* Carrtage extra

25W STEREO MOSFET AMPLIFIER

‘/, o

* Over 26W/channel into 802at 1kHz both channels driven

* Frequency response 20Hz to 40kHz + 1dB.

= Low distortion, low noise and high reliability power
MOSFET output stage.

= Extremely easy to build. Almost everything fits on main
pcb, cutting interwiring to just 7 wires (plus toroidal
transformer and mains lead terminations).

= Complete kit contains everything you need including
pre-drilled and printed chassis and wooden cabinet.

Full details in Projects Book 3. Price 60p (XAO3D).

Complete kit only £49.95 incl. VAT and carriage (LW71N}.

BUY IT WITH MAPCARD

Send now for an ’ —
|

apphication form — then
LMAPLIN privileged accoun holder ||

buy 1t with MAPCARD.
MAPCARD gives you
56790013
M SMiTH

real spending power —
up to 24 times your
monthly payments,
instantly.

Expiry Date OV 79

All prices mclude VAT & carnage Please add 50p handiing charge to orders under £5 total value

AAPLIR *

MAPLIN ELECTRONIC SUPPLIES LTD.

Shops at:

E

e

YOUR
FILES ARE

MAPLIN'S FANTASTIC PROJECTS

Full details in our project books. Issues 1 to 5: 60p each.
Issue 6 70p
In Book 1 (XA01B) 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.
In Book 3 (XA03D) 2X81 Keyboard with electronics ®
Stereo 25W MOSFET Amplifier ® Doppler Radar Intruder
Detector ® Remote Control for Train Controller.
In Book 4 (XAOQ4E) Telephone Exchange for 16 exten-
sions ® Frequency Counter 10Hz to 600MHz @ Ultrasonic
Intruder Detector ® 1/0O Port for ZX81 @ Car Burglar
Alarm ® Remote Control for 25W Stereo Amp.
In Book 5 (XAO5F) Modem to European standard @
100W 240V AC Inverter ® Sounds Generator for ZX81
® Central Heating Controller ® Parmc Button for Home
Security System @ Mode! Train Projects @ Timer for
External Sounder.
In Book 6 (XAO6G)* Speech Synthesiser for ZX81 &
VIC20 ® Modute to Bridge two of our MOSFET Amps to
make a 350W Amp @ 2X81 Sound on your TV @ ZX81
Interface for Modem @ Scratch Filter ® Doorbell for Deaf
® Simple FM Tuner* ® Damp Meter®
*Projects for Book 6 were in an advanced state at the time
of writing, but contents may change prior 1o publication
(due 11th February 1983).

MAPLIN’S NEW 1983 CATALOGUE
25

Over 390 pages packed
with data and pictures
and all completely
revised and including
over 1000 new items
On sale in all branches
of WHSMITH Y4
Price £1.25.

P.O. Box 3, Rayleigh, Essex SS6 8LR
Telephone: Sales (0702) 552911 General (0702) 554155

Note: Shops closed Mondays

159 King St., Hammersmith, London W6. Telephone: 01-748 0926
284 London Rd., Westcliff-on-Sea, Essex. Telephone: (0702) 554000
Lynton Square, Perry Barr, Birmingham. Telephone: (021) 356 7292



