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Powaertran‘s biack boxes sre packed with punch. Not only are they superb kits to buy and
build they really do the job! Imaginative and ingenious design goss hand in hand with top
quality materials and outstanding performance capability. With their smart black styling the

kits harmonise visually as well as musically.

Your can bullt each unit independantly for its sot task and then gradually increase your array

until you have a complete bank of formidable controllable power.

MPA 200 is a low pnce, high powel
100W ampliher . Its smart styfing, profes-
sional appearance and performance,
make it one of our most popular
designs. With adaptable inputs the fmex
o accepts a variety of sources vet
straightforward constfuction makes o
ideal tor the first-time builder

Compiete Kit — 49 90+ VAT

1 Proesmped §HROMATHEQUE 5000 a

! channel tghting system powerful

GO OOOOLC enough 1o professional discos yet con-

" trollable for home-effects. Sound to

light. strobe 10 music level, random Of

sequential effects — each channel can

handie up to SOOW yet minimal winng

needed with our unique single-board
design.

ET1 VOCODER — 14 channels, each
with independent level contsol, for max
imum versatility and Intelligibifity, Two
input amplifiers — for speech/excitation
— pach with level control and tone con-
trot. The Vocoder s 3 powerful yet flexi-
ble machine that s interesung to buid
and thanks to our easy to follow con-
struction manual, is within the capabiity
of most enthusiasts

£175.00 « VAT

SP2 200 twace the power with two of the
rebable, durable and economiC amps

, from the MPA200;, fed by separate
power supphes from a common toroidal
transformer. Superb finish and quafity
components throughout — up to leven
overl) the standard of high priced
factory-built units

Compiete Kit — £64 30+ VAT

DJ90 Stereo Mixer — this is a really versaube
new mixer that enables the constructor DJ to
produce a professional performance every
time. There are two stereo inputs for magnetc
cartndges, a stereo aunikary input and mike

put. Other ‘plus’ features are auto-panning for

oA
o ‘j_‘

fast or slow, shder controls, mult-moung,
ducking, interrupt, iInput modulatsn, n short
everything. . .the whole works AND

under £100 complete! (Weo nave dlustrated the
DJ teamed in our own console with the
Chromatheque and an SP2 200 and speakers

Complete Kit — [97.80+ VAT

liite aamply ne e

Digital Delay Line — our latost kitl With its abdity t0
give delay times from 1.6 mSecs to up to 1 6 secs.
Many powerful effects incling phasing, flanging,
A.D.T., chorus, echo & wbrato are obtained. The
basic kit is extended in 400 m$S steps up to 1.6 secs
Simply by adding more parts to the PCB. Compare
with units costing over £1,000! Complete kst (400 mS
delay) £135. Parts for extra 400 mS delay £9.50p

8 Money Bach Guarenies ]

WiRTaAl

.:!mmnuuo Kip = To seest P e ol wOph. PN
lal (s g — — | : .
. n{]l?-&- ! ® Compener schs L ;A wp
Y & 11T T
. i [ - - ® Ordering
Bl e L el ik |

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3NM. {0264) 64455.

WORLD LEADERS IN ELECTRONIC KITS




EDITORIAL AND ADVERTISEMENT OFFICE

145 Charing Cross Road, London WC2H OEE. Telephone 01-437 1002/3/4/5.
Telex 8811896.

Ron Harris B.Sc Editor
Peter Green: Assistant Editor
Tina Boylan: Editorial Assistant

Rory Holmes:
Phil walker:
Alan Griffiths: Advertisement Manager

Project Editors

Paul Wilson-Patterson: Group Arnt
Editor
T.J. Connell: Managing Director

PUBLISHED BY

Argus Specialist Publications Ltd

145 Charing Cross Road, London WC2H OEE
DISTRIBUTED BY

Argus Press Sales & Distribution Lid.

12-18 Paul Street, London EC2A 4)S

(British Isles)

PRINTED BY

QB8 Limited, Colchester,

COVERS PRINTED BY

E— e ——————— — — TR
= — - FEATURES
DIGEST ..9 READ/WRITE . ..54
News at nine Cet it off your chest
ELECTROMUSIC TECHNIQUES .17 IGNITION COMPETITION . .. . ... 61
Circuits to experiment with Bright sparks might win it
CRIMSON COMPETITION 33 10thBIRTHDAYSUPPLEMENT ... ...63
Win yourself a hi-i Happy birthday to us
KITREVIEW . ’ 35 BIRTHDAYCOMPETITION ........64
and buuld some speakers for |t Win a decade’s subscription
- * AUDIOPHILE s g 88
Putting on the stylus
VERO COMPETITION m
Some prize boxes
MECHITIE SR o B B o Wi b 113
A smattenng of readers’ curcmts
CASIOCOMPETITION . .. .. ... e 1117
For eool, calculating types
DESIGNER’S NOTEBOOK ENTRYFORMS ... . ........ ..133
Sample our delights Only one cut required
PROJECTS -
ACCURATE VOLTAGE MONITOR . ..23 ROBOTCONTROLLERPART?2 . 94
Check out your battery For producing PWM
COMPUTEREXPANSION . . ... .. .. 26

This'll blow your EPROM
AUTOMATICCONTRASTMETER . ..
Something unusual
for photographers

39

plication to ETI Subscriptions Department,
513 London Road, Thomton Heath, Surrey
CR4 6AR

.

ETI APRIL 1982

Alabaster Passmore s
3
OVERSEAS  AUSTRALIA — Roger Harrison ;-
rﬂt'u’g:ds E?:»Q% k Hal;ovvc&x)nhead 4 SOLIDSTATEREVERB ....... .... (1]
= f T - It's great-eat-eat-eat
EDITORS HOLLAND — Anton Krie § 8
Bl CAPACITANCE METERPART2 . . . .. 108
e We conclude with the construction
ABC| AuditBureau F 4 SOUNDEFFECTS2 ........... 118
of Circulation ~— Steam train and whistle
g'c(tvw;'.: lodavhh normally Dl.‘..-».—-d."ﬂn"gﬂ'elr:“!? GU'TAR PRACT'CE AMP ......... 121
Sechain PUB et e e st | | SOUND EFFECTS 1 . .. 50 Cheap, and keeps your neighbours
1o worldwsde copyright protection All feasonable care Bomb dl'Op and exp|05|on cheerful
e pumtrar anno b herd ety oigonine | HIGH IMPEDANCE 100 MHz PROBE .57 FOILPATTERNS .. .. ... S ... 136
e stk do occur. s conectonwil | Top flight test gear This 1s where our boards find lodging
All praces and data comamned in advettivements are a¢ -
Cepted byl- uk .n:'oo?’h::; a’.c.:m:_u 1;:::&::»;:‘.3
‘h:'la‘r:;;:;'b'lo f:o::vf‘wf:r any n?.‘.‘u-om -!I:chng IN I:(:) R MATION
prec® of svarlabiity whech may occur after the pubiica
ton has closed for press,
NEXT MONTH'SETI .. 15 PCBSERVICE . ... R
St”b“’;\"m" R‘“‘;" U: En [95 including I Ever onward, ever better Why mess with ferric chlor:de?
P T ET) & b o 18 UPON 3P § B yOIK SERVICE . .31 SUBSCRIPTIONS .. .. ... .. 125

Read all about it Advance booking

*

3



--:-n-mm-m-::-u:n-_m-mm- | veggassssdztsnastvac xagagezeERsLEEREFRREARPoCIsLLIRLY --mmmuummmmmmummumm

i poMitTIaae | 8t 3 ghast 331i
LT T e s | EslRnEEIN s s WG

un-mu:----.-nun-:--mwmwmmﬂuummﬂ-nﬂ-.-mmunlulo.-.u-..-u-u- Trpexsesesss vbiving eanazseaty ,.-un-uu--.-u.-nm.n-:-ﬂnu-uunanu»unn--..
1z S2503880588077 35395 771 SPRRFE1258E20E
muwuunmhhmmumm Wn-nﬂ_mumﬂ?ﬂ ..u J..Jﬁt: ...w.....iﬂ..t...dnﬂ;

i s | | o |

SNSTTRCCARIFERCERITPSARONREERF FReILAR AR eRRIGURAFIETIT —
e Tt s | | 5 | 3 meeennanssammetam | B
m-u_mnmnmmmxu.:m mmmmu.: mmmmmmm m mmmwm,zmmw:m. i .,:.:.:::.E.:.::.;.:::.:.nz..:_:.::.:... sesseizppyrgesss

nnnnnaa- .. - -
355833IERER39320088IRTESIITCNSISILINSET 00 -unmm.-:.:.-:.-" m“”muum-wm i mmwmwm“"“nmmw"mn"mmmmmnm:uwm n-wmmm”m.mnm m«m“u&ummw_

uu. M.q m S3T2RSRIRRIACAIZANRALRPACERS n-:.nnn-::-:--mn-n:mmqnnu:m“““uhad
e A B IR AT 3 | B nusmmmmm s
....N.Uu.»n.......nn-nunnm..-...n.mmJumm.m.-" T T e S e T T L L T T L

2 N kder 8 mm- . A 88 .

ittt iSRRI | witnmsaE e
spz2rzyasrsigeny anunﬂumn.HQNQD— nnnn.l-'ulunn Y] m. ; i -m-n-m-_uﬂ--F-‘--'n TU LG
...mu.-mn mu.n a.uvm.«-«
:z..uumw_

iaag iyl Gieriisbtanse azmmmmmmumwwmnmwm. fiiii! I T T F P e LN mm“:_“...w._ sudi!
m e

mv

-annu-u-uu-uuu AR P2 ILPCEIRPIIRLRITRINR m u«uu:u:u:: -: 18824 unn..'
....:-..._.;.::::-:::::.:.....::._:_. -3._..::_..._:.....

2yl Sade¥Rinaibieciesiaigse
P85 % (MUY CYUBREN NN :-ul_

w .»u. : i 1 1gtaees p2aAENE THR

] s 2] .

l‘lh
| ARl
)
o
-
o
e o]
e d
osd
il

ol

.

we

[ Y . ol st et tance e bttt il
224 f1esl i el - m...mammm.......~..._.-....m..n..u " T T R TG TIQ I
m 1., mnwmm m—n —uuuww”».tm»:: _.:: iz, sty : o
= __ T m ¥ { _k: ape] vyt | fesibbbetvbi w._m:mﬁrz | M m mm.m ‘
m q“ i uw MM 1 w 1 ¥ m BESSSRSEEELELIONL u.:u:.:,.- SReZIEIIBEISIENS
= it Fliaq .,,.,_a HE ut _
o _m m Qi s : mwm ~£ m mz m AT ..mm“.m.:m_: Bsnmpsainitizdthisaniddt
P | mm s“mp § mm ii w—— vw T . mu-w-m-nu-n-n xsrssrsppgranaans| =
- m b § s mw” w r . m~ b gseem “ | sgisgttions
= 5 il 14 {6 feesna | @ menmindi __E.w.:.& o] &
ok m ! ’.n _.wm AR g3z2si AL .: m“.“.m“umm.:m
3 |3 1+ T p |
— i i wu ” LR LT w. it Al Hittihith
m mm.. pm - 3 MMm ..mmmww mm uuu-uuu-o-o.o.‘”c“.'..nn..n'-uu mm M:n.m.mu_
p Anlec! 38ess s Fremtusenmnnttnl R0 01 2] 3 5011

ETI APRIL 1982



i =_: ) “.,.w% fi 10 00 TRt L m:::.a__x LT T R T
Fa R BRGHT R R o
ol i il v 1 R 11 ol ___ A SV RN iyl b
P Y L & it [55 (ERRR L) : | i __m : mma i u i mm_m 14 i 1l
m-» m.u.:..l.:.:..........:.........:;..:..E_m mmmmmx E: m “memww~me. mmm_m ma _www
o R T fallree 3 i
Fuadstiteait v Bttt bt tolanitt | § 51T b el .E i "l
AN 1o nn TR “M m_-u._ = a;.“- . rm-cm. w& umw.wq-mm mh BEeeibhet mh.m.m m szl
Jmuuns wn g i : 1. | ¥ :m:n;m Bri2Tacpieasesadegyy e {11 aesises B
WMbﬁwm 20 24 e2px 2222 g mmww M _“m” m m&.m- _h.-m~ mac— - M _M- ~ m m hm _ “ 5 *Wh m u“. m mmm.”wm- mmm
- ___f SRR B4 ] m..___ i M:z} | RN ___._::_;_
ol Eommens o B cll 3 [ 2 JIAEEEE el £ A0 03 atd] 3 lfi | m_“ bt
o I O I T e eyt 1 | SHEEEE G P __m.“ Hig
TR e 1iele ; i3l Jgp m__ RIE IR _%n.:_n“_.. y
il o 1 F m FEEEEEEESS . M “.“ B M"E_m_ b _“.:_—_m ~.~_ __
L LT s TP T § ]2 Ltk sl | m THIHHIE
2 ?-.2. LK 5" _.—m:- it N gon mh w- :w?m~ muww“mm -mmmm- ¥ RT “*.._z _— u...:,wn
m-::. | 1 w:: {lazssaenage i ,._ 333 °4 2114 .mw_m .mﬁm it |< 3 _ “338
) 1) et P R 6 L
§ a8 R : “ :.:: - Bros waon & oe8s oo ...i ti
t — & m .7 2 .nnn.nu.-.u -m —-mm:-nuﬁum-m- s ig
b i s Puglor v § 1 (b e
i e e, _é | Sra——— SHE ?F:EL il i m..; sssfiliinl]
imm: :,r -ii] sl 12 vt T o g R R :
o ~u.~u & :-..b mu“w —=~== _ § mm mtha wsmz mnnmmumn_m-m.-mm-:.mum.;-..-:«-m-n-:--:n:-n-.- gsave
.m. m.mm a; .: w.: 1 ._._w” w:..ﬁ RN E UL R R T HHHH) (i
" o bl ) L _,. TS YT T
.n.v ”mh:w mﬁ uuu.m —.m,z __ ‘24¢ Mmmmu.— mwmm wunmmm TIIPRATTIITRINIITLAACLANICILOPSOLE IRSEETOL exsRarERERRTgEea Juanan
it scieeieReatt Sekk Dogkik 439 ._== Juisd |28tk ] E mm.m m:::x LRI I S e O e T B OGS

ET APRIL 1982



Sinclair ZX81 Personal Comp

the heart of a system
that grows with you.

1980 saw a genune breakthrough
the Sinclaw ZX80, world's first com-
plele personal computer for under
£100 Not surpnsingly, over 50.000
were sold,

In March 1981, the Sinclair lead
increased dramatically. For just
£69.,95 the Sinclair ZXB81 offers aven
more advanced facilities al an even
lower price. Initally, even we wefe
surpnsed by the demand = over
50.000 in the first 3 months!

Today, the Sinclair ZX81s the
heart of a Ccomputer system You can
add 16-imes more memory with the
ZX RAM pack The ZX Pnnter ofters
an ynbeatable combination of
pertormance and pnce And the ZX
Software hbrary is growing every day

Lower price: higher capability
With the ZX81, t’s still very ssmpie to
teach yourself computing, but the
ZXB1 packs even greater worlung
capability than the ZXB80

It uses the same MUCTO-ProCesSOr
but incorporates a new, more power
ful 8K BASIC ROM = the “trained
intelbgence’ of the computer. This
chip works in decimals, handles logs
and tng, allows you to plot graphs
and buillds up animated displays

And the ZXB1 incorporates other
operation refinements = the facility
10 ioad and save named programs
on cassette, for example, and tc
dnve the new ZX Printer

BASIC manual

-t g chgreherive WHECdly aviten

New

Lvory Jngt

Kit:
£49.%

Higher specification, lower price -
how's it done?

Quite simply, by design. The ZX80
reduced the chips in a worlang
computer from 40 orso, 10 21 The
ZXB1 reduces the 2110 4!

The secret ies in a tolally new
master chip, Designed by Sinclasr
and custom-built in Britain, thss
unigue chip replaces 18 chips from
the ZX80'

New, improved specification

©® Z80A MiCro-processor = New
taster version of the famous 280
chip. widely recogrused as the best
ever made

® Umigue 'one-touch’ key word
entry: the ZX81 eliminates a great
deal of tiresome typing Key words
‘RUN, LIST, PRINT, etc.) have their
own single-key entry

® Unigue syntax-check and report
codes identity programming errors
immedately

® Full range of mathematical and
scientihic functions accurate to eight
decimal places

® Graph-drawing and animated
display faciities

® Multi-dimensional string and
numencal arrays

® Up to 26 FOR/NEXT loops

® Randomise function - yseful tor

games as well as senous apphcations.

® Cassette LOAD and SAVE with
named programs

@ 1K -byte RAM expandable o 16K
bytes with Sinclair RAM pack

@ Abie to drive the new Sinclair
pnnter

@ Advanced 4-chip design: micro-
processof, ROM, RAM, plus master
chip = unique. custom-built chip
replacing 18 ZX80 chips

Built:
£69.%5

Kit or built =it's up to you!

You'll be surpfised how easy the
ZX81 kit is to budd: pust four chips to
assembie (pius. of course the other
discrete components) - a few hours’
work with a fine-lipped soldenng iron
And you may already have a suitable
mains adaptor - 600 mA at9 vV DC
nominal unregulated (supphed with
buwilt version),

Kit and built veérsions come com
plete wilh ail leads t0 connect 10
your TV (colour or black and whwte)
and cassetle recorder

ETI APRIL 1982



16K-byte RAM
pack for massive
add-on memory.

Designed as a complete module to
fit your Sinclair ZXB0 or ZX81, the
RAM pack simply plugs into the
existing expansion port at the rear
of the computer o multiply your
data/program storage by 16

Use it for long and complex
programs or as a personal database
Yet it costs as littie as half the pnce
of competitive agditional memory

With the RAM pack, you can
also run some of the more sophisti-
cated Z¥. Software - the Business &
Househo!d management systems
for example

—{ (g | — | [
Z X8I

6 Kinge Perade,

Cambridge Cambs  CB2 1SN
Tol: (0276) 66104 & 1282

APRIL 1982

Available now
the IX Printer
for only £49.%

Designed exclusively for use with
the ZX81 (and ZXB80 with 8K BASIC
ROM,), the pnnter offers tuil aipha-
numMmencs and highly sophisticated
graphics

A special feature is COPY, which
pnnts out exactly what is on the
whole TV screen without the need
for turther intructions

At last you can have a hard copy
of your program hstings - particutarty

How to order your ZX81

BY PHONE - Access. Barclaycard or
Trustcard holders can cail

(01-200 0200 for personal attention
24 hours a day, every day

B8Y FREEPOST - use the no-stamp-
needed coupon below. You can pay

usetyl when wnting or editing
programs,

And of course you can pnnt out
your results tor permanent records
or sending to a tnend

Pnnling speed is 50 characters
per second, with 32 characters per
line and 9 nes per vertical inch

The ZX Pnnter connects to the rear
of your computer — using a stackabie
connecior $0 you can plug in a RAM
pack as weil A roll of paper (65
long x 4 in wide) is supphed, along
with tull Instructions

by cheque. postal order, Access,
Barciaycard or Trustcard.

EITHER WAY - please allow up to

28 days for delivery. And there's a
14-day money-back option We want
you to be satisfied beyond doubt
andwe have no doubt that you will be

o= ——————————————— ———

To: Sinciar Ressarch Lig, PREEPOST , Camberiey, Surrey, GU1S IBA Ordar
l Sy Mem Code NM"\\'.. 10:. |

Smcige 2B Penncagl Computer it(a) Price nciuces

2X BASC madustl #aChucdes Meing edsg 49 94
Reedy-essembind Smcer I K8 Personal Computerts)

Prca vatiuies 2N BASIC manus! 870 Mens 80a0N0r 11 66,95

Aheeng Acapeoria) (800 mA 81 9 ¥ DC nomenas crveg & a0

160 AYTE RAM pack | 0 04

Sincipr IH Prries 14 40 93

B BASIC ROM 1o it 2 X80 1904
Pn—".ﬂrn_’. 298

[ Prease tick it you requsre o VAT rece:pt

Name: Mridry/Miss
Addgress

% enciose a cheque/postal ordes payabie 10 Sincialr Research g, tor £
“Mease charge to my Accesy/Barclaycerd’ Trustcard sccount no.

|
|
i
|
|
|
TOTAL & |
[
|
|
|
|
|

LFR!!FOST =no slamp nasded. Offer spphes to UK ondy.



COMBINED FORCES!

South East Computers PLUS Castie Electronics can now offer you Unequalied

Service - at Supermariket Prices!

%m; ) usga%megl
sevr @ v
® £[‘9

SCasette Dech now svadabie Lid 98

BRITISH DESIGNED
Acom Aton'\ PERSONAL COMPUTER

C UTERS
‘eumis\ TANGERINE s

microtan .. o

ARE FULLY s a0n ¢ 348 00
GUARANTEED "o Af Acommarses
BUY VATH
CONFIDENCE

TANTEL PRESTEL ADAPTER
e hold § compiete stoch ItUIm? ALL PRICES
(34 e stoch o '
Tongri e squapment_ Send SAE o INCLUDE VAT
Phorve for detasiy

COMMODORE g0 m
PET o

BUILT-4N SOUND-
z.%.‘al HIGH RES. GR APHICS’
DA DIATE

- g
Comglete renge of PET Dl:':'l"tl‘

oguipment = Stock

‘I.‘:‘i . Yesupurs Toown d‘ﬂa-
o - ;...' .._.’lp...“...' ....' e Sswoch Al the Goodees for Appiel

ALL PRICES INCLUDE VAT : ACCESS & BARCLAYCARD WELCOME
ORDERS NORMALLY DESPATCHED DAY OF RECEIPY

MicroComputers for Business
ﬁmgﬁ/ﬁg el ﬁman@fﬁ Pachage B

ALTOS MULTI-USER

/ SILICON “‘ HARD DISK SYSTEM ALL PERSONAL
I'-wi OFFICE SYSTEM ALTOS 8000/10 C ‘-m-;; tet wi (E:goullJRTlEE';_
g ¥ My Heg D"i Contact Paul Brown

bvte Memory {4 users)

or Sam Wright on
Hastings {0424}

437878
| x UK MGToline 83A Frinte ';Faﬂ'."v C““.
SEC BUSINESS SYSTEMS SUPPLY A WIDE RANGE OF EASY.TO.OPERATE SYSTEMS AND PAO. Eeevoaie)
GRAMMES TO MEET ALL OF TODAYS BUSINESS NEEDS + FULL RANGE OF COMPUTE FOR ALL

R PR TS ING MENT AFTER SA AV
ELATED PRODUC * LEAS AGREEMENTS ¢ PULL T LES SE CE BUSINESS

Hastings ‘0424

15CASTLE STREET, HASTINGS, EAST SUSSEX TN34 3DY DEPT.ET4 426848
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NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS

ETI PRICE DECREASE

Readers will have no doubt noticed (painfullyl) the cover
price increase on this issue of ETI. We apologiss for this,
but are happy to sy it is ONLY FOR THIS ISSUE and the
price returns 10 75p with the May issue,

The one-month jump was made necessary by the sheer
size of this special issue. We hope you will agree kt is worth
it. If you could see the price of paper these days..(maoan,
moan),

Thank you for sticking with us through thick and thin...
(and 10p1)

Tweeters That
Go Cheap ‘

ell, not pust ¢
Wlad. Mullard have a2 0 W
speaber system comisting of an §°
wooter as well 23 2 high-power tea-
tile dome tweeter. They lorm part
ol 2 new low-price. two-way, sell-
build avdio’ it (whew!) being
marheted by BK Elecironics. The

AK Ulectronics crossover vmit have
been combuned with spring-loaded
terminah and recessed mounting
panel The complele system. when
built isto the 23 litre enclosure, s
capable of handling 40 W gomior-
lably. All thas (ot the small sutlay
of £93.90 plus VAT and £1.50 car
rage per bit] Get yours aow from
BK Llectronics Lid, 37 Whitehouse
Meadows, [artmood, Leigh-On-
Sea, Luses $99 §TY

Tempus Fugit

r's felt 2 litthe uncomiorisble working im the [ T1 otfic e this month, must

be something to do with the s.a¢ hm and ashes we'1¢ wedring. During
the Lait lew lnsues several of our reviews have leatured Casio products,
but we have comunitently Lailed 10 credit the company which lent us the
review models. The bindiy folk in question are Tempus of 30 Burleigh
Streed. Cambridge CB1 DG and we'd like to thank them los all the help
they've been giving us. Tempus are keading Cawo specialists and i there's
wmething from Casio yow're having problems obtaining, they will
doubtless be a1 nite to customers as they are to v

Sun-Day Driving

Volhswagon Dasher car is presently being tested Carrving & rooksach

of ALG-Telelunhen whar modules which convert solar energy direct-
ly into electric current. The small 160 W ‘solar power plant’ of the test car
complements the dynamo and charges the battery. This means that tuel
consumption can be reduced by approtimately live percent As yel the
cost of manulaciuring these swolar paneh makes them uneconomical to
use, but with the rivsng prices of fuel i in loresecable 1hat lowpriced solar
teneiaston will enter the market. Not only thal. luture car generations
will mahe increased use of electricity, for erample with automatic start-
stop devices and pollulion-iree electrical energy tor alr conditioning in
cars in warm countries. Great ldes = but where will you put ihe luggage!?
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Heading For The
Top

eadphones seem 1o be getting
lighter and smalier these days.
o Seanheuer, thit wellhnowan
manutacturer of headphones. has
decwded to launch a pain of theu
own lightweight ‘phones. The new
model HD 40 1 1000 to be relessed
in the UK and weighs only 60 gram-
mes with aatrermely light gcontact
pressure. They can be suppled
with either 2 thiee or wven metire
lead. the seven metre variety incor-
ating 2 volume control in the
ad w0 thal you don’t have 1o
march all that way bach to the amp
it ity 100 lowd Another teature s
that each ear-pieee can be tevoh-
od on the headband by 90 degrees
i you have a lunny shaped head or
M you mant 10 store them compaci-
Iy (1) The Seanheiser HD40 will be
Lunched bn the UK with 2 g
gested selling prige. Including
VAT, of £18.35, For those of you in-
terested in technical specx fre
quency response b 22 to 18,000
Hz. impedance s 600 ohms,
characteriatic SPL i %0 dB and
distortion factor < 1.3%.

Electroware,
OK?

K Maghine and Tool (UK) Lid

have lavnched 2 new divison
abmed at providing the elecironics
use? with 3 really wide range ol
electronic hardware. All the pro-
ducts i the range will be available
1o everyone wolved in building
electironic equipment — that in
cludes englaeers, students,
teaching stall, labovatory techad-
ciam and. not least. the bobbvyist,
The $0page Calalogue contans
vartous products selected from
ON's bench tool range plus
wome new ey = and includes
soldeting Hons, wire-wrapping
bits. 1C r100ls. PCOs. cases,
enclosures, conneclors, sochels
and test insiruments to name jusl &
few. [lectromare b distributed
theoughout the UK by leading elee-
tronilc and computer stores
Catalogues are ftee, but send Wp
tor postage and paching I you
ward any turther informalion or
one of thesw catalogues contact OK
Maching & Tool (UK) Lid, Outton
Lane. Lastiesgh. Mants 30§ 4AA,



Lack of ZX81 memory
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The Memotech 64K Memopak

The growth of interest In computer use caused by the introduction of the Sinclair ZX81 has made new and
exciting demands on the ingenulty of electronic engineers. At Memotech we have focused our attention
on the design of an Inexpensive, reliable memory extension

The Memopak Is a 64K RAM pack which extends the memory of the ZX81 by a further 56K. Following
the success of our 48K memory board the new memory extension is designed to be within the price range
expected by Sinclair users. it plugs directly into the back of the ZX81 and does not inhibit the use of the
printer or other add-on boards. There is no need for an additional power supply or for leads.

The Memopak together with the ZX81 gives a full 84K, which Is neither switched nor paged, and is
directly addressable. The unit Is user transparent and accepts such basic commands as 10 DIM A(S000)
0-8K ...Sinclair ROM
8-186K...Memopak memory which can switch in or out in 4K blocks to
leave space for memory mapping.
12-16K...Memopak memory which holds its contents during cassette
loads and allows communication between programmes,
16-32K...This area can be used for basic programmes and assembly
language routines.
32-64K.. 32K of RAM memory for basic variables and large arrays.

With the Memopak extension the ZX81 is transformed into a powerful computer,
suitable for business, lelsure and educational use, at a fraction ot the cost of comparable systems.

Please Gebit my Please rush me:
' l § sancLavCARDiACCESS® Quantity Price Total |

accounlnumoe. 64K RAM, Assembied | |£68.69 1 -
e — 1 T :—

| -~ . -4
¢~uamn T 1 ™

l Y — l = | 11
l Signature [ ] | [ [ i
Biock Tontrol Pre ' —

Stock Comrol Programme 1 t 25.00
Boae — Paytoll Programme 1 T 2500 | |

Memotech Ltd [ NAME , |

3 Collins Street Jroomess — - v“;os:::: 200 |
OxfordOX41XL |, —____EN TOTAL I

Tel - ’722‘102/3/4/5 To: Memotech L1d., 3 Collins Street, Oxford, OX4 1XL Telephone (0868) 722102

-------------------‘
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High-res
Printing

ew ttom HeTeb v the Facit

$42, 2 high-speed, high-
resolution printer mhich combines
2 new type ol Tleshammer print-
head with advanced micropro-
cesant control 1o make K equally
suited to teat printing. label or bar
code production, and graphics
outputl. Using 280 character-per
second bidirectional two-colowt
peinting and a 14 3 9 dot-matein for-
mat. the 4342 can produce a vir
tually wehimited ronge of charac
ters as well po ditterent grey scales
0 geaphics applacations. In normal
test-peinting applications. the
4542 leatures proportional spag-
ing. justitied right-hand margin
and an extensive sot ol up to $12
characters in 11 nationsl reper
toirs with red/blach, elongated and
pnderliming l(acllities. for label
printing. & variable-uze optioa

avatlable which sllows characters
ot bat codes $0 be generaled In 98
dillerent uzes from 2.51 mm up lo
240 men. Selection of pze and post
twon is easily controlied by sofy
ware commands. In the graphics
mode W anmng semsgraphigs and
10 levels of greyired scale ave
avablable to lllustrste reports with
histograrmn. (urves and deagramms,
o well a0 generating hall-tone it
lustrateom in sppheations such e
tomography, process mondoring
and computer-aided design. The
hey (o The versatility of the 4542 b
the paint-head. which comasts ol 2
et ot nine stored-lorce flesible
metsl hammers mountied divectly
of & magnet armature. No adjush-
ment or lubrication I8 necrsary
wedr i mimamal, and 2 ‘Nloating
mount mesns that the correct
papetiprint-head distance I
slways mamiasned irrespecirve o
the papet thichness or number of
copies. Further dnformation i
available trom Hi-Tek Disteshution
Umited. Tealsigar Way, Bar Hill
Cambridge, CB) 8SQ

Small And Beautiful

alled a1 The World's Smallest, Lightest and Lowest Power Comump-
Hlﬁoﬂ’ television. the THIWSV lrom Matsushita Certainly Caught oue
editorial eve Closer impection revesbed 2 colour TV sel with 5 3° colous
picture tube, ondy 118 mm 3 86 mm 3 218 mm Insize and 1.5 hg ln weight
Power consumption i s mere 9.3 W and i1 operates on AC power, car bat-
tevies and on optionally svebllable rechargeable batteries. Ved, despile s
small size, it by equipped with video inputioutput terminals and operales
a4 & colowt monitor and s video tuner when connexted (0 o video camers
and a portable VIR, respactively, This 3° colour TV was launched oa to
the Japanese marhel in mid-December 1981 at the approvimate price of
£.200. It is due bor Launch ia the US in June this year snd, hopetully, will be
seen in this country shortly alter. Further details will be supplied by No-

tional Panasanie (UK) Lid. 300113 Bath Road, Slough SLY 8.

Sticky Clips

randaver adhesive cable (lips

from Stotron provide an e
pensive method of Hhing round or
obban cables lo clean, dry sue-
tages. The range Con handle round
cables lrom just 2 tew millimeters
up 10 19 mm and flal ribbon cables
trom 1) mm to 7% mm Can be a5
commodated by s selection ol
chips with widths in stages of 6 mm
The adhesive i dnslant acting and
polyethyiene pads provide high
levels ol insulslion, where
necessary, Futther lalormation s
available trom Stotton Ltd, Uit 1,
Maywood Way, tvyyhouse Lane.
Mastings. fast Susses.

Video Victory

hoen LA have sl announced

that agreements have been ugn-
od with Teletunken and JVC to
form 2 holding company lor the
manulactute ol video comumer
electrongs products n furope.
Thomson Brandt was orsiginally bn-
tended a & lourth partner, but thas
was not posuble. However, the
theee other partses hope an oppoe:
tunits will arise tor Thomaon
Srandt to oin the venlure

Products manulactured by the
pount venture will nclude VHS
video casietle recorders. YHD
video diwc players and video
Cameras

BT Bill Beater

ollowing the success of the Telcost TNA2S trom the Amatone Corpara

tion. it was deCrded that 2 vingle hine ynit should be manulactured The
new machine ollers & tange ol lunctions which are all desgned 10 save
money by monitoring ielephone use. Amsatone's singie line Teltost 1 has
leatuces including & 24-hout cloch display, which instantly shows the ¢ost
of a2 call as s00n as 2 wier s Connected with 2 number
dialled. The undit also has 2 budlt-sn printer which records details of the call
including cost and number dialied 11 also prints out the date, lime
machine identifi€ation number and the duration ol the call Telcost 1 has
& built-in memary which relaim ntormation even H the machine b
disconnected lrom o power source. It aho ghves 2 special recurity mud-
night printout each night which frustrates any atiempts to concesl the
day's telephone costs by the destruction of the daily printout sheet. The
machine i virtually tamper-prool as the prntout will bndicate H it has
been disconnecied ltom the line st sv time o i any mbormation
parameters have been changed The machine has provaion tor I 1o be
reprogrammed at any lime 10 enable the user 10 beep in ling with Britinh
Telecom unit rate charges and the date. time and rdentification number
can beg changed tor any teason it the machine is moved 10 2 new location
This desh-1op unit ig no higges Tthan » telephone snd for an immestment of
sround [249 ¢ould help 10 Cul out the abee of telephanes in both large
and vnall compandes
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Grabbed By The
Dooleys

hose tireless chappies down at

Casio have tahen time off from
disguiting BASIC computers and
arcade games as pochet
calculators and watches, and have
turned their altention to the music
scene. Although there I3 un-
doubtedh a marhet for top-ilight
otgans and synthesners amongst
home musicians, many people will
prefer something more modest —
for linancial reasons. because the
lving room is too small or because
they can't ligure out what all the
hnobs do. At the other end ol the
scabe (sorey), the type of hand-held
organ made notorous by Roll Mar-
rie ls 2 little 100 kemiljing. With the
Casotone 701, Casio have not just
prodeced s solution to this pro-
blem but a radic ally new type of in-
strumend.

The C1-701 s not just 2 b1-hey
polyphanic {eight voice) mind-
syathesner, but ahho Contsins an
on-board compuler that acty o 2
builtén sequencer; among other
thenps You Can play slong with the
budlt-in thythm eait, store vowur
own music I memaory and play it
bach svtomatically, ot jusl load
the maching with 5 Casso munic
score and let H get on wilh things
by Hsell. The latter function n

quile exltaordinary = Camo yupp
by the music scores as bar codes
and you read them into the
machine using a light pen (lihe
those sl supermarhet chech-out
deshs) In melody guide mode vou
can even teach yourselt to play the
strument, a3 LEDs above each
hey light up to tell you which note
to play neat.

Twenty preset sounds are
available, such a3 pipe orgam,
flute, piano, oboe., bassoon elc,
plus the synthesned drum sounds
of the rhythm valt and the
paecoum’ sound so beloved by
producers of dico records. Opin-
wes of the presel swound quality
vary lrom “beautilul” (Casio)
theough “very good™ (an indepen-
dent revigwer) 10 “loo thaeply
liltered” (another independent
reviewer) Mnce they cam't agree
and we Ruven’t heard W (though,
we're trying hard 10 get our muchy
paws on onel you'll have 1o lisien
1o one yourselt betore parting with
arry Cash, but peofessional musk
Clans seem to like it — the Doolevs
use Caslotone mini-hevboards in
their sage shows [lellow head
bangers may not see this 49 s cOm-
pliment). With so much pached in-
10 such & compact Case (onh slight-
by Larger than the actual bevboard)
and such a low price (about (500
Casio would cevtainly seem to
have done it agsamn

ZX Revamp

or those of you who are setious

IX-81 owners (i there such an
animait) o¢ would simply like 10
disguise the maching, thete s &
protessional standard bevboard
and enclosure now available from
Protos Computer Systems The
heyboard ig the liest of » range ol
peripherals 1o mahe the compuler
witable loe mare heavy-duty e
The 40-hay Sinclaie coded board
uses top quality mechamical con-
tacl type hey swiiches with
relegendable tops. A steel moun
tsing board holds the heys lirmily in
position and 2 high quality perinied
Clrcwit board completes the
board’s electrical circuit. Connec:
tinn to the Sinclabr board b made
by a llexible connectior which is a

push il to the sochets proveded on
the ZXB1. Acuess to the edge board
connector by via & side port on the
Protos encloswre and tape injost,
powesr and UNF connections are
made theough the rear. To it the
Protos entails removing the
Sinclair board lrom the blach ADS
case i comes bn and living it inphde
the Protos enclosure with flour
Phullips type srews. No soldering
In requited and all electrical con
nections are plugirochet conmec:
tions provided cither on The
Sincladr or the Protos. Further
detash on this and other lorthcom-
ing pevipheraly con be oblained
Irom Protos Compuler Systems
Frome Computing. 20 Ashiree
Road. Frome, Somerset DAY JAS.
Please anclose a large SAL with any
enquiries.

Thin Meters

itam 11d of Toerquay in Devon
Su' to market o range of very
thin edgewise metery maonutag-
tuted by General [lectric of the
USA There ate theee sizes in the
range with case widths of 38 mem,
&) mnm and B9 mm and the unity
are scaled 1ot vertical or hotizon
tal presentation. The special
testure of this design s the -
treme thinnesa; the smallest has an
overall depth ol face of oaly
1) mm snd the two larger slzes of
about 17 mm. The smallest model
has & resr-access peto sel and &
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simple spring-clip method of
mounting. The two larger models
have lront access zevo set ot end of
wale and a slide beachet form of
mounting. They ingorporate
jenelied prvol movements with
1pecial high-torque magnets ot
reliable and accurate operation
The standard meters are available
esstock lrom SMam snd have &
marimum sensitivily ol S0
mutroamperes. Scale markings can
be produged 1o suit individual re-
quitements. Forther deladls of
these and Silam™s owa renge of
melers sre available o Siam
Limited. Woodland Road, Vor-
quay. Devon TQ2 TAY

Power For
Peanuts

renson Electronics, desugnens
and manutacturers ol power
supphies for the Nuclear Research
Industiy have come up wih a
series of bench power units. The
fiest wmit in the serbes » peiged ol

159 and gives & variable stabilised
oulpul up to OV ot 2 A in two
ranges, has loldbach re-entrant
short Circwit protection and cue-
renl and voltage metering. This
unit ks abso available in bit form at
only (3% and lurther details are
ltom Grenson [legtrondcs Lid,
High March Road. Loag March, In-
dustrial Estate, Daventey, Nore
thants NN11 4HQ

Miniature
Magnification

om Slotron Lid s the

S¢cope Mairh 11l pochet
mittoscope with stand. Priged at
undet (20 it s 2 wselul tool for
laboratories. school. workshops,

| servite engineers and the elec:

tronics, electrical, auiomotive,
print and graphic trades, Unche
Tom Cobblgy and allf 0t sy 123 mm

long, with 20s magmification and a
graticule showing linear and
angular messutements Hlumine-
Gion n powered by standard 1VS
‘pen-hight batteries and » micro
stand (with spring clips for sample
shdew) i available as an oplon so
that the device can be used like o
conventional microsqope Further
detadhs on thes device are avasilable
feom Stoteon Lid. Unit 1, Havwood
Way, vy House Lane, Mastings,
East Susses,

1
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HIF STEREQ AMPLIFIER KITS

From one of Britain‘s leading eso-
tenc ampifer manufacturers comes
an exciting new package of stereo
amplifier kits, designed 1o offer all
the advanitages of true high fidelity
but without the usual price penaity
These new kits offer the choice of
moving magnet of Moving coll
inputs, 40 or 100 watts per channel
in fact, everyhthing that made the
previous models so popular is im
cluded 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 1404 WPC Power Ampiifier
The CK 1100 WPC Power Ampiifier

CK 1010
Thes kit contains all the necessary
parts to build a compiete pre-amp

The main PCB is ready assembied

and tested therefore construction
is simply a matter of point 10 point
waning 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 difterent power amplifier a8 PSK
power supply kit. Inputs for disc,
tuner and tape afe provided and an
optionsl add-on moving col input
can be fitted 10 extend its versa-
tlity. (MC2K)

CK 1040

This is a nominal 40 walt per
channel power amplifier kit which
features our dual power supply
and the DC output for the CK
1010. Al components such as
heatsinks, wire and connectors are

included and protection g
provided from short circuit
outputs
CK 1100

Similar 10 the CK 1040 this model
provides a nominsl 100 watts per
channel with extra heatsinking and
thermal cutouts are provided as
standard.

When correctly assembied these
kits are guaranteed for two years.

’’It would seem then that Crimson have maintained their position at the top of the commercial kit-
build fieid. There is no oriental ampiifier | know of that can better the sound of this combination 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 (CK1010/MC2K/1100) is a bargain and one that becomes the
reference point for kit amplifiers from now on.’*

ETI FEB 1982

SPECIAL INTRODUCTORY OFFER 10-15% OFF!

As a special incentive 10 buy our new range of D.I.Y. Hifi Kits, we are offering the range for a limited
period at silly discount prices
The offer closes on March 31st. with prices this low, demand is sure to be heavy, so order now and
avoud delays at the same time save £££°s
.SPECIAL PRICE £79.20
SPECIAL PRICE £105.80
SPECIAL PRICE £130.80
MC2K — RRP £25.00 SPECIAL PRICE £22 50
PSK — RRP £20.00 SPECIAL PRICE £16.80

Barclaycard or Access accepted, otherwise send C.W.0. C.0.D. £1.00 extra
All prices include P&P 10 anywhere in the U.K. Export: Write for pro-forma

[ ¢ rimson Hlektrik

CK 1010 — RRP£90.00 .....
CK 1040 — RRP £119.00
CK 1100 — RRP £149.00

FREEPOST, 3 CLAYMILL ROAD
LBCESTER LE4 SZD. ENGLAND

TEL 0510 761920, TLX 34694
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SLOT CAR CONTROLLER

Let's not beat about the bush Siot cars are fun If you're as
keen on siot cars and electronics as we are, you'll be equally
appalled at the crude control systems provided in the basic
sets. Naturally we decded something should be done about
the situation and came up with this project. You can have
controlled acoeleration with overshoot, dynamac braking
‘electronic’ fuel tanks — and all from quite a simple circun
There'll also be some advice on how 1o tune your Cars to get
the ultimate in performance from them. A must to read for
kids of all ages

COLUMN LOUDSPEAKER
DESIGN

Now thns is good stuff. One of the bugbears of public address
systems i acoustic feedback, which can be largely overcome
by the use of a hughly directional sound source. This directs
the sound into the audience, where it's needed. and away
from the microphone. where € isn't. Ths article describes the
design of a novel column loudspeaker design that is cheap
and highly effective

ROBOT CONTROLLER PART 3

In next month's ET! we continue thes senes with the
comstruction information for this month’s analogue pulse
wxdth modulation controller, plus full details and a PC8 for &
dual digital PWM controller This will not only be of interest
to roboticists but 1o anyone who needs 10 control the speed
of DC motors

Astchen dr rbud dwew sor b8 a0 shvorned vaw o prepasstn
Howrws, coawesisrqm moy dulsty dangs i S fnad cmionin,
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How would you like 2 10 MMy
oscilloscope about the sze of a
rge iunchbon! Can't afford onel
Then build this one Y the main
progect in ET) nent month

DVMEG

Asny scholars out there will know that D Is Roman for 500
Snce V stands for volts, it will come as no surprise that ths
project generates 500 V to enable the leakage current
through insulation 1o be tested using the builtdn meter. In
effect it s a highvoltage resistance meter for measuring
values above about 1MD = hence the last part of the name
We don't just throw these things together, you know!

BREADBOARDING SYSTEMS

There appears 10 have been a veritable explosion in the
number of breadboarding and prototyping systems available
10 ndustry and the hobbyist, next month we'll be taking a
ook at some of them. Both solderwrap and insulation
dnplacement techmques will be examined and we'll have an
exclusive first review of a major new development from o
leading manufacturer. Not to be missed!
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FEATURE

ELECTROMUSIC
TECHNIQUES

Tim Orr, our tame electronic designer, emerged from his workshop this
month just long enough to hand over this bundle of circuits for the
ardent build-it-yourself musician.

irtually all of the electronic music synthesisers that have

been produced to date employ analogue circuits to

generate the synthesised sounds. The process is known as
subtractive synthesis, and operates by dynamically filtering out
parts of the spectrum of a signal that is often rich in harmonics.
The results are instant, easy to modify and relatively inexpen-
sive to implement. It is not possible to produce an arbitrary out-
put spectrum, and so it is very difficult to synthesise realistic
copies of naturally generated sounds. This can be done using a
digita! technique known as harmonic synthesis, whereby the
sound is constructed by precisely defining the amplitude and
phase of each of the harmonics. These are then added together
to produce the output. However, natural sounds are constantly
varying and so the data defining all the harmonics must also
vary. Harmonic synthesis can produce very realistic sounds and
is in itself a powerful technique for generating completely new
sounds, but the hardware is a combination of sophisticated
microprocessor and digital technology and so is outside the
scope of this article.

When we hear a sound we unconsciously analyse it for
useful information; “Who wants another drink?” for example
Nobody knows how the human brain analyses incoming
sounds, but it does it with incredible speed and sophistication. It
can extract precise information from sounds (speech percep-
tion), it can experience pleasure from a rich harmony, or it can
even learn to ignore certain sounds, such as a ticking clock. The
brain is very good at perceiving pitch(or at least it thinks it is; it is
also afairly good liar); see Fig. 1. When you hear a pure tone you
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A4
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Fig. 1 Pitch perception.

Fig. 2 (below} Keyboard layout
with table showing equal
temperament tuning.
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will get a strong impression of its pitch. You will not be able to
define its frequency in Hertz, but you will be able to remember
its pitch. A sawtooth has a strong harmonic structure but even
so-you will get the same pitch perception. The ringing tone has
virtually no energy at the fundamental frequency and vet it is
stili possible to correctly perceive the pitch of the signal,
although it is more difficult than for the pure tone.

Most musical instruments produce a range of notes. Some
instruments, like violins, can produce a continuous range of fre-
quencies; because, unlike the guitar, there are no frets along the
neck of the instrument. Keyboard instruments have fixed tun-
ing: the piano, for example. The keyboard is an excellent choice
for controlling a synthesiser, as it is easily converted so that it
generates suitable electrical signals and it is widely accepted by
musicians. Equal temperament tuning is used, that is there are
twelve notes per octave and they are spaced at intervals of the
twelfth root of two (that is 1.0594631) along an exponential
curve, as in Fig. 2.

When You Hear The Tone. . .

The keyboard is used to define the fundamental pitchof a
sound, but the actual shape of the waveform will determine its
harmonic structure (Fig. 3). A sinewave is a pure tone and has no
harmonics. A-halfwaverectified sine wave contains a funda-
mental plus a series of even harmonics. A fullwaverectified sine
wave is composed entirely of even harmonics. The squarewave
and the triangle are both composed of a series of odd har-
monics; in fact if you lowpass filter a square wave you ¢an pro-
duce atriangle. Thetriangle is a fairly pure tone, with little of the
energy in the waveform contained in its harmonics. The
sawtooth is a rich waveform, having both odd and even har-
monics.

The harmonic structure of all these waveforms extends to
infinity, but the drawings only show the first 15 harmonics. If we
call the harmonic number n, then the harmonic amplitude is
easy to define. The rate at which the harmonic amplitude
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the half and fullwave rectified sine wave and the triangle. Figure
4 shows a sawtooth being constructed from harmonics. The
sum of the harmonics is beginning to look like a sawtooth. As
more harmonics are added (with the correct phase and
amplitude) the sum will converge upon the correct sawtooth
shape. An interesting effect can be produced by changing the
mark/space ratio of the square wave. This modifies the odd har-
monic spectrum and introduces even harmonics. The
mark/space ratio is often dynamically modified as a synthesis
process.

Frequency modulation is often employed in synthesisers to
produce vibrato and other dramatic pitch change effects.
Figure 5 shows some of the effects of frequency modulation. As
the modulation depth is increased, frequency sidebands are
generated. Their spacing and amplitude are determined by the
modulation depth and the modulation and carrier frequencies.
To precisely calculate them involves some complex maths and
Bessel functions (which | have forgotten all about) To make
matters worse, synthesisers usually use voltage controlled
oscillators with an exponential transfer function, which tends to
exponentially distort the sideband positions. But so whatl Music
synthesisers are all about making music and not the calculation
of sidebands, If a particular electronic device produces a useful
musical effect, then use it, dor’t analyse it.

The output from an oscillator is known as an excitation
signal. This defines the pitchof the signal, and to a certain extent
the harmonic content of the final signal. It is common practice
to filter the excitation signal (Fig. 6). The frequency response of
the filter is referred to as a formant. The formant modifies the
harmonic spectrum of the excitation, producing a colouration
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Fig. 6 The effect of filtering an excitation signal.

of the sound. The format is usually a mobile filter and this
makes it possible to dynamically alter the sound colour. If the
formant has a sharp resonant peak, then the output signal will
ring as it passes the harmonics of the excitation.

Another parameter that characterises a sound is its
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amplitude contour or envelope(Fig. 7). A sound that has a sharp
attack and a slow release is similar to a plucked instrument.
Other envelopes will make the sound seem like something else.

Building Blocks

Most synthesisers are constructed from standard building
blocks, and most of these blocks are voltage controlled. This is a
very powerful concept, because it enables you to control a unit
with a combination of control voltages and/or audio signals.
Building blocks can be patched together in any arbitary order to
produce any system that is wanted. Some standard building
blocks are detailed below.

Voltage Controlled Oscillator Used to generate the pitched
excitation signals. Often a VCO will generate a wide range of
waveforms. The control sensitivity is usually +1 V/octave,
Therefore a one twelfth of a volt change will alter the oscillator
pitch by one semitone. The exponential control law is a very
powerful concept. If a VCO is being driven so that it produces a
melody, then adding +1 V to the control input will transpose
the melody up by one octave. Thus musical transpositions are
very simple to produce. Often more than one VCO will be used,
so that a rich chord is obtained.

Voltage Controlied Filter This is used as a formant for the
excitation signal. The VCF is generally a lowpass filter, but it can
often be a multi-mode device with lowpass, highpass, bandpass
and notch responses. The VCF also has a Q({resonance) control.
The control sensitivity is +1 Vjoctave for the frequency
parameter, and undefined for the Q.

Voltage Controlled Amplifier The VCA controls the level of
audio signals. The control law can be linear or logarithmic. The
VCA is usually controlled by an ADSR unit and is employed to
generate signal envelope contours. The device is a two
quadrant multiplier.

Attack, Decay, Sustain, Release unit The ADSR is used to
generate the signal envelope contour and also the VCF sweep
waveform.

Ring Modulator This is a four guadrant multiplier or
balanced multiplier. The output voltage is the product of the
two input signals. It is often used to generate discordant or
clangerous sounds.

Noise source Generates random noise, which can be used
in the synthesis of nonpitched sounds such as explosions
Filtered or sampled noise can be used as a random control
voltage.

Low Frequency Oscillator These oscillators are used to
generate vibrato in the VCO or a filter sweep in the VCF

Keyboard Musical control interface, generating pitch
voltages of +1 V/octave and also a gate signal to indicate that a
note is pressed. A monophonic keyboard only allows one note
at a time to be pressed, but if more than one can be pressed
simultanecusly then the system is polyphonic.

There are several other building blocks such as flangers, se-
quencers, frequency shifters, and pitch detectors, but there isn’t
enough space to deal with them.

Polyphonic synthesisers tend to be voice-based; ie all the
building blocks are presouted to form a voice (Fig. 8). Modular
systems are not presouted and have to be patched, either with
lots of jack-to-jack patch leads or via a matrix patch board using
patch pins. Patch leads are relatively inexpensive, but the leads
get in the way and it is often difficult to see just what you have
patched. Matrix patch boards are easy to understand, but they
suffer from crosstalk and a large board (60 by 60) might cost
£500!
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TOSULK AESTANCL OF THL DEVICE

KEYBOAAD

T 711111

i

T T117 0

| OEAL
I NEPONSE

4 4
arob—-I4
' [
SHARP ATTACK $LOW DECAY - PLUCKED

b

e - 4 il i I I 0 R 11 — o — —_—— e

(-2 1)

SLOW ATTACK, SLOW OELAY = PoPf ORGAN"

Fig. 7 (Above) Two typlcal
amplitude contours, or
envelopes.
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Fig. 8 (Top right) The

standard synthesiser voice.

Fig. 9 {Right) Silicon diode
transfer characteristics.
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Diode Data

The silicon diode has an exponential transfer function, that
is the diode current increases exponentially for linear in-
crements in the diode voltage (Fig. 9). This can be used to turmn
linear changes from, say, a keyboard into exponential or
musical intervals in a VCO. The required musical range is pro-
bably no more than 200 to1 and so a suitable operating current
would be 0.5 uA to 100 uA, thus avoiding the non-exponential
parts of the curve The silicon diode is temperature dependent
(it is often used as a thermometer) and so great care must be
used to avoid thermal problems. The junction voltage changes
by — 1.9 mV/°C,but a semitone change is equivalentto1.5 mV,
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therefore a1°C change could result in a1.27 semitone change in
pitchl Figure 9 shows two temperature effects in operation;
thera is a large shift and the slope of the line changes.
Figure 10 illustrates the equations that determine the dicde
operation. Two facts emerge from these equations. First, an
18 mV change in V,, will double the current |, and second, this
parameter has a temperature coefficient of —0.33%/°C. Both
the temperature problems can be resolved by using a circuit
similar to that shown in Fig 11. Transistor Q1 is run at constant
current (12 uA) by the op-amp. Q2 is used as the exponentiator
transistor. The emitter of Q2 is held at a voltage of about — 0V6.
Any voltage change at the base of Q2 will result in an exponen-
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tial change in the collector current of Q2. Q1 and Q2 arein ther-
mal contact and so any temperature change will effect both
equally. Thus the —19 mV/°C factor is cancelled out by Q1
acting as a compensating thermometer for Q2. The slope
change is removed by using a temperature sensitive resistance
(Q81 — Tel Labs)which has an equal but opposite temperature
coefficient to the diode junction. This resistor is often in thermal
contact with the matched transistors. If this circuit is connected
:'o ael(iinear current controlled oscillator, a musical VCO is pro-
uced.

VCO Circuits

Figure 12 is the circuit for an exponential VCO using an ex-
ponential current source. The oscillator is a standard triangle-
square wave device. IC2 is a currentcontrolled integrator; the
slow rate at its output is equal 1ol . [C. This voltage is buffered
by 1C3 which drives a Schmitt trigger IC4. The output of IC2
ramps up and down between the two hysteresis levels which are
determined by the two clamping diodes connected to the out-
put of IC4. Any stray capacitanceon the output of IC4 will slow
down the Schmitt trigger and this will make the VCO go flat at
high frequencies. Also the propagation time delay around the
oscillator will cause a flattening out ot the response at high fre-
quencies. These effects can be nulled out but they may not
even affect things if the VCO frequency is kept relatively low

A very good VCOQ is shown in Fig. 13. It is a monolithic
device, the CEM3340 from Curtis Electromusic Specialities Inc
who make a range of electronic music devices. As can be seen,
very few external parts are needed to implement the VCO. All
the temperature compensation is performed inside the chip.
Triangle, sawtooth and variable mark/space square wave out-
puts are simultaneously available. The mark/space ratio is a
voltage controlled parameter. A sync input is also provided so
that the VCO can be slaved to another oscillator.
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LFO Circuits

A couple of LFO units are shown in Fig. 14. All four output
waveforms can be usefully employed to sweep VCOs and
VCFs. Often the waveforms are mixed together to produce
strange frequency modulations. when the sawtooth is fed into
one side of a ring modulator and noise into the other, a beat
wrack can be generated; it sounds a bit like a cymbal being hit.

Noise Generators

In ‘the old days’ noise sources were made by amplifying the
noise current of a diode junction that was zenering. These were
a bit unreliable, and always involved selecting the device.
However, noise can be generated digitally with a maximum
length pseudorandom sequence generator (Fig. 15). The noise
spectrum is relatively flat and always the same. If you slow
down the clock rate you can get some interesting sounds; | think
that this is used on some TV games. If a longer shift register is
used, say 30 or 40 stages (the 4006 is 18 stages lony), and the
noise source is turned on, a tone is initially heard which gradual-
ly changes intonoise as the sequence becomes more scrambled
up. You can purchase a monolithic noise generator (pseudo-
randomy}, it is the MM5837 made by National Semiconductor,
also sold by AMI with the part number $2688.
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Fig. 15 A dighal noise source (top) and a noise generator
chip (bottom).

Five pages gone already, and we've still only scratched
the surface of this fascinating subject. In part two next
month, Tim Orr will continue his discussion of electro-
music techniques with yet more circuit building blocks.
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ACCURATE
VOLAGE
MONITOR

PROJECT

This simple, low-cost instrument can be built into power supplies or
used as a portable or fixed ‘battery condition” monitoring meter.

Design by Simon Campbell and Roger Harrison.

ommon storage batteries to

power nominal 12 V DC

electrical systems have a
terminai voltage that ranges from a
little over 10 V when discharged to
around 15 V when fully charged, the
operating voltage being somewhere in
the range 11V5 to 13V8. Lead-acid
batteries, for example, may have a
terminal voltage under rated discharge
that commences at around 14V2 and
drops to about 11V8. A 12 V (nominal)
nickel-<cadmium battery may typically
have a terminal-voltage under rated
discharge that starts at 13 V, dropping
to 11 V when discharged.

Equipment designed to operate
from a nominal 12 V DC supply may
only deliver its specified performance
at a supply voitage of 13V8 — mobile
CB and amateur transceivers being a
case in point. Other DC operated
equipment may perform properly at
12V5 but ‘complain’ when the supply
reaches 14V5.

To monitor the state of
charge/discharge of a battery, a
battery-operated system or the output
of power supplies, chargers, etc, a
voltmeter which can be easily read to
100 mV over the range of interest (10 to
15 V) is an invaluable asset. This
project does just that.

The Circuit

An LM723 variable voltage
regulator is employed to set an
accurate ‘offset’ voltage of 5 V, and the
meter (M1} plus the trimpot RV2 and
R3 make up a 5 V meter, with the
trimpot allowing calibration. The
negative terminal of the meter is
connected to the output of the 723 so
that it is always held at 5 V ‘above’ the
circuit negative line. The positive end
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of the meter goes to a zener which will
not conduct until more than 5V
appears between the circuit + ve and
-ve lines. Thus the meter will not

have forward current flowing through it
until the voltage between the + ve and
— ve rails is greater than 10 V, and will
read full scale when it reaches 15V
(after RV2 is set correctly)

The meter scale limits may be
adjusted by setting the output of the
723 higher or lower (adjusted by RV1)
and setting RV2 so that the meter has
an increased or decreased fullscale
deflection range.

A variety of meter makes and sizes
may be used.

Construction

Mechanical construction of this
project has been arranged so that the
PCB can be accommodated on the rear
of any of the commonly available
moving coil meter movements. We
chose a meter with a 55 mm wide scale
(overall panel width, 82 mm). A meter
movement with a large scale is an
advantage as it is considerably easier
(and more accurate) to read than

—HOW IT WORKS —

1
The meter, M1, Is 2 1 mA meter with series|
resistance — made up of R3 and RV2 - so
that it becomes a 0-5V volimeter. The
negative end of the meter is maintained at
5V above the circuit negative line by the
output of IC1, a 723 adjustable regulator.
The positive end of the meter is connected
to the circuit posttive line via ZD1, 5 4V7l
zener diode. Thus, no “forward’ current will
flow in the meter untll the vollage between
the circuil negative line and the cirguit
positive line is greater than 5 + 4.7 = 9V7,
Bias current for the zener is provided
by a FET, Q1, connected as a constant cur-
rent source so that the zener current Is ag
curately maintained over the range of cir-
cuit input voltage. This ensures the zener
voltage remains essentially constant so that
meter reading accuracy is maintained.
The trimpot RV1 sets the output
voltage of the 723. This determines the
lower scale voltage. Trimpot RV2 scts the
meter scale range, less resistance decreases
it

Diode D1 protects the ¢ircuil against
damage from reverse connectlion.
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AMD 12 VOLTS 4
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TOTAL CURRENT DRAIN 12.5 mA
METEA READS BACK WARDS
BELOW 10 vOLTS
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Fig. 1 Circuit diagram for the Voltage Monitor.



PROJECT : Voltage Meter

Having chosen your meter, drill
out the PCB to suit the meter terminal
spacing first. The components may
then be assembled to the board in any
particular order that suits you. Watch

the orientation of the 723, ZD1, the FET

and particularly D1. The latter is an

‘idiot diode’. That is, if you have a lapse

of concentration or forethought and

connect your project backwards across

a battery, the fuse will blow and not
the project. Fuses are generally found
to be cheaper than this project!

Seat all the components right
down on the PCB as the board may be
positioned on the rear of the meter
with the components facing the meter
The size of C2 may give you a little
trouble. Polyesters are generally too
large and therefore unsuitable. We
used a ceramic type capacitor — as
commonly used on computer PCBs as
bypasses. Alternatively, a 100n
tantalum capacitor (+ ve to pin 2 of
IC1} may be used. The actual value or
type of capacitor is not all that critical.

We have used multiturn trimpots
for RV1 and RV2 as they make the
setting up a whole |ot easier

Calibration

For this you will need a variable
power supply covering 10to 15V and
a digital multimeter (borrow one for
the occasion).

First set the 10 V point. Connect

the digital multimeter across the power

supply output and adjust the power
supply to obtain 10.00 V. Set the
mechanical zero on the meter
movement to zero the meter’s pointer
Connect the unit to the power supply
output and adjust RV1 to zero the
meter needle

Next, set the power supply to

obtain 15.00 V. Now adjust RV2 so that

the meter needle sits on 15 V (full
scale) Check the meter reading with
the power supply output set at various
voltages across the range. We were
able to obtain readings across the full
scale within + half a scale reading
(450 mV). With a 2% FSD accuracy
meter the worst error may be about +
one scale division.

—BUYLINES

PARTS LIST

Resistors (all 4W, 5% metal film) Semiconductors
R1 470R IC1 LM723 (see Buylines)
R2 390R Q1 2N3819
R3 1k0 D1 1N 40602 or similar

ID1 4V7 400 mW or 1 W zener
Potlentiomelers
RV1,2 10k cermet multiturn Miscellaneous

horizontal trimpot M1 1 mA meter (see text)

FS1 500 mA fuse and In-line fuse
Capacitors holder
(& ] du7 10V tantalum PCB (see Buylines); meter scale to suit
C2 100n ceramic meter; red and black cable, etc.
(e} 10u 10 V tantalum

+ve 10-15 Vdc ~ve

Fig. 2 Component overlay for the Voltage monitor.
Note that ICt is In 2 10-pln T099 case.

BATTERY CONDITION

________ANDTERMINAL VOLTAGE

Only one thing to comment on here; when

same thing) make sure you get the version
that comes in a T099 case, not the DIL ver-
sion. The PCB is designed for the 10 pin ver-
sion as shown in the overlay and the DIL
type won't fit, Speaking of PCBs, as usual
you can get It from us using the order form
on page 44.

= ]

you purchase your LM?23 {or uA723) -~ |

The 12 V battery, in its many forms, is a
pretty well universal source of mobile or
portable electric power. There are lead
acid wet cell types, lead-acid gelelectrolyte
(sealed) types, sealed and vented nickel
cadmium types, and so on. They are to be
found in cars, trucks, tractors, portable
lighting plants, receivers, transceivers, air-
craft, electric fences and microwave relay
stations — to name but a few areas.

No matter what the application, the
occasion arises when you need to reliably
determine the battery's condition — its
state of charge, or discharge. With wet cell
lead-acid types, the specific gravity of the
electrolyle Is one rellable Indicator.
However, it gets a bit confusing as the
recommended electrolyte can have a dif-
ferent 5.G. depending on the intended use.
For example, a low duty lead-acid battery
intended for lighting applications may have
a recommended electrolyte $.G. of 1.210,
while a heavy-duty truck or tractor battery
may have a recommended eleciroiyte 5.G.
of 1.275. Car batteries generally have a
recommended 5.G. of 1.260. That's all very
well for common wet cell batteries, but

measuring the electrolyte 5.G. of sealed
lead-acid or nickelcadmium batteries is
oul of the question.
With NiCads, the electrolyte doesn’t
change during charge or discharge.
Fortunately, the terminal voltage is a

" good indicator of the state of charge or

discharge. In general, the terminal voltage
of a battery will be at a defined minimum
when discharged (generally between 10 and
11 V), and rise to a defined mavrimum when
fully charged (generally around 15V).
Under load, the terminal voltage will vary
between these limits, depending on the bat-
tery’s condition.

Hence a voltmeter having a scale
‘spread’ to read belween these two ex-
tremes is a very good and useful indicator
of battery condition. It's a lot less messy and
more convenientl than wielding a
hydrometer to measure specific gravity of
the electrolyte!

YThe <charge and discharge
characteristics of typical lead-acid and
sealed NiCad batteries are given in the ac-
companying figures.
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COMPUTER

EXPANSION

SYSTEM

How’s your memory? If you're lacking EPROM and the ability to
program it, the fourth of our expansion cards is just what you need.
Design by Watford Electronics.

his month we present an EPROM

programmer and associated

EPROM cards suitable for the
machine code freak to store away
those beloved extra routines or the
space invaders freak to capture his
aliens in 0’s and 1's for life.

The first major consideration when
designing an EPROM programmer is
just what EPROMs should it be
capable of blowing. There is more than
just a little confusion here. There are
two basic types of EPROM currently
available — those that run off a three
rail supply and those that run from a

T T

A7-1 e P 24-vec
At-2 4 P 23-A8
as5-3 q p r2-A9
as-4 o P2-Vgo
A3}-5 g b 70-&3
a2-6 d TEXAS2SI6 P 19-A10
Al=7 b 18-PGM
A0-8 d b 17-a7
009 o p 1606
m-10 ¢ b 1508
Q=11 g P 14-04
ves-12 4 13-03
AT-1de P M-V
AB-2 23-A8
AS-3 22-A9
Ad—4 N-Vep
A3-8 20-0¢
A2-6 INTEL 2716 19-A10
A2 8-CE
A0-8 17.0?7
00-9 16-0%
D1-10 15-05
0z-1 14-04
GND-12 13-03

Fig. ¥ You can program these EPROMs. ..

26

tion.

single +5 V rail. The two sizes of
PROM most popular at the moment
are 2K x 8 and 4K x 8. Ahal here
manufacturers have had some fun
Intersil and others like calling their
triple rail PROMs 2716 and 2732

whereas Intel make their 2716 and 2732

single rail; not to be missed out Texas

try to settle the balance by nominating

their EPROMs 2516 and 2532; both are
single railt

To clear up the matter our
programmer will program single rail
EPROMs only, these being the most

popular. 1t will program the Texas 2516

2K x 8 EPROM and Intel 2716 2K x 8
EPROM as these are pin-for-pin
compatible (see Fig. 1) However, 2532

HOW IT WORKS —

PROM PROGRAMMER

The hearl of this board is two 6520
peripheral inpul-oulput chips — they serve
to generate the address bus, the data and
control signals for the chip being pro-
grammed.

R1 and C1 gencralte the power up
resel: C4, 5 and 6 are included in for
decoupling. The rather peculiar need of the
Vpp pinfor 0, + 5 Vand + 25 Vismet by the
PSU and switching circull. Transformer T1
supplies 30 V AC to the bridge which rec-
tifles it and feeds it to smoolhing capacitor
€3.1C3and 2D1 regulate thisto + 25 V DC.
€2 is included in the interests of stability.
Transistors Q1 and Q2 handle the switching
of Vpp between 0, 5 and 25 V. This outpul is
then fed to the DIL switch and then 10 the
V,p pin of the EPROM to be programmed.
Ports A and B of IC2 are used to generate
the address bus — note A12isconnected io
pin 1 of the EPROM (on a 28 pin basis) for
use later with 2764 EPROMS. The data bus
is generated by port A of IC1, while port B
of IC1 generates the control for V. and the

and PGM lines which are swilcr\ed with
A11 1o the correci pinsof the EPROM by the
DIL switch.

Inputs to the 63205 are straight from
the expansion sockets — P2 being used to
enable the chips lo reduce power consump-

and 2732 4K x 8 EPROM:s are not
compatible and we have stuck to the
2532, as this then allows for use of the
new 2764 8K x 8 EPROMs with the
minimum alteration {see Fig. 2). If you
wish to program 2764's then you must
make the alterations to correct the OF/
V,» and C3 lines. A12 has been brought
to pin 1 and power (Vo) to pin 28
Selection of the type of EPROM
you want to pfogram is made by
means of a quad DIL switch. This
switch is unusual in that each section
operates two oppositely biased single
pole switches — this means it can be

AT-1 g e b 24-v..
A8-2 23-A8
AS-3 P 22-A9 216 2632
AL p 2-Vpp
A3-8 _— b 20-—— - T3 PGM
oo g mama [
Al b 18- PGM AN
AD -2 b 17-7
oo 9 b 16-08
01-10 b v5-05
Q2-1 P 14-04
Vgg-12 b 13-03
NG -1 ol & m-Vee
AVZ-2 o 7-NC
AT-3 g 26 -NC
a6-4 d %-a8
as-5 ¢ 24-A9
A4-6 O 23-an
A7 d MOSTEK 2-08Vpp
2784 5K10
A2-3 d 21-A10
Al-9 d 0-£3
A0--10 @ 10.o7
o1 a 19-08
a1-12 o 17-08
ar-13 4 18-04
Vgg-14 g 18-Q3
Fig. 2 ...or these ones.
ETI APRIL 1982




PROJECT

Sy —
20 Yee 2 PIN24 ICX
[ vee I _— T ———
. L 5 Vo PINZY ICX
; —
BOg Q13 Pa, Ay &
Oo— 2o, (T E LI 2 PINZ0 ICX CEPGM
N, pa pt 8la, PGM
© 0] 1 : — 2
©lo) ragl® if‘l e PINIR ICX PGM/AN
Oy, oA, Ll dla,
2, 7 3 ELECTRICAL
o——” 5 Pay, = Ay WORNKING
o——Blog 2 P 1P
L yoe—— ra,l® ik e
10 23 (=)
38 b " ”“5 Vee OFF l I Ve ON
Ba P e
oo—.—Jam B
- ESPOR— 1P pa;'i? 19,:‘20 Vep OFF [T Jlvee oM
1
23 3 218 2532
[ Yourrri—— . ] P83 [:j
1 .
TP — TN P8 Ay  €X  GNDR2 sw [T ])|=x
l an ov
GND  MESET o |,
S 5
< 0y NOTE
1" :
-31°2 1C1.2 ARE 6420/6820
o | 1CX 15 I1C 10 BE PROGRAMMED
| 3 {1 ZIF SOCKET)
— —— 0, 0115 283904
sl Q2 1S 2NI906
[ ZD1 1S 20v_ W) ZENER
EEmm——— Y BR1 1550V, 1A BRIDGE
1 o,
18
PGM/ATT SV >
5 —earom J_ _I_ J_ ALL 100
b Vee Yop as cs 6 CERAMIC
T2a N T
ov o ; -
ouT
4 <
sw1 "2
- %, : l wo
o | i 0 PGM
BAy o Pias, 8y = @
Bo— N ANAL g . 167832 \
”no—nimnnu "Vo—“:_"_ n =
| oy |17 < = 240V AC
GND 100%
! o
F;& 3 Circuit diagram of the EPROM programmer, with detalls of SW1.
KCX is the EPROM to be programmed. PARTS l.IST
— ] —

) .11

Fig. 4 Overlay for the EPROM programmer. The 2ero insertion force
socket position has extra holes to allow for 2764s.
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PROM PROGRAMMER
Resistors (all AW, 5%)

R1,2 1ko

R3 22k

Capacitors

a1 4u? 25 V axial electrolytic

24,56 100n ceramic
Cc3 470u axial electrolytic

Semiconductors

1C1,2 652016820

IC3 78L05

Q1 IN3I904

Q2 IN3906

D 20V, TW3 zener diode
BR1 1A, 50 V bridge rectifler

Miscellaneous

sw1 Quad DPST DIL switch
PCB [see Buvlines); DIL sockets;
transformer (6 VA, 0-15-0-15}

used as a 4 pole changeover switch and
makes it ideal for the job. Two of the
four sections are used for chip power
{+5 V) and the programming can be
destroyed if V,_ is applied with V.
disconnected. The other two sections
are used to switch CS, PCM and A11 to
the correct pins of the ZIF socket
according to whether a 2516 or 2532 is
to be used.

rig
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BIRTHDAY COMPETITION

WIN A CRIMSON ELEKTRIK
CK1010/CK1100 100 W AMPLIFIER
WORTH £230!

Below are 16 amplifwer parameters. Choose the ten you think A Wide Bandwidth

contribute most to a good quality sound and place them n - i atio
order of importance For example if you think that Flat Frequen- nel
cy Response is the most important factor determining good
ampilifier sound, place E’ in the first box

Fill in your name and address on the coupon and /st your ter G

letters (in order) on the outside back of the envelope Closing H t der any loading

date s Apnl 30th 1982, and you must use the coupon provided ). Ability to drive low i

on page 133 Multiple entries are acceptable, but each must be Adequate heatsinking

on a separate COUpPon Conservativelysated output stage
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OE
New amplifier boards to meet new
needs
New Signals

With digitst sudio now 8 reality and third generation
notse reduction technQues with us asiready, the dynamic
range of programme material is about to shoot up by 8
phenomenal 30dB. i the smp you work with at the
moment can just cope. t's going to be In serious
trosuble when faced with the new sgnals. The clipping
that will result will sound nasty and probably kil
tweeters with its high frequency energy content.

J.W.R. have already soived the problem for you with
thew new high power PFAs. Designed t0 meet the
exactng requirements of heavy duty P.A. snd the even
more exacting roquirements of audiophile use, the ultra
wide dynamic range modules can handie the most
demanding of source sgnasis

The PFA/HV

The four powertet module is designed to run from
supply rads up to & 100V. Rated at J0OW continuous
AMS into 4 and B ohms and 250W into 16 ohms, the
module can sustain, for musscailty significent periods of
fime, RMS powers of S00W into B ohms and S00W into
4 ohma. R ailso has the ability to drive 70V Sine
destnbutbon systems directly, obviating the need for
expenssve and QUality COMpromisng tranaformerns

This smg is designed particulsrty with music in mind
We anticipate usage often at only SOW to 100W sverage
levels leaving 10d8 of headroom.

PFA 500

This module uses B H-PAK powertets and is designed to
produce 8 continuous RMS output current of 25 amps
and will run from g supply of up 10 £ 70 voits. The Unit
will drive 250W continuous RMS into B8 ohme, 450W
into 4 ohms, 600W into 2 ohvns and 700W into 1 ohm,

Numerous features are included in the board o

optimise efficiency. The H-Peks (thermally more

dﬂoont then TOJ) sre presented at ninety degrees to
the P.C.B. so they can boud-rocl!vomothohoat**.
instead of via the ususl angle bracker. The resultant chip
to hoatsink thermel resistance 8 very low keeping
junction temperatures down and efficiencies up. The
Powerfet supply rasls are kept separate from the rest of
the amp. This enables the drivor stage t0 be run from
shghtly higher rads resulting in larger undistorted output
swings at inttle extra coet.

in addition a bridge mode Input pin is available on
board permitting instant bridge mode betweon gny two
boards without the need for separste nwerting smps.
Powers comiortably in excess of 1KW can be deliversd
nto 4 ohms in thes configuration
N.B. The now boards exhibit the same exemplary nose
and distorton performance of the PFAS0/ 120,

OPTIONS

We wre particularly sensitive to 8 manufacturers
indavidusl requirements, and all our boards come with
many options (inclhuding higher siew rates, response
tloring etc.) Th.m“wo'wqotwhmm'n
looking for, and i not, we can probably do it for you by
next week!

INTERESTED?
Phone Phil Rimmer on 01 800 6667 with your apphcation
requremeant

THE POWERFEY SPECIALISTS

J. W. RIMMER

Mol order onty Yo
Oept ETINY, 148 Quarry Street. Liverpool 125 6HOL
Telaphone 081.428 2951

Toc et 51 onguirkes.
387 Green Lanes, London N4 10Y. Tel 01-8500 6847

THE
POWERFET
AMPLIFIER

THE POWERFET SPECIALISTS

J. W. RIMMER

sl order ondy Yo
1 ETH 148 Quarry Street. Liverpoot L2S 6HQ
Tetophone 031.428 2981
Tochas sl snguarios

307 Groon Lanss. London NG 10V, Tei 01.800 $647
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FEATURE

of many years now there have been speaker manu-
tacturers who have marketed kits for the "do-tyourself’
audio enthusiast. At the present time there are several
well known and respected fems supplying high quality kits. One
suchfirm is Rank Hi Fi who manufacture the Whartedale range
Their approach to this market is the Wharfedale Speakercraft
series of drive units and crossovers, together with the construc-
tional nformation necessary to duplic ate they readv-built units
using these same components. If the demand s there someone
witl supply that demand. = such s the case with Wilmslow
Audw who sell kits of the cabinets to suit the Wharfedale units.
This review foliows the construction of the E70 system using the
WE 0 flatpack cabinet kit
Why build loudspeaker kits? Well, one obvious answer s to
save money. often the cost of a kit is very much less than buying
the completed unit. If you are reasonably competent at wood
work, it is perfectly feasible to start from scratch with just alarge
sheet of flooring grade ¥ ° chipboard. An electric power saw
makes the job mucheasier and can also give a better edge to the
cut It is often the edges whach concem people as they are going
to be vruible somewhere around the loudspeaker cabinet and it
s easy 10 think that to get rid of the ugly sight of these will be dif-
ficult, This s not necessanly true, there are several ways in
which unsightly edges may be hidden from view. The simplest
answer is not only to buy a kit of speakers, crossovers, and soon,
but perhaps to buy a readv<cut cabinet kit as well — this does
not rid you of dealing with edges. but at least they are all deanly
cut!
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Fancy a pair of Wharfedale E70s? Can’t afford
them? Then why not build ‘em yourself?
Peter Freebrey underwent the mystic rites of
woodworking and saved himself over £100.

| had heard that Wilmslow kits were of a very high standard
— several people having commented upon the ease with which
they went together . That sort of build-up sometimes takes a bit
of lving up to and | warted for the delivery of the WE70 kit with
some uncertainty, When they arrived my inital reaction was
favourabie; all cuts were clean and the method of construction
looked simpie and sensible. The sides. top and base are rebated
by about % ° This not only gives you a better mechanical jont,
but also makes it almost impossible 1o get any vouds or gags —
which is good, acoustically speaking It also means that with the
minimum of care the cabinet will slot together into its comect
shape with no unsquare comers of leaning sides. Included with
the kit were two cardboard transmission tubes for the mid<ange
units, acoustic damping material, grille material (both black
plastic foam for the reflex port and cloth for the fromt) nybon
grille plugs and sockets. 3 mm wander plugs and sockets for
loudspeaker lead connections, and the screws to fix the speaker
units themsehves. Last but not least there are written instructions
on how to assemble the kit

16 Steps To Heaven

Step one in the instructions bs to examine the pancis for
transit damage Presumably # any damage i noticed
Wilmslow Audio should be contacted as soon as possible Step
two is to remove all dust. et¢ from the panels Any excess of
wood dust from the sawing operation can only do harm so
vacuumn all surfaces If there were any buildup of sawdust at
the suriaces to be glued that sawdust could concervably impair
any glue joints and abso cause the fit of the joints to be out of
true.

Step three b 1o assemble the cabinet without gluing to
check the fit It 8 also suggested that panels be swapped around
to find the optimum results. Thes step proved to be most en-
couraging i assembled one unit (panets only) and held n
together with just one turn of linen tape (no string please — 1t
can bite into the comers of the chipboard and cause you extra
work later) The cabinet felt as fem as a rock No glue, just well
fitting joints Thus encouraged | rapudly got on to step four
which was 1o paint the face of the baffle board martt black. |
gave it a couple of coats of sanding sealer — not so muchto get
a ‘de luxe’ finrsh but 10 seal the wood surface Chipboard ks pret-
ty thirsty stuff and you can use up a lot of pant if you do not seal
the surface first Just be careful not 1o get any of the sealer or
paint on the edges, as this may aftect the glue joint you have to
make later

Step five Is to glue the midrange enclosures (transmission
tubes) to the baffle boards, using plenty of ghue to ensure an air-
tight seal. The baffle boards are recessed to take the cardboard
tubes so It 15 easy to line up for position, | used Evostik Resin W
which 18 a PVA woodworking adhesive for all glue joints. It is
easy to apply and may be cleaned off the handsiclothes as it b
water soluble. Just don’t put vous speakers out in the rain! Light
pressure to a PVA glued joint gives a better joint 30§ placed one
of the side panels across the top of the four tubes to ensure a
light even pressure. Rather than apply liberal amounts of glue in
one dose | used sufficient so that a small bead of glue was
squeezed out all around the tube This was smoothed around
with a handy finger and when dry a further fillet of glue was ap-
plied all round the tubebaffle joint. Four pleces of approx-
imately 1° thick polyurethane foam are supplied whichmust be



glued 1o the rear (outside) end of the baffle tubes Wharfedale
recommend a hard rubber pad at thes position but as this 1°
foam s to be compressed to about ¥16” ik probably & just as
good.

Step sin is probably the most critic al pont in the whole con:
struction procedure, for at this pont the cabinet panels are
glued together. This entails gluing five of the six panels, the sath
(the side furthest from the midsange enclosures) is placed in its
position while the glue ts setting but is not glued This enables
you to work inside the cabinet. fitting the crossover, acoustic
wadding etc

Wharfedale suggest that the acoustic wadding be attached
to the nside of the panels before you reach this step. Wilmslow
Audio that the wadding be fixed after the panels have
been gl Although | only learnt of Wharfedales' suggestion
after | had completed step six, | favour the Wilmsiow approach
for several reasoms

If the wadding is stucktacked or stapled to the panels
before they are fitted together two things may happen 1) some
of the wadding may nadvertantly get caught between the
panels and cause erther an air gap or 2) force the cabinet to go
together ‘out of true’. Also, with the wadding in place you can-
not inspect the inside comers to check that there & a continuous
fillet of glue all along the joint,

If you choose the Wilmslow way you will have to cut the
wadding to fit around the midvange enclosures but in practice
this proved to be a very simple task

Getting A Grip

Holding the whole thing together while the glue sets is quite
ateaser. | was fortunate to have a set of excellent clamps known
a3 Jet System Clamps made by TMT Design Litd of Leamington
Spa_They cost about £10 per clamp but are worth their weght n
?uld for this type of job. The problem comes from the 1° theck
oam stuck to the rear of the midvange enclosures; this tends to
force the back panel out of posttion. Wilmslow suggest either
that clamps be used or that the joints be held firmly together
with masking tape. it i possible with masking tape but only just;
remember that unike your trial fitting in step three, the foam
pads are being compressed to about ¥16° and all but one panel
has glue all along the edges and is quite capable of siiding all
over the place! | bought a wide webbing strap from a campang
shop to assist the initial stages of holding the four vestical panels
approximately in place while | set up the clamps The cost of the
strap was wasted as | could not get enough tension in it 10 over-

come the sprng in the foam . . a linen tape would have done
just as well! If you are going 10 use masking tape then get some-
one 10 help apply the pressure to hold the front and back panels
n position while you apply the tape Lastly, cut up a than
polythene bag and place four peeces inside each cormner of the
panel that i not to be glued, it would be a shame if thes stuck
tirmly to the rest of the panels by accident!

it 5 useful to have a rubber4aced hammer at ths stage as.
having clamped or taped the cabinet firmly together, you may
wish to tap the panels firmly but lightly nto position. A hammes
and a block of wood do the trick pust as well, but try not to mark
or dent any edges. The places 1o look for out of true joints are
the comers. . . remember once the glue has set there is nothing
you can do, 50 a few light taps now can save the day. Wipe off
excess glue with a damp cloth. Wipe from the centre of each
panel out towards the edge. try not to get any glue smeared over
the panels,

Having completed step sin the rest of the construction is
plain sailing Step seven is simply to remove the loose side when
the glue has set (leave for at least 24 hours) | then put a small
fillet of glue all around the inside of all joints BUT not up 1o the
edges where the last panel s tofit . . . we want it to go back from
whence #t camed

Step eight is to place the drive units and reflex port tnms in
the baffle board and mark accurately where pilot holes for the
foing screws are to be dnlled Although the chipboard is high
densaty it has a fawrly soft texture so it is well worth buying a new
% * drill bit Thes ensures the pilot holes are clean and in the right
place . . wom bits tend t0 wander! Although I'm sure &t is un-
necessary | drilled all my pilot holes just deep enough for the
screws by slipping a small rubber sleeve over the dnll bit at the
right depth. No-one could accuse me of having any extra holes
or air gaps here!

Step nine is to position the grille frame on the front of the
cabinet with the cabinet lying on its back Use masking tape to
hold it in posttion and carefully dnll a pilot hole through the
rnlle and into the baffle board, | used a 116° dnll bet and drilled

our holes, one in each comer section of the gnlle frame. These

holes can now be drilled out to the comect size to accept the
nylon plugs and sockets that hold the grille in place. Wilmslow
supply eight plugvsockets for each gnlle but as Wharfedale
suggested that four would be sutficient | chose the latter. It s far
easier to line up four holes than eight! For the socket in the baf-
fle board | used a 7116” bt and for the gnlle a 7/32° ba. Dont
forget to drill only from the rear of the grille and only to a depth
of % 5N6°. The 116" pilot hole may be filled with wood filler
ET1 APRIL 1882
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but when the gnille material is fitted | doubt that these holes can
be seen |f you are happy with the finish on the batfle board then
lue the sockets in now, if not, then wat until you have quite
nished before fixing them in position. Do not stick the plugs in
the grille untd you have fived the materal in place | used a
quickset epoxy glue for these fittings

Step 108 to rlur the black, acoustically transparent foam
over the insde of the reflex port aperture. You can use either
PVA ghue or quickset epoxy, just be careful not to get any of the
adhesive on the foam where it is over the port.

Step 11 & to position the crossover network inside the
cabinet on the rear panel opposite the bass unit aperture
Before you screw it into position check that the leads from the
drive units Can reach ther appropriate tags! Wharfedale recom-
mend that the crossover has a piece of felt or foam between it
and the panel to prevent any vibration rattles Ao instep 11 s
the fittng of the nput terminals through the rear panel, 1
smeared the threads on these sockets with some latex glue,
again to ensure that there would be no air gaps Solder the leads
from the crossover to these terminals make sure they are
connected correctly, red to red and black to black!

Step 12 is to cut three 5° discs of wadding and place these
in the midrange tubes The Wharfedale instructions that come
with every Speakercraft unit specify that the packing densty of
this wadding should increase towards the back of the tube and
that the tube should be completely filled with wadding In view
of this | cut two extra discs and fluffed out those towards the
front of the tube,

It's In The Bag

Step 13 is to line the inssde of the cabinet with the acoustic
wadding and glue the remaining side Into place Now comes the
tncky bit = how do vou side the wadding up behind the mid-
range tubes? The wadding catches on the side panel and snags
up behind the tubes! Easy — get a large polythene bag 12 or
more wide and about 15” to 18" long. slide the wadding nto the
bag slide the bag plus the wadding up behind the tubes and,
hightly holding the wadding in place. pull out the bag Cutting
the wadding to fit round the tubes sounds fiddly but turned out
to be qurte easy. Cut the holes for the tubes smaller rather than
larger as the wadding will easily stretch to fn comfortably in
place No wadding 1 required on the baffie board but don't
forget to put wadding on the loose side panel before you glue it
into placel The wadding may be tacked or stapled into place

The wadding in tacked or stapled in place.

ETI APRIL 1982

Step 14 Is to attach the wires 10 the drrve units = observing
the correct polarity (it in doubt refer to the Speakercraft nstruc-
tions and doublecheck every connection] and screw all units
and ports to the cabinet. Wire up and fit the bass unit last as the
bass aperture grves you ample room to work mside the cabinet
connecting wires to the crossover. The wires from the midrange
units come through small holes in the tubes and these holes
should be sealed after you have connected the wires to the
crossover. The fitting of the drive units should only be started
after the glue Jomnts of the tinal side have thoroughly set and any
?Iue fumes have completely cleared The comment regarding

umes Is highly pertinent # you are not using a waterbased
adhesive There s a possibility that the fumes could affect cer-
tain plastics used in the construction of the drive units

Step 15: You have two working loudspesker systems, 10
connect them to yowr amplifier and st back and enjoy vour
favourite record

Step 16. The cabinets are now ready for thew final cosmetic
Lr:atmml There are a number of options open to you. they may

® veneered either by you or a local cabinet- maker
® covered in yonon veneer of plastic laminate.
® sealed and then painted (preferably sprayed) n colowr of
your choice.
® Wilmsow Audio abo suggest the use of a ‘Contact’ type
cm:;r;g a3 these can be cbtamed in very realistic wood-gran
fin

Whichever method you opt for you will probably have to
attend to the c abmnet edgevjoints before you can proceed Due
to the small but noticeable tolerances in the cutting of the
panels, the amount of glue and the pressure used during the
construction, there are likely to be a few panels that are slightly
proud of the edges that butt up to them. There are several ways
0 solve these problems but the umplest is to use one of the pro-
prietary wood fillers. Which choice depends upon your chowe
of finsh

If the cabinets are to be covered in plastic laminate you can
aftord to use one of the more easily worked fillers such as Fine
Surface Polyfilla. Alabastine or Plaster of Paris If, on the other
hand, you are going to cover them with Contact” or simply
spray-paint them then | would suggest a tougher type of filler
that 1s less likely 10 crack or crumbile. My choice here would be
one of the car body fillers — they are easwer t0 sand than some
of the loaded general-purpose fillers from the DIY shop. So you
are less likely 1o sand away the wood from the cabinet imstead
of the filler!

The grille material must be stretched over the grille frames
and evther tacked/stapled or glued (or both) to the mside of the
frame. The material supplhed by Wilmslow Audio stretched
easily and evenly, | smeared PVA glue over the rear faces of the
frames (having first painted them black) and stapled the
matenial in place while the glue set When set | trimmed off the
excess matenal (having removed the 50-odd staples) and ran
another bead of the adhesnve over the edge of the matenal

Looking back on the construction of thes E70 loudspeaker
system using the WE70 flat-packs, | can only say that | am very
satisfred with the way they went t There were one or
two instructions that could have been a little clearer but they
have been covered in thes anticle. Common sense would pro-
bably have solved any uncertainties but | chose to phone Rank
Hi Fi to confirm my conclusions The people | spoke to did not
know that | was wrrting thes review and so it 13 a pleasure to say
the they could not have been more heipful This entire project
has been enjoyable from first to last

BUYLINES

Wilmslow Awudss wil the complete WIET0 pachage (Hlat pach,
drivers and all components (or two speakers) lor [220 phus £8 cae-
riage Wilmslow Audio. 33/39 Church Streed, Wilmslow, Cheshire
K9 148,
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AUTOMATIC

CONT

all over? Answer — a

negative, providing you've built this
simple and useful device. Design and

development by Rory

ontrast ratio is a very important
‘ quality of photographic negatives

that must be assessed during the
printing process, in order to select the
correct grade of photographic paper
The contrast of negatives depends on
the type of film used, the lighting
conditions and the developing process;
consequently five grades of printing
paper are available to enable the full
range of tones from black to white to
be reproduced from any negative.
Grade 1 is termed the softest and it is
used with the highest contrast
negatives. At the other end of the scale,
grade 5 is the hardest paper, which will
enhance the tonal variations of poor
contrast negatives

METER

What's black and white and read

RAST /

Py /'
£

6}/

photographic

Holmes.

During the design stage of this
project we experimented initially with
two separate photodetectors which
measured the instantaneous light
difference between two points. There
are a number of problems with this
approach, as the photodiodes and their
associated amplifiers must be carefully
matched in light sensitivity

Secondly, the lightest and darkest
points of the image must be known
exactly, and the two photodetectors
need to be simultaneously positioned
on these points while the reading is
taken. This is an awkward business at
the best of times, but especially so in a
darkroom!

We considered that a different

¢

- PROJECT
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N
. oy, »
’ 4 -
. ot 15
L 2 4," ﬁf’. :
.. ‘0, o

-
3
Cny

&

”

approach was required and developed
the circuit of Fig. 1 to overcome some
of these difficulties. Only one
photodetector is used and the peak
positive and negative voltages obtained
from different light levels are followed
and stored independently by sample
and hold circuits.

Now, as long as the photodiode is
scanned at some time through the
lightest and darkest points of the
image, the peak detectors will
memorize the maximum and minimum
voltages, and thus provide a contrast
measurement.

The photodetector input stage of
our meter is rather unusual in its
configuration. Photodiodes are usually

NOTE

€14 ARE CAJ4D

IC7 15 TLO84

IC3 1S 40668

IC515 LM

0115 ANY PHOTODIODE
026 ARE 1N4148

20118 3vo 2ENER

LEDY-10 ARE 3mm RED LEDS

9V

I T

»
fo
MEASURE/RECORD

’!?&a
v
-
—

LED
1

v
{PP3)

Fig. 1 Circult dlagram of the Contrast Meter.
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used in the ‘photovoltaic mode’ where
the photocurrent developed and
measured is linearly proportional to the
light intensity. Qur input amplifier has
an extremely high wnput impedance
and thus measures the open circuit
voltage generated by the photodiode.
This voltage is logarithmically
proportional to irradiance as the graph
of Fig. 2 illustrates. This is a very
convenient property since the sampling
circuitry can now work on the log of
the light level to provide maximum and
minimum values. By simply subtracting
these two values with a differential
amplifier we obtain a voltage that is
logarithmically proportional to the
ratio of the maximum and minimum
light levels, ie the contrast.

L1 1 —
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- 04—

5]

hd
1

$

=°,;‘. —

]

g

oz ¢ ] e
w

IS =

0.00 0.01 10

IARADIATION imW/em?)
Fig. 2 Response of the photodiode used
in this project.

Meter Made

The ET! contrast meter was
intended primarily to determine the
paper grade for a well balanced print;
consequently a 10 LED bargraph type
meter is sufficiently accurate for
calibrating the five grades of paper. At
today’s prices this also works out
somewhat cheaper than a moving coil
meter and is less prone to damage.
After calibration, the meter will be
found very easy to use. It is switched
on with the ‘samplefhold’ switch in
the ‘hold’ position and placed down
flat on the enlarger base with the
photodetector probe anywhere in the
image area. (The photodiode has been
mounted in a separate probe with its
amplifier in order to keep it as close to
the focused image plane as possible. If
it were much higher than this the
detecting element would pass through
an unfocused image, giving a false
contrast reading).

Any red safety lights should be
switched off before the reading is taken
to avoid error since the photodiode is
responsive at this wavelength. The
sample/hold switch should now be
moved to the sample position; this will
clear any previous reading and start
measuring light variations. Now the
photodiode may be moved across the
image and through the areas that look
the brightest and darkest, This can be

40

done quite slowly thanks to the peak
detectors’ long memory time; however,
several areas should be scanned to
ensure the recording of the true
maximum and minimum. The eye can
be deceived quite easily by those
cunning optical illusions lurking
among the shades of grey!

During the scanning process the
reading on the LED scale will increase
and finally level-off at the true contrast
ratio when the black and white peaks
have been covered. Before removing
the meter from the image area the
samplefhold switch should be set to
*hold’. The meter will now be immune
to further light variations and will
continue to display the contrast
reading for a considerable time, thanks
to the even longer memory of the
sample/hold circuitry!

A true ratio is provided by the
meter and thus the contrast reading for
a given negative will be independent of
the light source intensity and
enlargement size (photographic
aberrations known as “circles of
confusion” may produce sources of
error under certain conditions)
Negatives may thus be compared or
matched for contrast.

Construction

The meter is built into a slim style
plastic enclosure produced by OK
Machine and Tool company. This
houses the battery and main PCB on
which all the parts are mounted. Since
the light sensing element must be as
close to the enlarger base plane as
possible, we have mounted it externally
on a separate small PCB with its
associated amplifier. A probe to house
the external sensor is made from a
short length of aluminium channel
extrusion. Figure 3 shows the

FILED TO SUIT
CASE SiDE

Jemem BO!.T HOLE

"".
LYY -

L " i 60mm
&
SUILD FROM
~ ALUMINIUM
“« EXTRAUSION

ALL DIMENSIONS ARE IN mm

Fig. 3 Details for the aluminlum extrusion
that houses the photoprobe.

dimensions for the probe; if the
aluminium channel proves difficult to
obtain, a piece of the slotted
aluminium extrusion ased for
commercial shelftacking systems is
ideal. This is available from most DIY

stores in short lengths with the required
internal width. After filing or cutting to
the right size, a piece of insulating tape
should be stuck down on the inside to
prevent shorting out the PCB. As shown
in the diagram, a hole is drilled on'the
end for bolting it to the bottom

of the case. This bolt should eventually
be connected to circuit ground, thus
providing screening for the photo-
amplifier. The two PCBs for probe and
main meter circuits are laid out as one
board, and should be sawn apart along
the lines shown on the foil patterns.

For other construction arrange-
ments, the circuit can be left as a single
board, since the interconnections are
already made.

Three wires are used to connect
the two boards together as indicated
on the overlay; these should pass
through a small hole dritled in the case
side where the metal probe case is
bolted on. When the probe
board is mounted and stuck down in its
channel, a piece of thin aluminium
sheet is cut to form a lid with
appropriate holes for the photodiode
and preset. (The photodiode case is
internally connected to the cathode, so
it must not short against the lid).

Calibration

Start with preset PR1 fully
clockwise to set a gain of 1; also set
PR2 fully anticlockwise, setting the
voltage required to llluminate the
lower end of the bargraph at zero, First,
measure a high contrast negative that
is known to require grade 1 paper for a
good average contrast after
developing. Initially a low contrast
reading will be obtained, say about
grade 4 or 5. Now, adjust PR1
anticlockwise to increase the gain of
the photoamplifier. Take another
measurement, when the contrast
reading should be greater. Repeat this
process untit a grade 1 is consistently
recorded.

Now select a negative with very
poor contrast ratio, one known to
require paper grade 5 for bringing out
the contrast. Take measurements
several times while adjusting only PR2
clockwise, until the bottom end of the
scale illuminates at grade 5. The other
contrast grades should now fall linearly
between these points and can be
checked for accuracy.

Although the bargraph display has
a low resolution and accuracy, the rest
of the metering circuit is obviously
much better than this; consequently a
moving coil meter could easily be
added to measure the contrast voltage
for those who may desire greater
resolution.
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PROJECT : Contrast Meter

___HOW IT WORKS

The general circuit arrangement consists of

a photo-amplifier which feeds a voltage
derlved from varying light levels in an
enlarger, to a pair of peak detectors. One
follows the peak positive voltage and the
other the peak negative voltage. The
capacitors used for storing the voltage
peaks in the followers also form part of
sample and hold circuits which are then
switched to ‘hold’ after measurement. Their
outputs represent the marimum and
minimum values of light intensity. A dil-
ferential amplifier then computes the ratio
of these values and the result Is displayed
on an LED bargraph meter.

IC1, a CA3140 CMOS op-amp, s used
as the photodetector amplifier. It is con-
figured as a non-inverting DC amplifier
with a gain variable from unity to about 10,
set by PR1, Although ICY can have input
and output voltages al! the way to ground,
this facility is not used owing to the driving
requirement of the TL083 quad op-amp.
This requires inputs at least 1V above
ground, and thus IC¥'s oulput is offset by a
reference voltage of 3V9 provided by R1,
ZD1and C1. The annde of the photodiode is
connected via R2 10 the non-inverting ter-
minal of ICY which has an effeclively in-
finite input impedance. Thus the open cir-
cuil voltage generated by the photodiode is
ampliiied according o the gain set around
ICY1 and appears at the output on pin &
added to the reference vollage.

The voltage at point A (ignoring the
reference offset) will be logatithmically

proportional to the intensity of incident
light, owing to the properties of the
photodiode (see Fig. 2) R4 and C2 form a
simple filter to remove 100 Hz ripple
caused by AC mains bulbs. This voltage Is
fed directly to the peak detectors. These cir-
cuits are essenlially the same, the dii-
ference being the polarity of the rectifier
diodes. They operate in exactly the same
way, and we shall deal only with the peak
positive voltage follower.

Assume Initially that the CMOS
analogue switch IC3¢ Is open and IC3d is
closed. €5 will be connected to the output
of op-amp 1C2¢ via the rectifiers D4 and 5
{we can ignore the action of R7 for the mo-
ment). C5 will charge up via the rectifiersto
the most paositive voltage peak when the
voltage at point A on the non-inverting ter-
minal is greater than the capacitor voltage
applied to the Inverting terminal. The
voltage held an €5 will droop aver a period
of time due to leakage current through the
rectifiers D4 and 5 and the input bias cur-
rent of 1C2¢. 1C2¢ was chosen as a FET op-
amp with a low input blas current and R7 is
included to reduce the diode leakage cur-
rent.

1€2d Is connected to €5 as a straight-
forward high Impedance voltage follower
to buffer the stored voltage. When the
input voltage to 1C2¢c at point A drops
below the peak vatue, IC2¢’s output will go
negative, reverse biasing D4. However,
1C2d applies the capacitor voltage via R7 to
the anode of DS, effectively removing

leakage current through DS.

The peak positive value of the signal at
A thus appears at point C, and likewise the
peak negative value at point B. When the
analogue switch IC3d is now opened, C5is
disconnected from the peak detector and
acts in conjunction with 1IC2d as a sample
and hold circuit thus isclating the measured
values from further lighl variations.

When SW1lisopen, R8 and R5hold the
control pins 13 and 5 of IC3 low, opening
both analogue switches. This is the ‘hold
mode. When SW1is now closed, the control
pin 13 is taken high, swilching to the ‘sam-
ple’ mode. €3 and RS produce a positive
pulse (about 50 mS)on control pin 5 to brief-
ly short out D4 and D5, so resetling the peak
detector to the current voltage at point A.
When C3 has charged the 1C3¢ switch will
open again, allowing the peak detector to
functidn.

IC4 is wired as a differential amplifier
with a gain of 2, to subtract the voltage at
point C from point B. Since these voltages
are the log of the light levels, the output on
pin 6 will represent the contrast ratio of
these light values.

1IC5 s a standard LED bargraph driver,
the LM3914, The input voltage on pin 5 is
converted linearly to lluminate one LED on
ascale of 10. Full scale deflection(LED 10)is
set internally at 1V2; the zero scale deflec:
tionis set by PR2 anywhere between OV and
1V2 during the calibratlon process. Cé, a
10 uF tantalum, is required for 1C5 to en-

sure stability from oscillation.

NOTE: k = CATHODE

oV +9V

fowrl|

.

Fig. 4 (Left) Component over!ay for the meter

{showing the board uncut).

PARTS LIST

Resistors (all 4 W, 55%)

R1,3, 8 10k

R2, 11,12 100k

R4 2k2

RS 1m0

R6,7,9,10 47R

Presets

PR1 100k subminiature horizon-
tal preset

PR2 1k0 miniature horizontal
preset

Capacitors

1 10u 35 V tantalum

C2 220 25 V tantalum

3 220u 16 V electrolytic

C4 6 82n polycarbonate

C5 68 n ceramic

Semiconductors

1€ 1.4 CA330

1C2 TLOB4

IC3 40668

IC5 LM3914

D1 BPX65

D2,3,4,5 1N4148

LED1-10 3 mm red LED

Miscellaneous

SW1,2 miniature shide switches
Case (see Buylines); PCB (see Buylinesy B1
PP3 9 V batiery (preferably alkaline type).

BUYLINES

The photodiode specified in the Parts List is
the one used in our prototype, but any
general purpose type should do. The case
we used is a Pactec type HP, slze 146 1911
2B mm. The PCB is available from ws using
the order form on page 44 — price Is £2.12.
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HIGH QUALITY MODULES FOR STEREO
MONO AND OTHER AUDIO EQUIPMENT

AUDIO AMPLIFIERS
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ETI PCB SERVICE

Up until now PCBs were always the hardest component to obtain for a projecl. Of course you
could make your own, but why ‘bother anymoret

Now you can buy your boards straight (rom the designers — us! As of this issue all [non
copyright) PCBs will be available automatically from the ETI PCB Servioe. Each board is
produced from the same master used_to build our prototypes, so you can be sifre it's accurate,
and will be finished to the high standard you would expect from ETI.

In addition to the PCBs for this monilYs projects, we are making available some of the more
popular designs from our recent past. See the list below for details. Please note that NO OTHER
BOARDS ARE AVAILABLE. i it's not listed. we dorv't have ot!

APERLTY MARCH 81 NOVEMBER 81
Guitar Effects Una £1.98 [ Engineer's Stethoscope £1.9% [ Musk Processor £5.51
Cluck Eleminator £4.98 O Voice-Over Unit £298
— APRIL T}lo: = O Car Alarm €21
MuniCa .58 I ot
Accentuated Beat Metronome £2.70 Drum Machine (two boards) £4.20 Phone Bell Shtter £232
FEBRUARY 80 O Cuitar Note Expander £240  DECEMBER 81
O Tuning Fork £1.98 Alc ohometer (1 wo boards) 0399
JUNE 81 O Bodywork Checker £1.48
MARCH 80 Manidrill Speed Controller 220 O Component Tester .12
Signal Tracer £1.70 Antenng Extender £2.40
Alien Attack €198 JANUARY 82
AUGUST 80 LED Jewellery. Cross £3.10 U Parking Meter Timer £1.78
0O CMOS Logic Tester €198 Spual(twoboards) £1.98 [ Infant Guard €1.35
(3 Capacitance Meter €22 Star(twoboards) £1.99 Cuitar Tuner (two boards) £4.48
O Uttrasonk Burglar Alarm €298 O Waaphase 0118
FEBRUARY 82
OCTOBER 80 JULY 80 O Ripple Monitor £1.56
Cassette Interface £220 [ System A AMMA-MC £1.99 O Pest Monitor £1.39
O FuzzfSustain Box £245 [ SystemAAPR 6388 O | Ching Computer (two boards) Se:
Smart Battery Charger £148 Moving-magnet stage 8
”
?g::\ﬁ:mw £1.48 O Moving<oil stage €288
Light Switch [1.45 _ AUGUST 21
Metronome £1.4s O System A Power Amp(A-PA) €358 MARCH 82
IW Power Amp £145 O Flash Sequencer £2.38 O infinite Improbability Detector £2.53
RIAA Preampldier £145 O Hand<lap Synthesiser £298 [ Capacitance Meter {two boards)f10.64
O Audio Test Oscallatos £23s O Heartbeat Monitor £1.37 [ Robot Motor Controller £2.85
O Watchdog Home Security Light Wand €1.40
DECEMBER BO (two boardh! £3.94
Musical Doorbell £2.10 APRIL 82
Bench Amplitier £1.90  SEPTEMBER 81 Wattmiser £3.99
‘ouf Input Mmer €1.98 O mains Audio Link (threeboards)  £5.51 Contrast Meter £2.12
JANUARY 81 O taboratory PS5 (3.40 [ Sound Effects board £1.80
O LED Tacho £3.10 High Impedance Probe £1.48
O sMultrOption Siren £240  eroBER 51 2:“" P'“f,"f' m& : E::
I 1 urate Voltage nitor ’
O Unwersal Tamer €248 - £ iorger Thmer 285 C 8
FEBRUARY 81 0O Sound Bendes (3K ]
infra red Alarm (four boards) £4.98 Thermal Alarm £19”
O Pulse Generator £2.68 Macropowet Pendulum £1.66

How to order: indicate the boards required

) with 10 pay by AccewiBarclaycard Please debit vy

4

by ticking the boxes and send this page, S
together with your payment, to: ETI PCB
Service, Argus Specialist Publications Ltd, [51212][4}[ I l ][ 11

145 Charing Cross Road, London WC2H
OEE. Make cheques payable to ETI PCB
Service. Payment in sterling only please.
Prices may be subject to change without

oy fj—
ﬁ—-r—-—J
LI L

111
@ef2[e[ T TT ]I TP 1]

b

Add 40p p&p
Total enclosed

notice. .
Name
Total for boards £ Address

0.40
3
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FEATURE

DESIGNERS
NOTEBOOK

Five into one does go. This month Don Keighley explains all about
sampling and time-division multiplex systems, and looks closely at the
advantages of pulse-width modulated telecommunications networks.

combine many different signals on to a single transmis-

sion line. The transmission line can be of any type such as
wire, radio, or optical. Combining several signals into one is
called ‘multiplexing’ and can save the expense of having many
separate lines. Sampling is used in a specific type of multiplex-
ing called timedivision multiplexing (TDM) which I'll explain
later. The othet form of multiplexing — frequency-division
multiplexing (FDM) — is the basis of all standard radio transmis-
sions. Each signal to be transmitted is mixed with a carrier wave
(or radio frequency) on to a set frequency within the radio spec-
trum. Thus many signals can be transmitted and received by
radio link — one on each defined frequency of the radio spec-
trum,

Figure 1 shows an illustration of sampling. In the figure, a
sinusoidal signal (known as the message signal) has a series of
values taken at regular intervals. These sample values can be
used to represent the message signal. For instance, we can pass
the actual DC values of the samples, ie their voltages, along the
line. At the other end of the line the sample values, or pulses as
they are usually called, are converted back into the message
signal, simply by passing them through a lowpass filter. The
filter removes the high frequency pulses and thus re<creates the
envelope of the original message signal — as shown by the
sinewave of Fig 2.

One of the most important questions arising is — How
often do we need to sample the message signal? It is obvious
that if the signal is sampled too few times we won’t be able to

S ampling is a process we can undertake if we want to

VILTAGE

Fig. 1 A message signal can be represented hy a series of sample values
of the signal.

VOLTAGE

Fig. 2 1f the series of sample values is passed through a lowpass filter
the original message signal Is recrealed.

ETI APRIL 1982

reconvert the pulses into the message signal at the receiving end
of the transmission line

The minimum number of samples is given by the sampling
theorem, which states that a message signal of bandwidth B Hz
can be represented by a set of sample values taken at a frequen-
cy of 28 Hz. For example, an audio system has a frequency
response of 20 Hz to 20 kHz. Its bandwidth is thus 20,000 — 20
= 19,980 Hz. The audio signal of the system can thus be
represented if samples are taken at 2x 19980 Hz = 39,960 Hz

But the minimum number of representative samples (28
Hz) isn’t the easiest number of samples to convert back into the
message signal_ It's usual to take a greater number of samples
because doing so makes the reconversion easier. To see why
this is so we've got to take a look at the spectra of the trans-
mitted samples and see how they differ when different sample
frequencies are used. Figure 3 shows the possible spectrum of a
message signal such as an audio signal. It's the sort of result you
would see an the screen of a spectrum analyser. Frequency f_is
the maximum frequency contained in the signal. The lowest fre-
quency contained is 0 Hz (the signal extends down to DC}; so the
bandwidthof the messagesignal isf | — 0 = f_Hz

When the message signal is sampled at a frequency f, the
overall spectrum looks something like that shown in Fig. 4 and
consists of components at harmonics of the sampling frequen-
cy. with upper and lower sidebands around them, as well as the
original spectrum of the message signal. InFig. 4 youcan see the
sampling frequency, f is more than twicef_ — hence there s a
gap behween the highest frequency of the higher sideband of a

POWER DENSII Y

A

FAEQUENCY

Fig. 3 Power densitly spectrum of typical audio signal. The higher
frequency component in the signal is § . The signal extends down to 0
Hz, so the bandwidth of the signalis {,, Hz.

.; 4
% Vo,
JAVA'AVA'A

Fig. 4 Power density spectrum of an audio signal, sampled at a
frequency of i,. In this example, f, is greater than 26

F



ROLLOFF SLOPE
b of st
LOWPas5 FILTER o ¥,
\\/ SART OF MESSAGE
SIGNAL FILTERED OUT

A
ANAAAW
w 0. o,
FREQUENCY

POWL R DENSITY

Fig. 5 Sampling frequency f, equals 2{ . A simple lowpass filter may
filter out snome of the wanted message signal.

-

»

[l

@

z

5 I.< 2'"‘

-4

| fwm_.

'm . ;l ?"
FREQUENCY

Fig. 6 Sampling frequency less than Ilm. A lowpass lilter cannot be
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Fig. 7 A simple lime-division multiplex {TOM) system,

component and the lowest frequency in the lower sideband of
the next component. This gap between bands means that a sim-
ple lowpass filter can be used at the receiver to pass only the
message signal and not the higher components: so the message
signal is recreated.

With a sampling frequency of only 2f _ (Fig. 5) the highest
frequency of one band and the lowest frequency of the next
occur at the same point. A simple lowpass filter would filter out
some of the message signal, as shown in the figure. A more com-
plex lowpass filter (with a steeper roll-off slope) could be
usedto correctly recreate the message signal.

In Fig. 6. f, is less than 2f_ and, as you would expect, the
spectrum shows how message signal and sidebands overlap. A
lowpass filter cannot be used to recover the whole of the
message signal without letting through part of the next side-
band.

TDM Tricks

A simple TDM system is shown in Fig. 7, in block diagram
form. Each signal to be transmitted is connected to an input of
switch SW1. This switch, although shown in the diagram as a
mechanical-type switch, will be of electronic construction in a
real TDM system, so that a high switching speed can be ob-
tained The output signal from the switch is transmitted along
the transmission line to switch SW2, which connects each
receiver, in turn, to the line. Providing the switches are operating
fast enough sa that the sampling theorem is fulfilled (f, = 2f,)
for all the message signals, everything is fine and we have five
signals passing down one line

The whole process of samipling and TOM is a form of
modulation because only a representation of the message
signal is transmitted, not the actual signal. And because pulsed
samples of the message signal are transmitted, we call the pro-
cess pulse modulation.

46

—,

VvOLTAGE

10

Fig. 8 Pulse-width modulation. The width of each pulse varies in
accordance with the amplitude of the message signal.

[N LARRIT

TIME —
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(] POSITIONS
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TIME —

Fig. 9 Pulse-position modulation. Each pulse’s position, with respect to
a reference point, varies In accordance with the message signal
amplitude.

[ 1 1
PULSE-WIDTH | PULBE-WIDTH
D“l AclFiey Hnoouu'roa b /oEN0DULATORI, MPLIFIA '—':G
 SE—— ‘ J

MICROPHONE LOUDSPEAKER

Fig. 10 A pulse-width modulation microphonelloudspeaker system.

There are various forms of pulse modulation which can be
used in a TDM system, all relying on the fact that the original
sample values control some property of corresponding pulses.
The one just described uses the DC value (ie amplitude) of the
pulses and is therefore known as pulse-amplitude modulation.
Other forms of pulse modulation are: pulsewidth modulation
{where the width of the pulses is varied according to the sampl-
ed value) and pulse-position modulation (the position of the
pulse, relative to a reference position, is proportional to the
sample value). Figures 8 and 9 show examples of these pulse
modulation systems and the sampling frequencies of both must
follow the sampling theorem — the sampling frequency must
be at least twice that of the message signal bandwidth. Thereis a
final pulsed system, in which each sampled value is converted
into a train of binary digits. This is, strictly speaking. a digital
system and doesn’t concern us here; however the system must
still follow the sampling theorem.

Practical Matters

With careful design all the pulse modulation systems can
give good results in TDM but perhaps the best — because it's
easy to use, has a highimmunity to interference and yet needs a
minimum of component hardware ~ is pulsewidth modula-
tion (PWM). Figure 10 shows a block diagram of a PWM
microphone/loudspeaker set-up — such as you might have ina
multistation intercom system or similar

We can investigate the modulation and demodulation
blocks in more detail, as in Fig. 11 and 12. Figure 11 shows a
simplified pulse-width modulator. It consists of an oscillator to
provide sampling pulses at a rate of over 2f, so that the sampl-
ing theorem is fulfilled. In a good quality audio modulator, the
sampling rate is therefore over 40 kHz and the time between
pulses must be 1/, = 25uS.

The pulse duration is less than this, say 1 uS, and each pulse
charges the capacitor C1 to full voltage After charging, the
capacitor is linearly discharged viathe constant current source
The cycle repeats itself at every pulse. The capacitor'sdischarge
rate is a product of the capacitor/constant current time cons-
tant, which should be about 2 uS. Comparator ICt compares the
ramp discharge with the incoming audio signal — when the
non-inverting input voltage is above that of the inverting input

ETI APRIL 1982
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Fig. 11 A pulse-width modulator in detail.
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Fig. 12 A pulse-width demodulator can be built using the same basic
compaonents used in a pulse-wldth modulator.

AUDIO QUTPUT

the comparator output is high; when the non-inverting input is
below the inverting input the output is low. Thus the output is
high the instant of every sampling pulse, but falls low again after
a time which is finearly related to the amplitude of the audio
signal. In otherwords, the width of the pulse is modulated by the
audio signal.

A pulse-width demodulator is shown in Fig. 12. A capacitor
with a parallel constant current source is again used and the in-
coming width-modulated pulses cause a charge/discharge cy-
cle similar to that in the modulator. The average DC level of
charge across the capacitor is dependent on the width of the
pulses — the wider the pulse, the higher the DC level Buffer IC1
prevents loading of the voltage across the capacitor and the
output is lowpass filtered by capacitor C2 to remove the sharp
spikes of the sampling pulses, thus re-creating the original audio

The advantages of such a system aren’t always immediate-
ly obvious, but you must remember that the audio signal is
being represented by a pulse of nominal width 2 uS in a cycling
time of 25 u$. This means that 12 different, high-quality audio
signals can be time-division multiplexed down that transmission
line simultaneously and without interference — and thisis just a
simple system. With a shorter nominal pulse width and more
accurate modulators and demodulators, many more signals
can be multiplexed on to a single transmission line.

It’s all down to economics really. When you look at a large
telecommunications system like the telephone network, there
are literally thousands upon thousands of miles of expensive
copper cable. By putting 100 telephone conversations down
one line the overall cable cost is only 1/100th of that of a non-
multiplexed system. Makes sense, doesn’t it!
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One of the attractions of the more sophisticated video games seen in
‘fun’ arcades these days is the realistic array of sound effects that go
with the action — gunshots, bomb whistles and explosions, etc. Make
some yourself with just one IC. Design by Phil Wait.

hose ‘cannon shots’ and
T explosions that go with the

popular ‘Space Invaders’ video
games and its variants add a measure
of interest, feedback and stimulation to
the action in which you participate on
screen. Those sounds are electronically
synthesised — that is, they consist of a
complex mixture of waveforms that
make up the required sound

A ‘bomb drop and explosion’ is a
remarkably complex sound when
analysed carefuly. Looking at it simply,
there is a descending tone followed by
a burst of noise that dies away in
intensity. The descending tone starts at
quite a high pitch and is not a ‘pure’
tone (ie a sine wave) The explosion is a
burst of noise that commences
suddenly and dies away slowly in a
recognisable way (usually
exponentially) While it is possible to
electronically produce very nearly an
exact replica of a bomb drop and
explosion, some compromises are
acceptable to reduce the complexity
and cost of the task and yet produce a
recognisable replica of the sound.

To produce such sound using
conventional components —
transistors, diodes, op-amps, resistors
and capacitors — would require a
whole legion of components.
Fortunately, the IC maufacturers can
come to our rescue here and much of
the circuitry can be incorporated into a
complex integrated circuit requiring the
addition of a minimum of external
components and the appropriate
interconnections to synthesise the
required sound. Generating a wide
variety of sounds fortunately requires
only a limited number of functional
blocks, such as: a noise generator,
voltage controlled oscillators,
multivibrators, envelope generators (a
sort of modulator), mixers and
amplifiers. Tim Orr discusses such
circuitry elsewhere in this issue

Texas Instruments, the giant US-
based component and equipment

50

manufacturer, have designed a series
of complex function ICs for various
applications and among them is the
SN76488 Complex Sound Generator.
This chip contains both linear and
digital circuitry and is intended for use
in applications requiring audio feed-
back to the user — video games,
pinball, alarms, toys, etc, or industrial
indicators, feedback controls and the
like. Power consumption is quite low,
allowing battery operation, and only a
single supply rail is required.

The SN76488 is contained in a
28-pin package and can be purchased
for less than £5. It is quite a versatile
chip, but we have chosen to describe
how to obtain only two sound effects,
these being a bomb drop and
explosion, and a steam train and
whistle. The former is described here;
the latter appears on page 118.

Construction

Both the projects described use
the one PCB design. Only the required
components are assembled into the
board according to each overlay
diagram to obtain the required sound
generator. Naturally enough, the
polarity of the IC should be noted as
well as the polarity of electrolytic and
tantalum capacitors used. Commence
construction by assembling the passive
components, followed by the IC. This is
not a CMOS device and no special care
is required, apart from being careful
not to bend any pins under the device
when inserting it. If you wish, a socket
may be used for the IC. This way, you
can assemble both projects and
purchase only one IC, swapping
between the boards as you need to use
them|
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Fig. 1 Circuit diagram of the Bomb Drop and Explosion
sound effects board.
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PROJECT : Sound Effects

Wiring to the switches, the speaker

and the supply should be attached last.

The unit may be mounted in any
convenient-sized box and the speaker
mounted on the front. Alternatively, it
may be wired into an existing piece of
equipment. We'll have to leave these
arrangements up to you.

Projectile Project

This produces a ‘bomb drop and
explosion’ sound at the press of a
button. Alternatively, the push-button
PB1 could be replaced by a pair of
relay contacts operated by a piece of
equipment or a transistor (emitter to
pin 9, collector to other side of PB1)
that is turned on by a logic high
applied to its base via a resistor.

This project is one of the most

complex, using almost every functional

block within the SN76488. Varying R3
and C3 a little will vary the pitch range
of the ‘bomb drop’ (desending whistle),
while varying R4 or C4 a little will alter
the characteristics of the explosion.
Note that it is generally easier to “fine
tune’ things by varying the resistor
values. The duration of the event can
be varied by changing the value of
either C1 or R1 and the decay of the
explosion can be changed by varying
RS (varying C5 produces quite gross
changes in the decay period).

Watch that you insert the link on
the PCB in this one, located at the

‘notch’ end of the IC
PARTS LIST
Resistors (all W, 5%)
R1.2,5 1m0
R3 470k
R4 20k
Capacitors
C1,5 4u? 16 V PCB electrolytic
C2 22u 16 V tantalum
Cc3 4n7 ceramic
Cc4 470p ceramic
Cé6 10n ceramic
c? 100u 16 V PCB electrolytic

Semiconductors
Ict SN76488 (see Buylines)

Miscellaneous

PB1 SPST push-button switch
PCB (see Buylines); 50 mm diameter 8 ohm
speaker; PP3 battery and clip.

HINVIAS

Fig. 2 Component overlay for the

Bomb Drop board.

HOW IT WORKS

_______BUYLINES

! Very few components and very few supply
| problems with this one. The SN76488 is an
improved version of the Texas SN76477 and
ican be obtained from Technomatic. The
PCB will cost you £1.80 irom our PCB Ser-
Lvice; see page 44 for details.

This unit employs most of the function
blocks in the SN76488. The SLF provides a
linearly Increasing voltage waveform, or
ramp, to the VCO, taking several seconds
for the ramp vollage to rise from zero to
maximum value. The causes the VCO to
produce a tone which ‘glides’ down in pitch,
making the ‘bomb drop’ elfect. The eaplo-
sion is generated by the Nolse
Generator/Filter and the Envelope
Generator. It starts with a burst of noise,
which dies away in intensity exponentially
in a few seconds.

The whole sequence is triggered by
operating the pushbutton, PB1. This applies
a high{+ 5 V) to the input of the System In-
hibit block, pin 9. This in turn triggers the
One Shot and the Envelope Generator. At
the commencement of the One Shot timing
period, the One Shot triggers the SLF HIJLO
Sync, starting the SLF, and the VCO does ils
things. At the end of the One Shot timing
period the Envelope Select Logic becomes
operative. the SLF Is disabled and the

Envelope Generator commences to do ils
thing. The Mixer selects the VCO outpul at
the start of the One Shot timing period and
the Noise Generator/Filter output at the
end of the One Shot timing period. Thus the
two sounds are swiltched through to the
sudio output stage in sequence, the
Envelope Generator modifying the noise so
that it dies away, the time it takes to do so
being controlled by the time constantof RS,
Cs.

The starting pitch of the VCO is deter-
mined by R3 and C3, the rate of rise of the

voltage ramp produced by the SLF is deter-

mined by C2 and R2, while the One Shot
timing period is determined by the time
constant of €t and Rt. The frequency
characteristics of the broad-baad noise pro-
duced by the Noise Generator are modified

by R4 and C4 connected to the noise filter |

control pins (5 and 6).

Audio output is coupled to the
loudspeaker via €7, a 100uf electrolytic
capacitor.
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tHEe 1982 (CASIE) worLD BEATERS

Our prices are the lowest authorised dealers are allowed to advertise:
E"‘Eﬁs lower prices = no Casio guarantee (E&OE). Nevertheless we can
8 beat any lower price by 5%°. We have scanned last month’'s

magazine for you and marked the lowest price we could find against a
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~——THE SENSATION OF THE JAPANESE MUSIC FAIR

Designed by a genius. Controlled by a computar. Programmed by a leser. Played by amateurs professionally and by professionats superbly.

THE NEW CASIOTONE 701

what & going 10 become THE instrument of 1982 . probably the best instructive
keyboard | have come across. But k 8 aiso 3 Top hne muscal instrument capabie of watistying
even the rmost proficient musician 1 suggest you place yous orders now.”
Keyboard & Music Plaver).
' opens up home mutic making for il the tamily ., ons ol the most advanced MuliC
teaching 8ios 3o far developsd . . . this instrument ig going 10 be one of the biggest seiflers of
1902 . {Electroncs & Mussc Maker).

Complete Programmable Polyphonic Keyboard
(RRP £555) ONLY £495

# Input sn entire pisce of music, specsity scored in bar code and read by a kght pen
attached 10 the instrument.

% Anternativety, program your own melodies imax. 345 steos). chords {iman. 201 steps) end

temoo. via the keyboard, into the extensive memory, lup 10 5 minutes playng or morel

with full editing facikities

3 WAY PLAYBACK.

Automatic plsyback of the entire piscs: melody, chord, bass and rythm with o/ Deggio.

Follow the madody as it plays vid lamps sbove sach individusl key.

Manua! melody playing, guded bry the kevtoard Wmps. with automatc bass and rhythm

SCCOMPanIMaent.

ONE KEY PLAY tacility, allows the meiody ine 10 be Disyed. simphy by stroking one key

Non-players can become Instant Musicians!

The 5 octave, B-note potyphorc keyboard can be solt into 2 & J ocraves and a different

voice can ba selected for the accompaniment,

20 “breathtskingly chesr and brght’* pre-set NSTruments and voes

3 way chord section: — Fingersd, Memory and Cassochord suto sccompaniment,

16 rhythm sccompeniments with “fill in” varistion and two percussion effect buttons,

Start/S10p, Synchro, Tempo and Balance controls. Vanadie Vibato and Sustain. i/p B

o/p jcks. Imegrai /apeaker. Musx ook, AC onty, Dvna: 5 x 37374 « 13 4/18°

Opuonal extris: Foot pedais. Hard case

-

sk & ¥ M

CREDIT. 0% interest, ¥ deposit, 12 monthiy repayments. (Mot MT-31, |
MT-40 or VL-1), or reduced rates for ionger pariod

JNTEREST 0% )on ACCESS, B'CARD or VISA for fitst 9 months, for any I
kevboard purchase over [90.

'FREE

NEW PORTABLE KEYBOARDS
CASIOTONE MT-40

{RRP £125)
AN INCREDIBLE £99

. polyphonic playing of this 37 key, Joctave keyboard.
2‘.‘::;: bass kevbowd with automatic synchronsed bass funcbon
22 Wvaly and reslistic buit-#h natrument sounds 3nd vorces.
8 budt-in suto rhythms, with duat “Fill-in Arythimie imteludes.
Sustein, Vibrato and Pitch controis. Line out and Headphone ,:(‘::lu, e
Integral ampiifier and speaket. Battery powered, of optonsl adeptor. Dimas
584 x 178me (277161 X B x T Weight: 2.2kg {49}

PR R 2 2

CASIOTONE MT-31

e - -
R .\"-\'\\‘\\\\\‘\\\\

o e {RRP £79)
u ONLY £69

€ bascaily 8 revision of the MT-30 (one of vy afl tirme favours slectronic keyboards).
Eectronics & Music Maiar,

Sumiar 10 the MT 40 but withow the rhythm box, bass and suto functiom. Dimensions: As
MT.40. Wesght: 2.0kg {4,41b) inchuding batteries
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£100 COMPUTER

“Can do the job of a micro costing four times as much”!
Personal Computer World

CASIO FX-702P POCKET COMPUTER

ON LY £9995 Manutactures's pnce reduction 1/2/82)

Pus FREE MICROL Professsonal Programming Pack IRRP £9.95)
Or we wiil beat any lowe: advertised price by 5%

Eat your hearts out, H-P, Sharp and Texas!

The Camc FX-702P features: The t program stordge capacity (up 10 1680 steps). the
Crggest duth stordge capacity (up to memories), and the widest range of math, scence
and statstics functions (56 in all, including Regreasson end Correlation), the most powertul
English-like BASIC BN -With I.ngul%o and the fastest operation, for results without
waiting! Subroutines: 10 levels. FOR: NEXT iooping: B levels. Comorehensive edit, debug
and trace modes. 24C nours bettery fife. 17 x 185 x Bmm.

FA-2 Cassatte adaptor for bulk storage of programs and date, with powerful file name and
remote control options. ONLY £19.96

FP-10. Pormanent haed copy printer: tull 20 characler line width, fast 40 character pe: second
print speed. 2.600 lines oo roll. {Low cost repiscernent rolis, £2 80 for five). 6,000 to 9,600
iings battery Bte. Rechsrgoable battery pack, NP-4M, printes 13,000 hines (€5.90) Mans
acaptor, AD-4150, [B
FP-10 Printar ONLY £44.95
Phus FREE Pack worth £5, or we will beat any ‘owes price by 5%

SYSTEM PRICES — Save up 10 £50 on RAP
ing P

PACK A: FX-702P + MICROL Professsonal Progr £99.9%
PACK B: FX-702P # FA 2cassetiginterface + PPP ¢ PROCOS €139.96
PACK C: FX.T02P + FP-702P & FP-10 Printer + FA-2 + PPP ¢ PROCOS [17595

MICROL PROCOS for the 702P, Exclusive to TEMPUS

Now you can create powerful, relisble programs i just IMinutes with this advanced integrated
operpting system, even i you have rever programmed 8 computer betoret “Viscalc type 1
System snawers “what 4’ questions and anatyses trends. On ready-10-fun casserte, with user
manual

CASIO FX-602P The World's Fastest Programmable?

*

LCD asipha/ numenc idot matrix)
scrolling dispiay

Variable input from 32 progrem steps
with 88 memonies, to 512 steps with
22 meMmoOres.

Memory snd  program
when swrtched oft

Up to 10 oeirs unconditional jumps
1GOTO!

Conditional jumps and count jumps.
Indirect addressing. Manusl pumo

Up t0 9 subcoutines, up 109 ievels

50 screntific tunctions, sl usable in

]

retention

programa.

PAM (Algetrane] with X3 brackets ot
11 levela.

Program #nd data 3107808 on Cassetle
wpe using optonal FA-2 remote
control adaptor, £19.95

# Compatible with the FX-501P and

FX-502P
9.8 x 71 x 1412mm. 100g

ONLY £74.95

& % = & & *

]

Pius FREE MICROL Professionat Proge Pack (RRP £9.95}
Or we will beal sny lower sdvertned prce by ?*




READ/WRITE

Dear Mr. Ron Harris Sir,

We seem to have been hearing
quite a bit about System A recently;
technically it looks a rather nice
amplitier. However, it’s difficult to tell
how good commercially-produced units
are with only limited information
available about them. So what about
the other end of the problem — what
does System A sound like, compared
with other ampiifiers? Unfortunately, |
can't see any of the hifi mags doing a
review of it, so — how about you doing
one (totally unbiased, of course} please,
pretty please? Come on, put your
reputation on the line!

Yours grovellingly,

M.R. Barrett,

Hove.

Certainly not. Someone might chop it
off!

System A has a comparable sound
to any of the more highly regarded

commercial units. Listening tests we
have conducted over the months since
the creature’s gompletion, have shown
it (the power amps) to have a more
detailed and open midrange/top than
ANY we have compared it to. The top
commercial boxes — Threshold,
Monogram, Carver, etc can exhibit a
better bass control than the System A
however, but as to whether or not that
is important for your particular
application (ie loudspeaker), | could not
say (because you haven't told me what
speakers you've got, have youl).

Anyone contemplating building a
System A is welcome to write to us for
advice on speaker matching.

Dear Sir,

I read with interest the articles in
the july and August editions of ETI
describing the construction of the
System A Audio Amplitier, as | have
been on the lookout for a high-quality

class A amplitier design for some time.
My particular interest in class A stems
from the fact that | own a pair of
Lowther loudspeakers — these units are
almost ridiculously sensitive, requiring
only some 10 W or so of input to
produce the equivalent scund output of
a conventional 100 W system. Civen
this sensitivity, most high quality class
AB amps are only ticking over when
driving a pair of Lowthers, and hence
are working at the highest distortion end
of their operating range. Hence the
interest in class A, where no penalty is
paid for operating the amplitier at low
levels of power output However,
before going ahead and building the
System A, | would like the answers to a
couple of questions. Firstly, the July
article heralds System A as "quite
simply the best, designed to out-perform
even commercial equipment.” There is,
however, no objective assessment or
comparison to back up this claim, and
before laying out the not insignificant
construction cost, | would like to see
the amplifier reviewed, preferably
alongside its “competition” in the
commercial amplitier field. Is this a
possibility?

Secondly, the high power output of
the System A seems more than a slight
degree of overkill in the context of my

If you haven't
bought me yet —

it's high ‘time’
Youdid!...I'm
only £24.50

ohms Abschite Bargan

" RELAYS 8Y
CEYSWITCH
104 2-Poke C/0O 240V
ONLY 80p
2100 €150
5tor £3.50
RUBDER GROMMETS
for 200
STRAIN RELIEF SLEEVE
1010 30p
USED
EQUIPMENT

Ex:P 0. Muimeters in ieather
cane. AC/DC volts, DC current

LOW-COST, RUGGED
TEMPERATURE CONTROL

. HIGH QUALITY
"\ TEMP. GAUGE & - 120°C

RomMote sansor on 38
capsitary, panel Mmounting
e Shvn | e,

e

. ONLY £1.85

16A 240V RANCO THERMOSTAT

Wide control range (10w rO0M lemp 1o over

Sensor on 22 capdkary £2.30. ncluding conttol knobd

RANCO THERMAL CUT-GUT 100°C
154 240V. Senmng cod on 41m. capibhary janel
mounting with reset button £1 .20

BUY ONE EACH OF ABOVE FOR £4.85

It's true! Continuing our special ofter {while stocks last}
means thete's still nearly £5.00 off the price of ‘Speech:
time the first ever easy-to-build speaking clock kit.
"Speechtime’s combination of electronics and quartz
technology plus c¢lear instruction manual make it fun to
build and fun to own equally suitable for beginner or
expert.

Speechtime also makes a great gift to build for someone
elsa. Look at these 'plus’ features:

® Accurate to a minute a year ® Adjustable voice pitch
® Pocketsize — approx. 5in. x 2%in. x lin.
® Grained stainless-steel case
@ Usetulin the home or office

Silicon Speech Systems

(A Powertran Subsidiary)

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS., SP10 3NM

= EASY ORDERING BY TELEPHONE
|"="‘“"[ RING ANDOVER (0264) 64455 [ |
vy AND GIVE YOUR ACCESS OR ~ i
BARCLAYCARD NUMBER

TranssAtorded Insulstion Tester
s lowl  dorade  rewstence
Drogt  with  four  range:

Invaluatio plece of 103l paar. In
case with carrying hancke. Uses

LATCHING RELAY
WITH MANUAL

one PPObam. (1500« £2PP B RESET
G Q' . 3 POLES BREAK
o e tyle aaphones
Frisaral e WHEN ENERGISED
210 (9 + £280.5tcr €20 - 1S FONLY £1.00

Roburt Melal Catmiety spprys
127~

Rubber Caou ¢ smail for 10

€350 + €180 PEIP 200
10 Assorted P.0O. Rutays

£300 + £150 PP contact 10p

% Dwit Counters 48V cod, Non
resctobie Sp

VERY SPECIAL OFFERS
Rotary Wafer switches 5p 8w
2p9W - S0p

Spring-retutn lever 5p switch SDT 50p
Tag-ended electrolytic 4700. 63V 75p

£1.10

FREE on request Leatier
‘D.1.Y. Telephone Systems and

Automatic Exchange Dasig

LE.M. SERVICES

239 RUGBY ROAD
LEAMINGTON SPA CVI2 60Y*
WARWICK SHIRE

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

unless stated otherwise

TEL: 0926 30622 FOR QUANTITY DISCOUNTS ETC
ALL ITEMS — MONEY BACK IF NOT DELIGHTED
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Lowthers Is # reasonable therefore, (O
construct a lower power version of the
power amp sectiont If so, what
modifications shoukd be made to the
present design?
Yours sincerely,

Jettree,
Milton Keynes

Taking the two points you raise, in
order; first we beel it is inappropriate
for us 10 review our own product
against anyone else’s. (Would you
believe us anywayl) ‘Objective’ would
not be an appropriate word 10 apply to
such a test.

System A has aroused a great deal
of interest and we know that a large
numbet of sets have been completed.
There is probably, however, a larger
number of people still who would
tackle the project, if only they could
get 1o hear one fint! Accordingly any
owners of 3 System A who would be
prepared 1o let a fellow ETI reader have
a hsten, can write to us and we'll run
the lettens herein. Secondly the high
power output of the amp will not be
wasted, even on your Lowthers, it will
umgply provide you with more
headroom — and hence a cleaner
sound with better bass output on
transients.

Dear Mr Harrrs,

{ am writing for advice on the
purchase of an amplitier and speal.ers
combination | st my present system
below.

Homebrew 10 W amp
Ferguson (1) 3way speakers
{actually 2-way, 3cone)

Realistic 31-987 Craphic Equaliser
Hitachi D-225 Cassette Deck
Pioneer PL-300 turntable (the latest
addition{)

The ampiifier now coases to be of
any great use m tevms of power,
although qualny 8 more than adequate
{based on BiPak ALIOA} | have
considered NAD 3020, Pioneer SA410,
and also the “Audiophile” amp. the
MOSFET amps from W Rimmer. and
the Limley-Hood kit from Powertran
The last three give me exira headroom
and | would like to feed them into
AR 18 speakers from Ac tiC Re

‘l ‘7 'l )
on the Ln Hood 75 De LusaAR 18
combination, plus any comments on
the other “possibies
Also, the Pioneer PLI0D | have just
bought i certainly the best turntable |

FEATURE

have heard at the price (£79.95) and |

can’t help wondering why A gets so Intie

attention. Perhaps you can fll me in?
Thank you for your valuable time

X Crary,

Htord. Essex

PS When o FelicRy Kendall to return to
our screenst

The AR18 s a fine unit and if you like
the sound of them. go abead and buy
younsell a pair. You haven't named
your cartridge 10 Fve no idea if it
matches

Ditch the equaliser, with decent
wpeakens and amp, you wort'l need it!

As to amplifiers, from the units you
mention the Linsley Hood power amps
are the best bet, but the preamp of that
unil is getting a bit long in the tooth
now, although the sound quality is still
very good by any standards. Have a
listen to the Crimson CK1010/1100 sed-
up belore you decide, however, as it is
» your price range and offers a high
quality altermative.

The Ploneer P1LI00 t have not been
able to listen 10 at any length and must
thus refrain from commenting upon!

—

EXGITING OFFERS!

IﬂGﬂlLVO{nIﬂTRIKKNIE

Fully built & tested

ALARM

*Part s rowmiee comagn wn 05 30 LE

.l

Temperature Measurement

Power Supply

o Post amd) packing charge S0p per order. © S AE. with ail
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Fully built
& testod -~

€10 9%

Power Supply &

ULTRASONIC

Range adjustable
o from 5° - 26’

gty

Siren Module

Rol.ay Unﬂ £3.95 var £2.57.var

£2.15 .var

£4.95 .var

4 M esrh =~ VAT

Hardware Kit £3.95

wiced ciectionic Y| RISCOMP LIMITED

POUIrS iR

Dept. E.T.1.5.
2% Duke Street,

Princes Risborough, Bucks
Tek: Princos Risborough (084 44) §X28



TECHNOMATIC

"TECHNOMATIC” compliments “ETI”” on its 10th anniversary and takes this
opportunity to announce some facts about “TECHNOMATIC”. ETI readers and our
customers, have seen, over a number of years, our advertisements containing
product listings etc., but no details on our policies or capabilities. We now rectify
this situation for sake of completeness.

Our aim is to supply prime grade components which are fully guaranteed and
backed by manufacturer/distributor. We stress the fact that we are totally quality
and value conscious and handle components from major manufacturers.

Our volume buying enables us to obtain preferential prices and the savings are
passed onto the customers in the form of low prices — sometimes lower than trade!

As a matter of routine, we provide by return of post’’ service, and all orders
received by 3.30 pm are despached on the same day. Our in depth stock holdings
enable us to do this. Why not test us on your next order?

And some more facts:

We stock the widest range

LON DON’'S No 1 of micro processors in

LONDON

We are fully authorised distributors to the hobbyist market for TEXAS
INSTRUMENTS, World’s No 1 semi conductor manufacturer.

We are a major distributor of ACORN COMPUTERS who manufacture ATOM,
ECONET and BBC microcomputers. Other dealerships include VERO, OK Machine
Tool, GSC, ILP, and AP PRODUCTS.

We carry large stocks of MICROS, MEMORIES, TTLs, CMOS, LINEARS,
OPTO-Devices, TRANSISTORS and other semi-conductors. We can normally offer
ex-stock deliveries to volume buyers at special prices.

Our connector range includes: T! Sockets, IDC connectors, Euro connectors,
Min-D connectors, Juniper Leads and a variety of Edge connectors.

We also carry in stock EPROM programming equipment including Softys,
ganged programmers, erasers etc.

GET THE BEST VALUE FOR YOUR MONEY

TECHNOMATIC LIMITED

1517 BURNLEY ROAD 305 EDGEWARE ROAD
LONDON NW10 1ED LONDON W2

Tel 01-452 1500/450 6597 Tel 01-723 0233
Telex 922800

e ol R e el ]
LONDON’S No 1 RETAIL COMPONENT OUTLET
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PROJECT

INSTRUMENT PROBE

This probe will allow you to make CRO or frequency meter/timer
measurements on high impedance circuits with waveforms having rise
times as fast as three or four nanoseconds. Cost is well below
commercial equivalents. Design by Jonathan Scott.

ost readers would be aware
M that, when taking a measure-

ment on electronic circuitry,
the input impedance of the measuring
instrument must be much greater than
the impedance of the circuit to which it
is attached, otherwise the accurary of
the measurement suffers. The input
impedance of the majority of
oscilloscopes is generally TMO with a
parallel capacitance of between 20pF
and 40pF. For a wide variety of
applications this is perfectly adequate
and will suffice for measurements of
frequencies up to 5 MHz or so. The
input impedance of the CRO falls with
increasing frequency owing to the
falling reactance of the input
capacitance. For example, a
capacitance of 30pF — which may be
made up of direct input capacitance
plus cable capacitance — has a
reactance of only 500 ohms at 10 MHz
The input capacitance also affects the
rise time of the input — that is, the
speed at which a ’step’ input will rise
from the 10% amplitude value to the
90% amplitude value.

The input impedance of an
oscilloscope can be effectively raised,
and the capacitance decreased, by
using a ‘stepdown’ probe. For example,
a 'x10’ probe will generally have an
input impedance of 10M and a parallel
capacitance of between 5pF and 15pF
While this improves the input
impedance there are two trade-offs.
Firstly, unless elaborate (and expensive)
compensation is emplovyed, the rise
time is degraded, and secondly,
maximum sensitivily is decreased by a
factor of 10. As Murphy’s law would
have it, your CRO will run out of grunt
just when you need it most.

Taking the situation with digital
counter/timers, we find similar
problems. Those that operate beyond
30 MHz or 50 MHz generally employ a
prescaler with an input impedance of
50 ohms — which is perfectly all right
if you're working on low impedance
circuits and/or with high signal levels.
But there are those occasions when
you need a high impedance input and
a fast (high frequency) rise time. As
with the CRQO, this is where your

ETI APRIL 1982

240 Vac &
WMANS

counter/timer runs out of grunt

It's times like these you need this
project; a x 1 active instrument probe
using a special buffer IC with an input
impedance of typically 100,000
megohms! — that's 10" ohms — a
very low input capacitance of around
four to five picofarads, a fast rise time
{around three nanoseconds) and a
bandwidth of 100 MHz. Output
impedance is around 50 ohms and the
device is capable of driving capacitive
loads up to several thousand
picofarads. Thus it is eminently suited
for use with high speed, wide
bandwidth oscilloscopes and digital
frequency meterftimers at frequencies
up to 100 MHz. Qutput impedance is
close to 50 ohms and it is thus suited tc
drive both high impedance instrument
inputs and low impedance inputs
(which are generally 50 chms).

c1

/1Y C210n
CERAMIC

TANT.*

Design

It's all done inside .a special IC —
an LH0033CG from National
Semiconductors. This is described as a
‘fast buffer amplifier (It has a
companion designated LHO063,
described as a ‘damn fast buffer
amplifier!) The LHO033 is a direct-
coupled FET-input voltage
follower/buffer (gain = 1) designed to
provide high current drive at
frequencies from DC to over 100 MHz
It will provide £10 mA into Tk0 loads
(£ 100 mA peak) at slew rates up to
1500 V/uuS, and the chip exhibits
excellent phase linearity up to 20 MHz
No offset voltage adjustment is
required as the unit is constructed
using specially selected FETs and s
lasertnimmed during construction
Input is directly to the gate of a

iC2
R2 s8R

«18t0 22V

PROBE
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g
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]
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o
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L
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] 10n +*| TaNT
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=
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Fig. T Circuit diagram for the probe.
entv C2and C4 need to be ceramic

Fig. 1 Circuit diagram for the probe.
C2 and C4 need to be 10n ceramic

+-—--—-O ov chip or 1n0 ceramic disc or plate
c1o types. CS and C6 need only be
E ] T #T0u3sY
O

disc or plate ceramic, See ‘Bypassing’
=2tv  over the page.
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junction FET, operated as a source
follower, driving a complementary
output pair of bipolar transistors.

Regulated plus and minus supplies
of 15 V each provide power to the IC.
Low-power threeterminal regulators
are used to keep the unit compact. An
external unregulated supply of
between 18 and 22 V at around 50 mA
is required to power the probe

The supply pins on the IC need to
be well bypassed over a wide
frequency range so that the IC can
maintain its characteristics, and the
construction has been specially
arranged to achieve this. Axial lead
solid tantalum capacitors are used to
bypass the IC’s supply pins at the lower
frequencies, while low inductance
ceramic capacitors are employed as
bypasses for the higher frequencies. A
doublesided fibreglass PCB is used to
presesve the high frequepcy response
and the high input T/mpedance, and the
layout is arranged to permit direct
connection to the probe tip and
provide low input capacitance

However, the presence of the PCB
substrate will degrade the input
impedance, surprisingly enough, and
you can drill out the area of board
immediately beneath pin 5 of the IC
and solder the pin directly to the probe
tip. For those who wish to go ‘all the
way’ (as Frank Sinatra sings), the plastic
insulation of the probe tip can be
replaced with a similar piece of Teflon
— if you can afford it and have access
to a lathe.

The maximum input voltage
permissible, when driving a high
impedance load, is plus or minus 15V
When driving a 50-ohm load, maximum
input voltage permissible is only plus or
minus 10 V (limited by maximum
output current) No inpul protection
has been included. However, if you are
only working with circuits where
voltages are no greater tharrabout 1V
peak-to-peak, protection can be added
by putting two diodes back-+toback in
parallel with the input, along with a
10M resistor. The maximum input
voltage figures include any DC
voltages present, plus the
superimposed signal voltage

Al this stage it is only fair to tell
you that the LHO033CC is an expensive
device (by comparison). But —
compare the total cost of this probe to
a similar commercially-made type and
you won't catch your breath a second
time!

Construction

The project is constructed on a
small doublesided fibreglass PCB with
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BYPASSING

Supply lead bypassing is important in order
that the LH0033 can operate correctly over
the full bandwidth from DC to 100 MHz. To
ensure this, the bypassing has been special-
ly arranged and the techniques employed
are probably unfamiliar to many readers.

The output circuit signal return path
for the IC s via the ground and the two sup-
ply rails. Any significant impedance in
series with this path (or paths) will subtract
signal from the output load. Thus, the sup-
ply rail bypassing has to present an im-
pedance which is a fracnion (like one-tenth
or better) that of the minimum output load
impedance. Here, the minimum output
load is about 100 ohms (R1 4+ 50 chms in-
strument Input impedance) and the supply
bypassing impedance should ideally be less
than 10 chms agross the frequency range.

The bypassing on each supply rail to
the IC leads here takes advantage of the
characteristics of three separate com-
ponents to cover three sectlons of the fre-
quency range.

From DC to around 100 kHz, each
three-terminal regulator (1C2, 1C3) has an
output impedance well below one ohm, ris.
ing to four or five ohms at 1 MHz, as shown

in Fig.

1. The two tantalum capacitors, C1

and C3, then take over.

Solid tantalum capacitors have a
characteristic Impedance that falls with fre-
quency according to its value, which then
‘flattens out’ in the region around
500 kHz — 1 MHz, rising to a few ohms
atound 10 MHz, as can be seen in Fig. 2.
Thus, C1 and C3 serve as effective bypasses
across the range from around 100 kHz to
around 10 MHz. Axial lead tantalum
capacitors were chosen as thelr construc-
tion exhibits the slowest impedance rise
following the minimum impedance value.

To provide bypassing over the decade
from 10 MHz to 100 MHz, capacitors C2
and C4 have been specially chosen and
positioned on the PCB. For the prototype,
*chip’ ceramic capacitors were used, These
tiny, ‘naked’ chips of ceramic with a
capacitor embedded in them are probably
the most effective bypass capacitors made.
The leads and physical construction of all
capacitors form an inductance which Is

ouiryl i DANCE 19

IMPEDANCE L

Output Impedance

"
tv.»nu =
e }¥ "W
oy * 4R oA
1.-H¢

—
» " n = 186 v

effectively in series with the capacitance of
the component. The combined effect forms
a serles resonant clrcult, the frequency of
which (that s, the seli-resonant irequency
of the component) is mainly dependent on
the lengthol the connecting leads, the par:
ticular consiruction of the capacitor and
the way in which it Is mounted. Ceramic
chip capacitors, being a tiny block with con-
necting pads or surfaces on each end, have
extremely low values of series Inductance
and thus very highseli-resonant frequencies
— see Fig. 4. Now, any value of chip
capacitor between 1n0 and 10n can be used
for €2 and C4. The seli-resonant frequen-
cy of a 1n0 chip capacitor Is somewhat
above 100 MHz (as per Fig. 4), but that of a
10n chip is between 40 MHz and 50 MHaz.
Now, this isn't a problem, for the chip’s im-
pedance falls with frequency as usual until
near the self-resonant frequency where it
falls rapidly, reaching a minimum at the
seli-tesonani frequency. Above that fre-
quency itsimpedance rises again, butis still
low enough for effective bypassing.

Otdinary ceramic disc and plate
capacitors behave in much the same way.
The self-resonant frequency of a typical
5 mm diameter disc or 5 mm square plate
capacitor depends on the lead length, as
shown In Fig. 5. Thus, you could use 470pF
or 1000pF (1n0) capacitors of this type for
€2 and C4, provided you installed them on
the undetside of the board with absciute
minimunt lead length

Vet ey

Fig. 3 Ceramlc chip capacitors shown about
actual size.
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PROJECT : Instrument Probe

components mounted on both sides of
the board. Commence by soldering in
place the components that go on the
top side of the board, leaving IC1 until
Jast. Note that the positive leads of
both C3 and C8 are soldered to the

groundplane areas on both the top and
the bottom sides of the board. Take care

with the orientation of the tantalum
capacitor, as well as IC2 and IC3.
Having done that, solder C2, C4, C5
and C6 to the bottom side of the
board. Now you can install 1C1. You

will have to juggle the legs a little. Push

the can as far down on the board as

you're able; its base should sit no more

than 3 mm from the board.

Now that you have everything in
place, check it all. It seems pretty
simple, but Murphy’s law will ensure
that the simplest things have the
highest stuff-up rates!

All's welll — now vyou attach the
output coax cable to the underside of
the board, plus the DC input and
ground (0 V) wires. But — before you
do, slip the output end piece of the
probe case over the cable and supply
wires, push it down about 150 mm or
so and then slip the case of the probe

case down the wires. This saves slipping

them over the other end of the whole
business and sliding them all the way
to the probe.

The probe tip can be attached and

soldered in place last of all. Now you

can screw it all together and attach the

appropriate plugs to the other end of
the cable and supply wires.

With the construction completed,
you can power up and try it out. Note
that the transformer suggested in our
power supply is but one of many
suitable types. Any transformer that
will deliver at least 26 V AC at a load
of about 50 mA will suffice.
Alternatively, any dual polarity DC
supply having an output between 18
and 22 V at 250 mA will power the
probe

Note

Always take care that you don't
exceed the input voltage limitation;
LH0033s are expensive.

Ceramic chip capacitors and solid tantalum
axial capacitors are a trifle unusual;
however, they are stocked by C.T. Elec:
tronics (Action) Lid, 267 & 270 Acton Lane,
London W4 5DG. (They also stack the BNC
plug should you have any problems there).
We will be selling the double-sided board

is on page 44.

PARTS LIST

Resistors {all Y4 W, 59%) Semiconduclors
R 47R 11 LH0033CG
R2,R3 68R IC2 78L15A

IC3 79L15A

D1-D4 IN4001,2,etC.

(if required)

Capacitors
C1,C3 3u3 16 V solid tantalum Miscellancous

axial leads

€2,4,5,6 10n ceramic block
C7,C8 10y 25 V tantalum
C9,C10 470u 35 V electrolytic

(i required)

PCB (double-sided fibreglass); RG58U coax
cable and BNC plug: T1 — (if required)
240 V to 30V transformer or similar; op-
tional 10M/{% W 5% resistor and 2 x IN914
dliodes; wire; probe housing.

Fig. 2 Component overlays for the top of
the board (top) and the bottom of the
board (bottom!).

BUYLINES

|Ihrough out PCB Service = the order form

HOW IT WORKS

OUTPUT
CABLE

\ SOLDER BRAID
TO COPPER

. This instrument probe employs a wideband

hybrid voltage follower/bufier IC, the
LH0033, with very close to unity gain, that
features a very high input impedance and a
low outputl impedance. It requires
regulated, well-bypassed supply rails. Two
three-terminal low power regulators pro-
vide plus-and-minus 15 V supplies from an
untegulated input.

The internal clrcult of the LH0O033 is
shown below. Basically, it consists of a FET
input stage [Q1), operaled as a source
follower. The other FET, Q4, provides a con-
stant current source for the source blas ol
Q1, while Q2 and Q3 are connecled as
diodes and provide blas for the bases of Q58
and Q6. Resistors R1 and R2 are laser
trimmed in manuiacture so that the IC
meets the ofisel voltage specification. As
Q1 has a conslant current source load, the
input impedance at the gate of Q1 is very
low. The oulput of the source follower
drives a complementary pair oulpul stage,
Q5-Q6. Thus the IC wilthave a very high in-
put Impedance, a very low outpul im-
pedance and a gain very close to unity.
With appropriate construction employed
for the internal devices, the bandwidth over
which the device will operate can be made
very wide indeed. The — 3dB point for the
LHO0033 is 100 MHz.

As the device is direct-coupled, DC
levels will be maintained between input
and output.

Bypassing requirements for the IC's
supply leads are explained elsewhere in the
article.

To provide regulated plus-and-minus
15 V rails for the 1C, two three-lerminal
regulators are employed, a 78L15A for the
positive rail and a 79L15A for the negative
rall. These can supply up to 100 mA and
have a very low oulput impedance up to

several hundred kilohertz, which is ex-
ploited for low frequency bypassing. Each
supply rail requires an unregulated Input of
between 18 V and 22 V. Decoupling of the
supply leads provided by R2/C7 on the
posilive rail and R3/C8 on the negative rail.
The input terminal of each regulator is
bypassed to prevent instability.

As the input voltage Is limited to a
maximum equal to the supply ralls (high im-
pedance load), inpul protection may be
added in applications where only low level
signals are being examined. As shown in the
main circuit, this protection consists of two
1N914 diodes connected back-to-back in
parallel with a 10 M reslsior across the in-
put. Signals above 1 V peak-to-peak will be
clipped, preventing any damage to the IC. i
very fast rise time signals are to be es-
amined then better protection for the IC
can be obtained by using hot-carrier diodes
such as the HP 5082-2800 instead of the
IN914s.

VIeweILY

b
- ) yogurin
/

ETI APRIL 1982

59

ETI



P.E. STEREO

i CASSETTE
/ RECORDERKIT

STEREOQ AMPLIFIER KIT  125W HIGH POWER AMP MODULE

» Pastusing iosset SO ATES TDA 2008 10 wett swipwt
IC's o = tepdt thermyl snd chort corewit protoulipn
+ Wiuligrd Soorve Prapmpitur Mpduls,
¢ Areosmmy blove puvyt Sk eabiemt, e 0070 DN

[* e, 2

* 1010 Siteree convern 10 ¢ 70 wott Dane smptefr

HI-Fl SPEAKERS
AT BARGAIN
PRICES

GOOODMANS TWEETERS

£3.50 sach wte (11 & £5.95 porr wie

P.E.STEREO TUNER KIT

seaTURSS

PRACTICAL ELECTRONICS
el £17-95
- 2 £

KITseres H TV SOUND
2 WAVE BAND, MW — LW TUNER KIT

* Lany vo bl - § ovet Dutien wsing. » Yedern
Smagn + § ot cuiPUL. » Aasty SMRad ond Sunuhed ()} [ |

PER + incorparonm moptrsmmen oot £11.45

LY WX

COmPaenty segiudiag tase
> Trorubesarar £1.50 ¢ £1 30 phe BA9 00 o= vasy

. pos
2t
212 95 iy for pmnApted steves apevanen. () .08 ¢ 7
400 6091 (gl 09 s eer .
s (2 06 ole

€2 SO mexe ¢ €1 80 e ALL MAIL TO _—
B'RD Aum ) V6 HIGH STREET, ACTON, W3 6NG. London WZ Velephone: 01-723 8432

STEREO CAR s Noter GM deoatched 1o UK poitsl sdtrese
RADIOBOOSTER § :

|
11
o TOr GeEMICh
ALL PRICES INCLUDE VAT AT 16%.

“ ETI APRIL 1982




BIRTHDAY COMPETITION

WIN AN
ELECTRONI
GNITION!

Hands up all those who had
trouble starting their cars during
the recent appalling weather.
Don't you wish your car was
fitted with an electronic ignition
to make the most of your battery,
as well as increasing the life of
your contact breaker and giving
you more miles to the gallon into
the bargain?

The prize in this competition
is a Total Energy Discharge
ignition unit designed by

the field. The unit is supplied as a
kit of parts and is easy to
assemble,

To win this kit you have to
answer these two questions:-

(1) The standard ignitidon
circuit, using a coil and contact
breaker, has been fitted to
virtually all mass produced cars
for 60 years. Who designed it?
(We'll accept surname only).

(2) In a four<ylinder engine,
firing the cylinders in the order

firing sequence commonty used 1o
overcome this problem.

Write your name, address and
answers on the form on page 133
(there’s no need to cut up this

page) and send it to us by April 30th,
1982. (All right, you can put your
hands down now!)
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BIRTHDAY COMPETITION

IF YOU'VE READ THE LAST TEN
YEARS OF ETI

WIN THE NEXT
10 FREE!

in 1979 who reviewed Star Chess for ETI?

— —_—

Who first wrote the series “Electronics Tomomrow™!

The 100 W Cuitar Amplifir (the first onel) appeared
when! ——

- 11. Mucrobile is the title of ET1's regular computing hardware
section In which ssue did it frst appear?

Thes is a special competition k::ﬁx regular readers We‘t;eoﬁer 12 In what year did we publish a synthesiser, an LED
ing a ten year subscription to ET) as a ‘thank you” prize for sup-

porting us ths far. All the questions refer to back copies of our multimeter and an FM tuner in successive monthst
magazine and will be easy if you've kept the issuest (Surveys tell - — —

us that over 90% of readers keep ETI for longer than a yearf) 13 What was “The Beast™?
Index issues will be particularty useful. but will not grve you all C : :
the answers Fill in the coupon on page 133 — youdon'tneedto 14 How many parts of the popular “Electronics — It's Easy”
rumn thes ssue = and don't forget your name and address! In the series were published in ETI?
event that no one gets ail the answers correct, the highest :

number of right answers will win. In the event of a tie, it will be 15 How many editors has ET) had in the past yeant
the earliest postmark that takes the ten year subscnption — -

Read the questions carefully before answering 16 In October 1976, who was ETI's Assistant Editor?

1. Whach nsue was designated a “4 Channel Sound Special 17 Who designed the Transcendent DPX?

950
2 Who edited the May 1973 ssue of ETI?

3. What month did the first ssue of ETI appear in Brtaind

18. Which ssue began “Project 8071

19. The 4600 synthesiser is one of our all4ime most popular
projects. In which ssue did the seres begind

20. DIY Polyphonic keyboards came to ETI when?

4. What makes March 1979 good theatred

5. ETI published the fistever TV games project. In which

Cloning dste s Apeid 30D YORL and off eetvees pued
6 Which IC b featured in the july 1976 “Data Sheet"? W et @y ey S

Phoptps apins pov WOV sscoploble
b Gapieeess of AW snd how relstrues 00 anl chg iy bur

7. The amplifier on the cover of the February 1982 ksue has o T bedues & hos & 0 00 comnidored B amd o0
also appeared on a previous cover of ETI. Whuch onet tempomnn
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10 YEARS ON

The last ten years have been the most dramatic in the history of electronics.
Tracing back, you can chart the explosive growth of the “consumer electron-
ics product” from the first — highly expensive — cakulators, through digital
watches and the like — to the fully-equipped home computer.

When complling this issue — ETI's 10th Birthday, as I'm sure you've
noticed by now — it occurred to us that we had the entire course of electron-
ics charted out for us — within the news pages of ETIl News Digest has
always figured very highly in our readers surveys and companies mentioned
therein have often commented upon the interest the feature generates.

Accordingly we went back and read every single news page from April
1972 thrdugh to April 1982. (Yes, it did take a long time). Lo and behold!
History unfolded!

It was all there = the first calculators, the first watches, the beginnings of
LCD, the first MPU chips, cheap memory, the Space Shuttle tests, bubble
storage announced — and failed, CB radio underway, FETs on the hobbyist
market, CMOS {inally becoming cheaper than TTL — and the lunacles! We
found quite a few of those, in fact. Witness the Queen's speech that wasn't
and the TV game with ball-bearing scoreboard,

You will find them all in the following pages, the successes, the failures,
the achievements...and the gaffs, We have gone through the mountain of
material available and put together what we think is 2 truly historic collec-
tion. (Sounds good that doesn't it — should be in the British Museum.)

Reading through you will be presented with the fascinating and sur-
prising history of electronics, 1972—~1982. Check the dates each item
appeared. Some of them will astound you. When was the first TV game on
sale? The first LED watch? When could you buy a home computer in the
UK? As to the ladies who crop up all the way through, we've no idca how
they got there — they've nothing to do with us and they are most certainly
not Included just because we thought you would enjoy secing them again,
Enjoyment has got nothing to do with it.

It is an Interesting conjecture as to what we will be able to Include in our
21st Birthday Issue. Any guesses?
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TV GAMES COME OF AGE

It is just over two years since the first
TV games started to appear in pubs
since then 8 1ot has happened in this
field with a large number of small
companies marketihg various units by
a variety of methods. Although the TV
garmes have received a considerable

amount of publicity they have not yet
caught on in g big way.

No one who has ever played TV
games has ever said anything derogatory
about the concept”, Richard Fairhurst
Q' Videomaster Ltd., ‘oid ETL, * they
may not like the price or the packaging
hut they slways like the idea”

ETINEWS NOV 1973
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ANDM ANES

The Pioneer SE-700 are the first high
fidelity headphones to use the piezo-
electric effect. As the sudio signals
reach the hesdphones, the driver
elements of ultra-thin aluminium
coated high-polymer film expand and
contract accordingty, creating
“breathing” motion. Tonal char
aCteristics sre compaerable 1o thote of
the electrostatic type headphones, but
the SE-700 require no matching
transformer

EVI NEWS MAY 1973
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Many local authorities are now using
a street lighting control system in
which a photoelectnc cell messures
the light level and varies the input to

a thuck film heating element controlling
8 tempersture sensitive switch, The
street lights are therefore automatic
alty switched on at dusk and off at
dawn, which means that light is pro-
vided only when it is needed and
ensures that electricity is not wasted

LASER MISSILE INTERCEPTOR

The US armed forces may soon have

# laser missile interceptor, Air Force
repor ts state that prototype deuterium
tluoride lasers have been successtully
tested at ‘very very high’ power out
puts.

Power output is spparentty so high
that the laser beam burng straight
through heavy gauge stainless nickel
steel plate

EVINEWS JULY 1978

BIAS - AUTOSELECTION

Ca 20 14 t have been
" 1 tor use wi b
o -~
" WUl
w lates N

prevent erasure of recorded material)
and, h ope BASF and P"Illlm who
are backing the system = future
catsette players will have 8 switch
mec hanism actuated by this tab t0o

[ } Crcuil
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It had to happen. The integrated chrcult is so old that It has earned its
place in 2 museum, Dossn't it make you feel old? The world's first IC,
invented by Jack Kilby of Tenas Instruments in 19358, is one of three
exhibits on loan from T) in Dallas for the 'Challenge of the Chip®
evhibition at the Science Museum, The other two are the first slicon
transistor and the first unge chip mikrocomputer

ETI NEWS MAY 1980

GETTING READY FOR
COMMERCIAL RADIO

Commarcial redio is on its way,
anyone doubting this should tune
around the medium wave band where
tests transmissions are already being
conducted. Contracts for the supply of
the transmitters and the serials have
been placed with EMI, the value of the
order is put at £160.000.

ETI NEWS MAY 1973




shorts

@ Tandy is doing well
with its home computer in
the USA. and is expanding,
both physically and finan-
clally, that side of the
business

@ New from Gl — the
Cricket chip. The AY-).
8910 is 8 programmable
sound generatos and is
software controlled,

Hong Kong King

bined Surpnsing LED fig
ures eh?

Germany developed 8
sudden lust for these non-
tockers and thew imports
leapt up by 8T, putting
them as the second largest
consumers — behind the
US and ahead of us!

Some numbers to tick off
on yout fingers. In the first
six months of the year
Hong Kong exported 16
million watches (worth
C77m). These break down
as 61% mechanical, 29%
LCD snd only 10% LED
and quanz analogue com

£71 NEWS NOV 1978

needing only 8 power sup
ply and clock to begin

i o DO O €71 NEWS OCT 1978

BE WARNED {IN A SMALL WAY1)

The Mini-Bleeptone 525 is a unit
which provides 8 choice of two contin.
ous signals of up 10 BOYBs with
current consumption ranging from
3-15mA,

ETINEWS JULY 1976
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T

Its applications are wide, being
ideslly suited as & fault indicstor
mounied onto portable equipment and
instrument panels, or for localised
warning of such things a1 intruden
and/or fire

4

forget who
not?

You know we've quite
forgotten why we used
this photo at all, Now let*s
see something to do with
TV games® Anyway the
editorial desks * N
bereft of nice lady photos
lately = o Lhis One apo

ed o
dusty filing trays.

PSS Binatone th » al =
vho make the box in fromt
— don’t ask what box or in half the TV game ma riet
front of what or we won't ag
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Computerised control snd data
recording equipment that can handle 300 MPH HOVERTRAIN ~ PUBLIC SHOWING

information from up 10 413 diiferent
sources will be used in the development
of Britain's tracked hovertrain

during its persod of full-scale
development,

From this console, commands will be
transmitted by radio 10 the hovertresn
and radioed signals from the measuring
instruments inside the vehicle wiill be
recetrved, recorded and analyted,

The 25.-10n vehicle straddies the track
and ls supported spproximately an inch
above It by & system of fans employing
the hovercratt principie. The linear
motor consists of an aluminéum strip
set into the top of the track a3 the
motor’s “stator”, and 8 complen
se1 of electrical windings mounted
nsnide the body shell, Power is picked
up from a trackside rail,

The train made its first run over 3 mile
of the track recently, watched by
visiting experts and the press from
several countries. 11 per for med pertectly

during the siow.4peed run and is now ETINEWS APRIL 1972 (OUR FIRST EVER NEWS ITEMS)
expected 10 reach speeds of up 1o 90 Ltd., s company set up by Britan’s London and the awrport pl .
mph during the next two months. National Research Development Foulness its passengers completing
The hovertrain has been designed Council, and would be capable of 3 ;  Chmglasies
and constructed by Tracked Hovercraft providing 2 link between central comicrt In sbout 20 n -
p b
he bocal Barmstapic, Mass tadro clul
ENI :mn the help of the Radio Club of
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‘vweep’ mode sare thes range bour
temes 8 murste. Fenally oll that &
necesssry is %0 press the “Locaty’ but RICE I.OGIC?
o and use the hand-held wand to Later this summer — about June
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ELECTRONIC GAMES
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hammer fet-ish

A new range of low cost
VYMOS power FETs in
plastic have been intro
duced by Siiconin These
devices are aimed at
replacing conventionsl
bipolar transistors in &
great many applications.
This development in
VMOS technology has cut
the price of such devices
by a third enabling them to
compete directly with
bepolar devices

ETINEWS APRIL 1978

CALCULATOR CHIPS NOW LESS
THAN £1

Calcuiator chips prices continue their
inexorabie fal! in price. Latest prices
In the USA for tour tunction eight
digit MOS chips are now as low as 40p

10 80p. Even the complex scientific
calculator chips are down to £6 or
less compared to £20 this time last
vear

MOS Technology Corporation for
instance are sclling a single chip
scientific unit for €7,

ETINEWS JULY 1978
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sailing into

A 12 biaded solar sail spacecrafl s o
new candidatc for mankind's first
interplanctary shuttle, Designed to be
employed in the 1980s i1 {lrst use
might well be a rendervous with
Hatley's Comet in 1986,

The ‘heliogyro’ satl uses a heb-
copter type design with 12 ‘blades’
com; of reflective aluminium
plastic fim, and deployed m two
tiers of sx each. After launch from
the spece shuttle, centrifugal force

8 F‘l<5ﬁ TR R RN AN KR

would open the hlades to their 44
MILE iength. (They're 281 wide).
The craft sits in the centre of the

Nra

'.’!\- craft would be slowty spun
by the sun's photon radiation, and
compleie a rotation every three
minutes. A square sail, snd hence
windjamming to the stars, was rejected
in favour of the blades. which now
fight it out with an ion stresm prop-
ulsion system for NASA constderaii

ACC AFTER ONE YEAR
Now moving into its second year of

ANTISKID CONTROL

The first standard i.c.’s designed
wecifically for the sutomotive market
have been announced by Fairchild.
Both are complex linear crcuits devel
oped over the past two years
‘custom’ circuits before being sdded
to the standard product line.

EVINEWS OCT 197)
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ELECTRONIC CHEQUEBDOK
CALCULATOR

A pocket caiculator that will hold and
display bank cheque sccount balances
for 8 year or more is shortly to be
snnounced by the US Mostek
Corporation,

During the times that the calculator
it ‘off’ data is stored in 8 static shift
regester (drawing 8 mere 100 micro-
amps). This dats it then clocked solely
when access is teqQuired,

The unit is expected t0 retail for
less than £16 and will be bullt into a
plastic chequebock hoider,

ETINEWS JULY 1978

BUBBLING DVER

Next year Rockwell sre hoping

10 launch their now developed one-
-megabit bubble memory price?
One¢ millicent per bit!

Thclr device can vperate up to
300k M7 and mcasures 10 x 9.Smm
and is designed for 3 1.8 micron
bubblc dismcter. ETI NEWS SEPT 1977

existence the Amateur Computer Club
has now formulised its activites into a
constitution and has 8 membership of
r200. ETINEWS AUG 1974

— e

e —

Power Cuts On
The Way

ln‘ﬂml)hdmhwhlh

LTI NEWS
B SEPT 1980

further reduce that to about 0 W.
The system, which results in s
meduction ol sbout 0% in power
consuamplion, has been incor
por. in the Salors G Series of
 cobowt sets. The design is

y a 0% efficient couple

i

The G Serbes. with its 16, 20
snd 12 inch modeh. will operste
trom a standard GOAfhoOur 13 V
between the power supply and battery for 15 hours. or from
picture tube using an Induction  maine lor s long as you pay your
tramster  system. The reswitant © bills
cool runming bmproves reliability AN the models {eature
avtomastic electronde turing. fine

tuning and memory plus sdd-on
opliom lor remoted control, 13 V
battery and video trequency intee-
lace unit,

Salora producths are available
n the UK from Salora (UK} Lad
23A Techno Trading Ustate, Swin
don SN2 &I, ’

it



Extremely pure silics glass has been ultimate alecraft - the US. Space
manufactured for at least 40 years Shuttle, Made into tiles (composed of
longer than jet aircraft have been silica glass) of which 34,000 are
around. Now it is 10 aid and abet the used, the material covers well over
70% of the surface of the Shuttle

These tiles are incredible heat
hedding’ devices (see photo) and will
be expected 1o withstand temperatures
of up to 12600C for 100 re-entries
into the atmosphere. Previous heat

Each tlle is precisety milled to fit
exactly againsi the curvature of the
Shuttle body, thus making the
composite craft as light as possible,
and as aerodynamic as is feasible. This
does however mean that no two of
those 34,000 tiles are alike! Imagine
the little man in a white coat with the

of fitting them to the aircraft - a

sge 3-D jigsaw puzale with only one
solution out of 34,000 (i.e. 34,000 x
33999 x 33998. x 1) possibilities!
Rather him than me,
ETI NEWS MARCH 1977
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ORACLE ON AIR

ORACLE. ITV's Teletext system (soe
ETI, July 1975) began an on-eir expery
ment on the ITV network on 30th
June. Operating the experiment are
two editorial teams and three computer
systems. At ITN there is an editorial
team (plus computer) for news and
associated Information. At London
Weekend Television there will be an
editorial tssm preparing public service
and similar information pages, snd the
second computer, At Thames Tele-
vision the third computer will bs used
to insert deta int0 the network during
the Monday to Fridey brosdcasting
pertod with LWT taking over for the
weekend transmissions. |t is hoped
that there will soon be sets with
decoders in the main entrace lobbies
of ITN House, London Wegkend
Television’s South Bank Studios and
Thames Television’s Euston Studios,
30 thet visitors can interrogate the
system and see how ORACLE works.

ETI NEWS SEPT 1978

WATCHES FAGE COLLAPSE!

Five companies have dropped
production of digital wetches, due
enticely to the price war raging around
the product. Gruen, Benrus, Armin
Litronix and Gillette have decided
the wrist borne digit is not for them,
Thaose still there are sufferin too.
Bulova are expected to make a loss
this year. Gillette In fact pulled

out before they pulled In, scraping
well laid plans to burst into the
‘marketplace’ at the eleventh hour,

ETI NEWS SEPT 1977
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-Speak & "
talks to

The UK I~ now Hung
Kangs largest market for
TV games We abuwbed
W% of their export in the
fuctd, some 523 96 items i
you please. i 1he forst
right months of thie vear
(Grermany finished sécond

0 3% and the USNA come
third with 13%

Somewhat of 3 surpree
and g shame, that we (ake
mote than the States of
theer items. | slways
thought we had more
taste.

CTt NEWS |ANT9TS
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A POCKET CALCULATOR IN
EVERY HOUSEHOLD

“By the mid-70’s the pocket
slectronit calculstor will be as much an
essential part of the household as the
transistor radio is now’", This is the
prediction made by Sinclair
Radionics.

Recent market research confirms
that incressing numbers of the popul-
stion are becoming sware of the
possible spplications of pocket
slectronic calculstors. This is most
marked in the educationsl field, at
school and college lgvels sithough
considersble interest s 830 Deing
shown on the domestic front by
husbends snd wives who sre able to
use & calculator to help control the
famity budget.

ETINEWS DEC 197)

THE END OF THE AMP?

A Brtish invention (ihree cheersl)
could well mark the end of the
amplifies a3 & circuit block. A new
device called 3 ‘voltage-to-current
transactor’ can do everything an
op-amp can — but better, Invented by
Profestor Gosling and Carl Brinker,
the device CONtaing NO Passive COM-
ponents at all, and consists of &
network of transistors.

The advantages sre thet it inte
grates smoothly rather than as » series
of steps, follows an Input quicker and
with § wider dynamic range, it smaller
in chip form and uses lets external
components. A VCT can ahso double
a3 8 transformer!

ETINEWS OCT 1976

FIELD EFFECT LC DISPLAYS

Siemens incorporate the feld effect
principie in their new hquid crystal
driplays with low operating voltages

10:28

All the liguid crystal displays in
freld effect technology have dark
symbois o 8 lght background and
are suitable for retiection operatson,
al with high contrast rerios, low
aperating voltage and low power draw.
Such featiires allow the displays to
be driven by CMOS and other (Cx

ETINEWS MARCH 1978

Blonde —
Bombshell

Now be honest with yourselfl —
srent there times during those
long eold winter days when
you could do with one of these
in your office. No, unfortun-
atety | don't mean Blondie in
the white pants. The blonde
bombshells here are the
brushed aluminium boxes of
ITT Terryphone's fiew wlld_
state mlercom unita

The intercom. which doubles
a3 & wcurity and alarm system,
consists of & master unit and
from one (o nine sub-units. The
system §s easily installed in
many configurations

Simpie press-button-1o-talll
operation is leatured on the
master and sub-units Each
sub-unnt can be called Indepen-
dently from the master unit. or
all sub-units can dbe called
simultaneously. Preasing the
seif-latching security button
allows noises from children,
equipment. burglars, etc to be
picked up and transmitted 10
other parts of the premises. 50,
the intercom can be used as a
security system n small

of a baby alarm at

horme

Each sub-unit comes com
plete with cable and cable
fixing pads for €20 each The
master unit costs €83 and
comes with 8 mains plug and &
screwdriver. Talking of Blondie
= she can install an ntercom in
my office any time.

Funther details of this
is available from ITT Ter.
ryphone, Station Approach
London Road, Bicester, Oxon
OXs8 7BZ
EVI NEWS JAN 1980
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e iy Today Intemational.
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We had a very careful second look at
this photograph, vowed tC give up
wing, women, and especiaily song,
{for ot least tive Mminutes) then decided
yves he was in the back seat, and ves
the car was moving. Visions of » huge
hoax flashed to the editorial mind
frenzied navvies rushing sbout with
the backdrop to simulste movement —
tiny men crammed into the wing
mirrors steenng via cunning Chinese
arrangements of levers and gean. The
mind Wﬂ s

Alas the sniwer is nought 10 scand-
atous. Quite simply an Australian
electronics enthusiast has packed his
car tull of voice recognition and MPU
circuitry to the end that it will now

obey verbal commands = even by
watkig-talkie up 1o 8 range of 12 miles
(Naturally It obeys only Its ownen
voice)

The car has 8 CCTV system
installed which enables the driver 10
see behind him - very useful in injon
country. Infra red sensors prck up red
tratfic lights and brake the car auto-
matically no we're not joking
Radar ranging maintains 3 constant
distance with respect to the car in
front, and semors apply the brakes
should the car come 100 Close 10 any
object — even pecpie

All this makes it 3 better driver
then most of us

ETINEWS NOV 1976

S tebephone networiy

ETINEWS APRIL 1578

DIGITAL RECORDING

Japan’s Nippon Columida company hawe
developed 3 diplal revording techmeque.
The new cquipment, said to cod over

£125.000 ures puler code modulation
Advantage of thih technique 1 i viresd

nperviomncss 10 nore and ditortbon

Further detads will be published as the

ocumc to hand.

ETI NEWS JAN 1973

FOR THE ND

A stick specially desgned for blind
persons gives the bearer a loud sonic
signal in the event of impediment in
his path at wrist height or above. The
new device was commissioned by the
Swedish Institute forthe Handicapped
and work on the project was dnitially
financed by the Swedish Board for
TYechnicat Development {STU). The
prototype stick comprises a 1.3-metre-
long tube made of glassfibre-
reinforced plastic. To it s sttached
8 galtium-orsenide laser, 8 midget
transmitter and recsiver, and an
amplifier. The power source i 8
tiny nickel-cadium accumulator, The
laser beam’s trajectory is aimost at
right-angles to the stick’s length, and
as such sticks are normally hekd
forward st an angle of about 45 degrees
10 the ground, the beam is directed
both upward and forward. The lster
sends sbout 1000 pulses per second
and when one 0f thess meets an
object — such as a lorry, car of &
road sign = it is refiectad back to the
stick, where it is electronically trans
formed into 3 sONIC warning signal to
slert the besrer, ETINEWS NOYV 1972

the leaflets, the reciprent will be abié
ro build up & compiete pecture.

On the reverse sides will be
information about the company ‘s
range of photo-resists. plating
solutions, brighteners, cleaners end
anciliary chemecaly.

GIRL BY INSTALMENTS! printed circuit bosrds.
Dynachem sre sending out four

ivaflets spaced ot reguisr intervais

On the front of esch will be printed

& tantplizing part of the company’s

DYNAGIRL, an exqursite young ledy

weil worth 8 second look, By keeping

Electronics manufacturers throughout
Europe are receiving 8 secies of
unusus! sales leaflets from 8
menufscturer of specivlist

chemicaly used in the making of



ZX81 HARDWARE

o KEYBOARD KIT

e BUILT & FITTED IN

ok

20.76
BUILTY 26.50
CASE 10.30
CASE 36.15

‘5‘0

Spare switch

INOUT PORY
o KIT
e BUILT

N 24 bnes, in or Out.
Programmed by BASIC

16.95
18.95

40 typewriter koys.
- ‘v All graphics #tc shown
\ No soidering (built version) just plug in.
Full fitting and sssembly instructions suppled.
RAM pack operation not effected, .
. 1!.5"".-:0. [ X1 T
1
.L'l-."l“.“
| R o
N Y Ready punched top.
J L l All screws supplied.
fFeel supplied.
‘l (For kevboard ondy, ZX81 does not
i \ it ingedie)
1
. m CONNECTORS
s-"‘;: o ZX8123 WAY L 95
o MALE CONN 1.30
o KIT 16.95 ¢ IN-OUT/MUSIC BD 3.00
MUSIC BOARD © BUILT 18 95 e 24 WAY RIBBON CABLE 1.40
3 outputs e RAM PACK CONN 6.95
OVHz 10 2Mhz {Alows RAM pack to ba mounted swey from

Programme by BASIC.
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REDDITCH ELECTRONICS

DEPT ETI

2V FERNEY HILL AVE
REDDITCH
WORCESTERSHIRE
B97 4RU

Prices inchute postage and VAT,

Send SAE for free cetalogue. Orders under 10 sdd 4Sp,




MAIN DISTRIBUTORS FOR SIEMENS
CAPACITORS, FERRITES, SEMI-
CONDUCTORS. ETC. AND PRODUCTS
OF OTHER LEADING HOUSES.

SWITCHES oot ormanr ot setorent tvoos
Othhd, B URD OLLS
o s =

g 1

SBUSSUSBVENE @
2
¥

#

GGsdsdaaEnY
ssrseasfitfiis »

whan you want them. Here sre some exampiss

Catsiogue 682

AUDIO DIN D-TYPE
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2 8o Bp 9 1 Mo
k | 14p L] % V7p 108
4 18 149 2% N8p 5

S/ CY o 37 Nep 210p
6 % Np
? 190 190

[PANEL MOUNTING METERS

SPECIAL OFFER TO MARCH 31st
Panel mounting meters offered in the following
F.5.D. ranges: —
O-50uA. 0 100uA. O-S500uA. O ImA. 0-5mA.
0 10mA. 0-50mA. (- 100mA. 0-500mA, 0 1A

Normal ~O Special otfer
ce, each .69 price to Mar. 31 £2-20

SABTRONICS
FREQUENCY METERS
Model 80008: 9-digit 1GHz Frequency Maeter.
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Mimi Discs
bgn. Sorry and PohGram have
declared the Compadi Disc
igital Audio System ripe for peo

duction. These companbes are
mows s the beler! thatl the aew

STEREO CONTROL UNIT

Connect this unil 10 your exinting power
amplifier, and at your fingertips you will
have a degree of comtrol over the andip
pectrum previously unaltatnable with con
ventional tone control systeme. TVIC's umque
Model SEA-10 takes the full audio range of
20 to 20,0008z and drvides & up Into five
dcrete frequency bands centred at 40, 280,
1000, 5000, and 15.0000z. Each band can
then be varied indopendenty by ¢ 12dB
wming the profesuonal type slider comtroks
with 2dB cink stops

ETINEWS JULY 1973

vstem will eventually replace the LP
o we hnow R PobvGram Revords
Opesation and CBWSomy have now
pul thew produchom on Compact
Dot 1t s nod expected that the CD
will be on the market before the
autuemn of reu year.

i

y

CARTRIOGE PERCUSSION UNIT

J 1

myom unil cadleg the Fowerhouse

OIGITAL MULTIMETER FROM ADVANCE

I 4 O
La

nany

ETINEWS JUNE 1973

PG meter...coe.

]
£20 I the USA. ETINEWS DEC 1977

COLOUR PREJUDICE?

Otficial figures for the number of
homes with colour TV's, l.e. those
with a license, have just exceeded 50%
of *we total. Some lesser mortals
qught well be tempted t0 conjecture
how high the total would be It the
un-licensed telons in our midst could
be $t00d up and counted. Naturally we

refrain from any such thoughts.
ETI NEWS DEC 1976



TELEPHONE COMPONENTS

High -standard telephony today relies
on components and function elements
whose detign and properties render
them equally suitabie for use in
completely ditferent fields. Resd-only
memories, MT components, keylock
connectors and sutomatic cutouts
are some examples of such compon-
ents

The MT (magnetic-core transistor)
component developed detection of
switching cnitens in dc ngnalling
systems, has 8 magnetic core with &
rectangular hysteresis loop 1o detect
signals which are amplified by the
transistor. The core and transistor
circuits are operated at the same
potential and the defined Y erv/No
statements can be evaluated electron-
ically or vig relay circuits,

ETINEWS APRIL 197)

PLASTIC BOXES

Veto Elecuronica Limited have receatly
bscome distributors for the Odenwalder
Kunststoffwerk range of plastic products
which include s range of phstic bonse.
These are manufsctured from high impact
polystyrene, whuch is puitable for machining.
engraving and ulk sareen printing  The
upper portion of the box 1 coloured ght
grey and the lower portson, dark grey, The
Btter is provided with integral fixing points
for cgcuit boards. The boxes can be (ree
standing or wall mounting and should pro-
vide an attractive cnclosure for reader’s

projcts.
Vero Electronics Limtred, Industrisl Ent-
ate, Ohandier's Ford, Eass . Menrs
EVI NEWS JAN 1974

CMOS IN PLASTIC PACKAGES
Motorols Semiconductors have just announ-
oed that 39 devices from thels standard CMOS
logic family me now svaillable in plastic
packages. In the past, ceramic packages hawe
teen used for all CMOS devices

ETI NEWS SEPT 1973

FAIRCHILD TO MAKE

CONSUMER PRODUCTS

The USA’s Fairchild group are actively
planning to enter the consumer
products market, sccording to 8
usually reliable source.

Fairchild’s first products are believed
to be a low-end of the market one-
chip hand-heid calculator with 812
digits. However several industry
commentors query F airchitd’s sbility
10 produce the necessary MOS chips,
quoting Lester Hogan's (president of
Fairchild) own description of his
company's performance in the MOS
field as ‘disappointing’.

ETINEWS JUNE 1974

SOVIET RADAR BLAMED FOR
HIGH HEART DISEASE

A Russisn radar tracking station near
the Finnish town of llomaritsi may be
responsible for a sharp increase in
heart disease and cancer sccording to
Dr. Milton Zaret, an Americsn micro-
wave expert,

The Finnish border towns have the
highest rate of hedrt disease in the
world and cancer has increased
nexplicably.

ETINEWS JULY 1978

the little cb that
santa forgot

l m“‘nmm
d--nalcv-lhlm-

l. €71 NEWS MARCH 1978

BLUE RESFARCH

mhl include blurl; the not »
tant future. The nev ice

| & \

g p

tage drup of 4 V at 50 mA
ETINEWS OCT 1979

s

an sutomatic focusing camera

* Polarcid sre about to reiease  ° Sanyo have demonstraled 86

that uses an ultrs-sofic trans-
ducer 10 measure distance.

* Computers stores tn the US
are opening up hiterally every
”z—umhuh-tilm
chbouuﬂuﬂhdby

an exhibs-

!lodh to those dedi-
cated to Home computers.
office equipment suppliers and
camers are at the fore-
front when it comes (0 jJumping
on the bandwagon: even

Macey's stores have now got & their speed’ Problem solved
computer department n some i display Lo 73 instead
of thetr stores. "

k ETINEWS SEPT 1978 )

tector is in use in the US. of A,
mﬂmmw

YOURSFEED S . REDUCE

tive, only problem was loal
hot-rodders using K 10 check

Watch This!

1 vou're sxch of digital watches

how about taking a2 look ot this
watch from Casio Its ail ana
but wdah @ ditlerence s fully
electironic and hat no Mmoving
parts 1t uses LCD and has conven
tonal hours. minutes and sweep
secondy hands The Model ANBCL
s designed to be sttractrve and
fasheonsble, face colour matches
the synthetic strap Howr positionm
are marhed by standard Roman
numerals and all the time settings
and adpntments ate handled by
two buttons, heepng the compact
gold-plated watch case simple and
uncluttered. The dispiay shows
hour and minyte hands and
weonds mdcation n by o thivd
sweep hand o¢ 81 & senes of marks
on the face edge to show ac-
cumulated seconds ACCuracvis to
withen 1§ seconds & month RRP o
£27 95, but products of this type
are often sobd cheaper Further i
formation ¢an be obtamned from
Cavio Electronics Co Ltd, 28 Scrut
ton Street. London EC2A 4TY

ETINEWS NOV 1981
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NEW CONTROL SYSTEM FOR
SLR CAMERAS

Electronic shutter speed snd exposute
controls can now be built into single
lens reflex comeras without mechan-
ically moditying the camera bodies or
lenses

A new control system, developed by
Matsushita Electrical Industrial
Corporation, messures the light at s
preset aperture {in less than two

milliseconds) and then sets exposure
time sccordingly, Control renge varies
from 0.0005 seconds to four seconds

dependent upon lens aperture and
film speed

Prior 10 the Matsushita development,

it was necessary to have g light
measuring device sccommodated
behind the main lens — caiculating
light intensity with the lens heid
wide open. ETINEWS JULY 1978

1
Liraa;

A new edition of ETI starts this month .

l a'rﬂﬂny...----.---.---

Elrad in

Germany The name Eirad itself means nothing and s
simply an amalgamation of electronics and radio. 1t is
being pubhished by Heinz Heise \n Hanover and is edited

by Udo Witug

ETINEWS JAN 1978

COSMOS NOW CHEAPER THAN TTL
FOR MAJORITY OF DIGITAL
SYSTEMS

RCA has announced turther price
reductions in its CDA000 range of
COS/MOS integrated circuits. The
reductions range from 35% to 50%
The bigoett price reductions have
stfected the more established MSI
devices of the CD4000 range, with
many types being reduced by over
. 1

As 8 result of the price cuts, many
ot the popular TTL devices are curr
ently more expensive than the equiv-
alent COS/MOS functions.

ETINEWS SEPT 1978
i A
CBZB
T

legabnation of Citizew's
h-luln Twn trequencies aill be
slingated MO8 to 9)0.97S MMz
and 2760128 w0 279928 MHL For
the 934 MMz [AM) trequencies the
marimum power is 8 W (23 W IRP)
20 chanmeh 2t 50 WHZ channel spag-
g Hond held ursts are restricied 1o
3W PIP. On the 27 MHs (FM) fre
QUIRC IS the MV mum paraed 1 § W
(2w IRP) 0 channebs a1 10 kMg
spacing. Frequencw tolerancet
at3hHs Madmum
deviation: 228 bty A
channel power. ~ 0 dB 1o le.

p—

ETINEWS JULY 1981
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PLAY-ALONG-WITH-RCA

Single chip /O for wdeo games is the
taudible aim of messers. RCA. To be
introduced in January the device is
pamarily a vertical and horizontgl
synching circuit designed for use with
RCA"s 1802 MPU. Price could well be
around £12 when and if introduced
into this country

ETINEWS DEC 1976

-

The next step in America’s spsce
programme i3 the tesing of NASA’s
space shuttle. Landing tests are to be
carried out in mid 1977, Amazingly
the machine will be launched ‘piggy-
beck® from a Jumbo 7471 Several

fiights will be made to ensure stability
before the shuttle is actually released

Trust Americans to build the worlds

largest airliner and then carry people
ourside it?!  ETI NEWS AUG 1976

CBM AGAIN! ‘

Right — now you ve stopped
staring at the picture can we
proceed wath thuis month's news
Thank you. Once again our old

friends CBM have managed 1o get

in on the act The above watches
yes watches — fepresent thes
ETINEWS AN 1977

Y

P

long-awaned entry into the digital
watch market — with the 5,000
senes, All three use a common
module. with' the casings making
for a price range of

£€17.504£21 00
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CZECH OM CALCULATOR
PRICES ETINEWSMAY 197

A typical dour Crech day. The rain
sleets across Prague

Somewhere in the back streels well
away from the patrols and the
populace, lvan scutties into 8 dingy
cormer shop

There. amid the Western papers
and naughty mags, he spots the
object of his desires

Eyes alight he lifts the
proscribed machine trom the rack
and carnes it reverently to the
counter, behind which stands the
owner

How much?  he stammers
hands shaking

Novus 650 comrade? To you
£172. Crossed the border this
moming nght under the army's
noses  he looks around funtively
and leans across the counter
whispering

"Interested in the REAL thing
oh comrade? “'lvan nods. The man
reaches below the counter and
produces 8 bettered show box
van's eyes are wide by now
rnveted to the hd as it hfts. Inside
lies a full frontal scientific, a HP
45

Ivan taints

Now before you dismiss this as
merely the aicoholic follies of the
ETI statt, following » party, let us
inform you dear reader, that whilst
we may be guilty of siight
embroudery, our flight of tancy Is
based on fact.

It seems our Eastern triends
consider pocket caiculators to be
hughly praed ftems, and will pay
vast Sums 10 acquire them. What
would cost you or | £7, our Ivan
would need £172 to own. For that
HP 45 you could possibly get a
weekend with Siberian Sue, belle
of the Balkans.

The reason behind this black
marketing and smugglhng is that
caiculator ships are not produced
behind the ferric cuntain and the
machines are banned from
imponters [ists by the governments,
to preserve foreign eachange as
their value is so high

| wonder how they count it?

FOUR CHANNEL DISCS

In the UK the EMI group have
announced plans 10 releate Quadra
phonic discs — using the CBS developed
SO Matrix’ system = in April

The company clsims that the new
discs will be fully compatible wath
enigting stereo equipment

EVINEWS APRIL 1972

COMPUTER ‘ON A CHIP
WITH CASSETTE TAPE

A new byte-orientated micro-computer
with {ts own in-built cassette tape
backing storage has been produced by
Computer Electronics Ltd, of Saftron
Walden, Essex, a3 part of its range of
cassette tape dats systerms.

CALLING ALL K95,
R2D2s, ROBBIES
C3P0s, MICROMICE
etc, ot

ETI is very keen in getting a robot

Anyone out there on
the other wde of the printers jnk

145 Charing Cross Road,
_ondon WC2
Mark your e

Believed 1o be one of the first
‘processors on a chip’ computers 10 be
developed in this country, the com-
plete computer fits on one of the r
company’s standard printed circué’
cards. ETI NEWS AUG 197)

So we can deal wath it
mth our usual

ETI NEWS NOV 1979

brief news

NASA have recerved weak
signais from Sk for the
first time in four years.

TV GAMES LSI CHIP AVAILABLE SOON
Rumours have been abounding for about 8 yeasr now that
an LSI chip for television games was being developed.
We now have definite news that Logic Leisure, a mm::fod.;::"z
British Company, have produced a chip which will produce | bring consdered
four TV games, with two varistions on each, giving eight * A study by the Ameni.
permutations. There is score and sound fecility. Type &"(:‘p‘.‘:‘;‘:jl'g;"‘::‘;'.":
number is not yet known but the chip ks suitable for both Health (Niosh) has con
825-line, 50MH2 and 526-line, S0H 2. cluded that VDUs in use in
It is hoped that the chip will be on sale in October and the offices of the New
the price 1ag it going to be in the £10-€12 range {plus VAT) Y"':J""";‘ c'."'":‘c’:‘z
U.K, distributorship is in the hands of Television Sprots f:."w by two copy edi-
Co. Ltd., 6 Halt Moon Street, Maytair, London, WIY TRA.

tors working thete.
ETI NEWS AUG 1978 EVI NEWS SEPT 1978
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Hitachi MAGic |

itacht have developed an

i ¢olour wideo
"‘p"‘-"“ -n:h a vdwo \ape
wrally

corder — QI

e MAG Cameed’. Used "‘::
devasty ""'-.*m‘wm.‘.
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From a firm called James Niell comes
the Micro 2000 1o rise into our News
Dagest with carefully measured pre-
cision. This instrument gets our vote
for the best innovatbon of the year
already! A digital micrometer no less
A3 you can see from the picture, it
actually reads out a measurement in
seven-segpment format. Goodbye ver-
nicrs. 1 has so many features and ad-

e ——————————— ————— e

BRITISH? PRECISELY!

vances, it 8 perhaps best simply to

list them.

Accuracy to ¢ 0.002 evm., with a
‘constant force” spindle and self-
calibration facility, As soon as it
switched on, the 2000 self zeros.

The zero reset means that it can be
used 3 8 comparator against a known

be read directly. Also in awkward

reroed, utilised, and ther removed to

standard. and vastations from that can situations, the instrument can be be read ETI NEWS JUNE 1977
- -
Sat 54 Text To Talk junkcalls

Well, it was Satcom 3 actually,
but the plot remingscent of
that old, old American tefly
series. The Cag 54 in this case,
however, was an RCA communj-
cations satellite, last heard of in
Docembet, 22.000 miles above
mother Earth

If anyone finds a communi-
catiom wtellite amwenng to the
name of Sstcom 3, send it to
RCA. nto us. Mind you, i it has
gone up im a pefl of smoke. it
has probtably burned up on i
way back to Earth NASA quick

KuMlcm Prochxts of
Camiwdige,  ManaChusetts
hay developed 8 machine 10 tum
written Wt 10 sprech

The machne contam an opty
cal scanner, & ymall computer, a
wmall wnthesner and 2 loud-
spraher unel

The page o be read b placed
over the s anneng unit which then
converts the written et 10 degstal
ugrab for the computer. The
COMERAN then converts them ewo

From the land that brought us
' Muzak and MPUs comes the
Junk call = the same as Junk
mag) but verbal’ A machine Is
btm%"u:rd to dial up to | 000
aum 8 day snd make & -
recorded saies piteh, unlike
unk mail there s no way of
g when the call will be

junk or mot. By dialing up
numbers from 0001 to 908 the
machine annoys everybody
who answers on a particular
exchange. even if you hang up

ft holds the fine open until the
pitch is finished — this has
caused emergency calls to be
delayed 1n 3S0Me caste.

Ten states are considering
legislation 10 curtail the activ.
wties of the machines. However
they intend 1o exempt Charties,
polisters and politicians. Some
peopie want an electronit "no
thanks’ sgn 1o be developed,

akhough nobody is quite sure
how it would work. What
next™

ETINEWS SEPT 1978

to assurc us that h won't causc )
amother Skylab imchdent. So
you necedn't dust off your antl-
Skylab umbrella, yet

ETINEWS MARCH |980

ETI NEWS APRIL 1980

HP AT A (CALCULATED) LOSS;
Hewlet1-Packard — renowned for their
up market calculators, are apparently
running this section of the business at
a2 loas. Equipment and other activities
are keeping then in the black, snd H.P
cite the delays occurring on the intro-
duction of new models a3 the cause for
this, Also named as a culpnt is “severs
price erosion in the pocket calculator
marketplace™”. Pick the bones out
of that ye rivals of the beast

‘I’I NEWS NOV 1976

CEEFAX AND ORACLE SYSTEMS
COMBINED

The BBC and IBA, together with BREMA
and the Broadcasting Department of

the Home Office have agreed on & unified
system of data broadcasting.

Until now the BBC have been work-
ing on CEEFAX, the IBA on ORACLE.
Both systems allow 8 TV viewer to
select at will trom » number of differ-
ent ‘pages’ of intormation and put
these onto his screen

EVINEWS JULY 1974

ELECTRONICS ENGINEERS
SALARIES FALL BEHIND

The ‘Survey of Salaries’, published by
the Management Survey Centre this
August, shows that the salaries of
electronic engineers working 1or arge
compenies have stagnated whilst other
engineers’ salaries have increased.
Senior chemists have done best - thesr
salaries have increased 34 thmes more
quickly than the average.

For a senior professional in develop-
ment {with major responsibilities) the
median salary is £4,174; for elec-
tronic engineers In particulsr the
median at this level b £3,720.

ET) NEWS OCT 1973

ANRS INTEGRATED INTD A SINGLE
IC CHIP

In 1972, JVC first introduced their
Automatic Noise Reduction System
(ANRS} into their 10p-range cassette
decks. Since then, ARNS has been
incorporated into a wide range of tape
decks. Recent improvements however,
in cassette deck quality and the poss
ibility of “noise-reduced™ FM brosd-
casts Nave meant improvements in the
quality of noise reduction systems and
the application of these systems to
components other than casiette tape
decks.

To meet these New requirements,
JVC has recently completed the
development of the ANRS IC.

ETINEWS OCT 1973 .



A Preview from the Next Issue of

AMBIT
INTERNATIONAL’S

WORL])

of R An10 &
LECTRONICS

CONCISE PARTS CATALOGUE
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-

The LOWES PRICE
Full-Spec. NICADS
inthe UK

G PP3
£235 £080 £3.70
£199 £0.74 £3.50

Prices for 50 or more on application.

Prices exclude VAT
Postage & Packing 50p per order.

Send your orders to: Ambit International

200, North Service Road,
Brentwood,

Essex CM14 4SG
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AUDIOPHILE

Soon burglars won’t be bothering to nick your whole hi-fi; they’ll just
take the cartridge. This month Ron Harris reviews two new pickups,
one with a gemstone cantilever and the other a work of modern art.

ews just in of a new piece of British circutry genius. This s
a new protection Crcul, soon to be added to a famous
manufacturer's product. which 8 claimed to make an
amplifier totally mvulnerable electncally
Totally in the case means “even from 240 V mains at input
or output” Ultrafast relays are set at the output and on the sup-
ply Imes to the PCB These are diiven from the new Cwcult
which has as its final stage a voltage amp with an incredibly high
slew rate, This ensures a high speed of operation for the relays

Out Of Phase

The protection circuit operates lke thes. if an amplifier is
suddenly faced with a massive nput signal, the ratio of the feed-
back signal to input will drop dramatically. A comparator
semes the change and a ‘low4eedback’ signal s generated. Ths
by tself s sufticient to trnip the supply relays. so that the
overload cannot be passed on 10 the output stages thus
destroying them — and probably the speakers

A second black within the cirourtry watches the supply rails
and any surges whuch are outside the requirements of normal
drive will trip the protection circuit, since thes ks a “low-feedback
lkelihood situation™ as the designes puts . Great play s made
of the fact that the music signal and the feedback voltage are in
anti-phase at the point of comparson, 0 no interaction within
the buffer ks lkely ‘Antiphase reset’, as it s called, thus in-
troduces no colouration Hence the protection reset of the
relays can occur either in the case of low feedbacktosignal
rato, of in event of an “overload likelihood” | suppose thes is
where the somewhat pompous title of the Circud s derved -
AntHPhase Reset In Low Feedback (Or Overioad) Lkelihood

Shure MV30HE

A dedicated offshoot of the renowned V15 IV design. the
MVIOHE is for use in the SME Senes Il or 111S only. The car
tndge is built into a SME carryarm such that no headshell is
used, or needed

The moving components are those of the V15, save that no
damper 13 provided  The cantrdge body Is all new, however, and
quite a few problems i must have gren them getting the coils
and poles into a body as slim as thes. The design & 30 arranged
that the point of beanng intersection and the stylus Ine up
parallel to the record. This will tend to aid stabdlity in the replay
of warped records

As in the V15 a hyperelliptical stylus is used, which will give
lower distortion results than either a spherical or elliptical tip
Tip mass 8 commendably low and output leve! is on a par with
the V15 1V

Once fitted into the SME the MVIOHE looks very smarnt in-
deed s and visually extremely classy!

Testing an Armful

(n the lab the MV I0OHE had an easy time passing just about
every test. It tracks as well as the V15 IV and measures slightly
better. There is no higher technical accolade than that The LF
resonance came oul — surprisingly — at around 16 Hz, a litthe
hagher than optimum in my opinion. Best values are somewhere
around 10-12 Hz so as not 1o affect extreme LF reproduction.
Best tracking was obtaned at around 10 g and no improve-
ment was forthcoming for mcreased force

Frequency response was perfect at 0 Hz —
X kHz = 13dB with a separation figure of 27 dB at 1 kHz.
Compliance measured very high at 34 cu, 30 only the smallest
damping paddle s requered It 5 required however — 1ee later

Instructive Stuff

The mstruction booklet is worth a special mention. It s a
straght ‘copy’ of the SME style, nght down to the little diagrams
with ticks and crosses for right and wrong answers. Some sort of
deal has been struck here, methinks!

One point that 1 just have to mention here; | could not,

At long last Quad have relsased thelr new tuner, the FM 4. It was
shown for the first time at the Audio 82 exhbition in Swie Cottage
recently. Designed to match the Quad 44 control unkt (preamp to the
rest of us) the FM - only unit has digital tuning and wven pre-wst
stations. Programme locations are stored in memery.

A tuning knob has been retained in preference to a set of push-
butions, since Quad 1ay i Is casier to use.

Brig! Speciication

F ull limiting v IF Rejection 100 dB
S/N (1 ¥ lpet) 7 4B (sterec) AM Supression 60 48
Dissortion () KHz} 0,13 Image Rejection 80 d8
Capture Ratio 1.8 d8 Crosetalk {1 K Mz) 40 d8
ETI APAIL Y2



The MV30OHE set up

In a Series Il About

the best looking piece of

of hi-fi you'll ever see. As
the compliance is very high
only the smallest damper paddie
Js required, despite the lack of
dynamic stabiliser [(as fitted to
V15 1v),

in any circumstances, get the
arm to balance out using the
recommended mixture of
weights and spacers in
the SME. Despite Shure
patiently showing me the
same armm set up perfectly in their Series |1, would
it balance once | left the factory? It would not!

I would be most interested to hear from any
MV30HE purchaser as to balance requirements. |
agree the total mass is 11.8 g but I'll be damned to
an eternity of music centres playing Barry Manilow
before I'll agree that an MV30HE balances in an
SME Series |11 with four weights and six spacers

Down To Sound

| suppose the obvious comparison with the
MV30HE must be the V15 IV. So, as I'm getting old and
predictable {| still hunger after Felicity Kendal . .)that was
the first pickup against which | auditioned the unit. Frankly,
| had expected to discern no difference, and initial tests confirmed
this to some degree. However, having settled in at home with my
own system around me and the reassuring brandy in hand, subtle
differences began to manifest themselves. The MV30HE has a more
coherent sound — the mid+¥ange is more open under close examination
and the bass is ‘cleaned-up’ and tighter, if a little more prominent. These
are exactly the changes to be expected from a unit which simply matches
the arm better, but has a higher resonance. Which, of course, if I'd thought about,
is exactly the MV3OHEN15 IV relationship. Serves me right for being so sure of myself!
In comparison to the market as a whole, the MV3I0HE/SME pickup stands well-up with
the best. The damper is not significantly missed, provided the SME paddle is employed
Leave it off and boom is liable to result. as is a certain lack of stability on warped records
A limited application, then, but a very creditable performance and one which will compete
with Shure’s own V15 I\ After all, if you've got an SME and were contemplating a V15 |V, the
;! MV30HE is a better bet all around. It is no more expensive than the V15 IV with a CA1 arm to hold it and
- ; it provides a cleaner, more refined performance. All in all, a nice touch Shure. Whither goest thou now?

s
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Dynavector Karat Ruby

Both this month's cartridges are unusual in their own way;
Dynavector's Karat is notable for its gemstone cantilever. This
2.5 mm long piece of single<crystal ruby is cut with a laser to ac-
cept the stylus (diamond) and then allowed to cool, thus fixing
the stylus in place. The length is remarkably short, since
Dynavector say that the less materiaf the stylus information has
to pass through, the higher wil! be the fidelity of the output.

Wave propagation through a medium is something not
many of us take up as a hobby, but someone down at Dynavec-
tor must have it all well sussed! Apparently this equation:-

EJ.Q‘_I Qz_l “E.I |J‘+Z- ﬂ.’._p_zlﬂ:o
max' g2 "m \E G/ &% mG g1t
i 12nd 1 2
Cp=at2n |1 a7 + 382+
where E = Young's modulus; | = secondary moment of section area;

G = shear modulus; m = mass per unit length of a cantilever;

p = density of the cantllever materiai; x = distance from the end of

the cantilever; y = flexural displacement of the cantilever; r = constant;
t = time,

sums up the vibrational behaviour of a cantilever under
dynamic conditions. It can also be used to prove that rigid
materials, such as ruby and diamond, make for better can-
tilevers than boron, berylium and the rest.

(There is a ‘big brother to the Ruby, which has a diamond
cantilever and costs around E450 as opposed to the Ruby’s
£100. If I can persuade the ever-helpful Dynavector into lending
one | hope to report on the differences soon. Maybe if | say
“please”. 1)

Temperate Zones of Test

Another piece of original thinking has gone into solving the
problem of temperature dependence and damping matenal.
The only rubber used in the Karat is to prevent the cantilever
taking its jewelled self up into the body whilst playing records.
Normally the pivot damping in a cartridge is accomplished by a
rubber block and this is prone to suffer from changes in
temperature and slow deterioration as it ages — the Karat suf-
fers neither of these weaknesses.

in fact, due to the short rigid construction of the cantilever,
the Ruby requires no dampipg at all.

Cross-section of

Yoke Magnet Yoke the Karat Ruby.

Tip
Cantilever Armature i
eV a
(Ruby) & Coll gopper ePlece
block

Under test the Karat showed a ruler flat response from
100 Hz to 30 kHz of under £ 0.5 dB! It was only 1 dB down at
30 Hz and separation measured an excellent 24 dB at 1 kHz
and a more than adequate 18 dB at 20 kHz. Stylus resonance
fell at 49 kHz and in the SME Series |l {what else?) LF resonance
was well placed at 12 Hz, below audibility and above warps.

90

Tracking was exemplary for a movingcoil unit — at1.75 g =

it tracked all my test bands perfectly; the first moving coil todo
so. Bias was set for 2.0 g a high value, but one that worked well.
In actual use the K arat was never caught out by any recorded in-
formation.

If at this point you're looking around the pages in search of
the usual response graphs, don't bother — 1 haven’t included
any. If you really want to see a straight line, go buy a ruler
Dishearteningly disappointing for us cynics.

Listening Out

As the Karat Ruby matches the SME Series 11l so well, it was
left in that arm all through the listening test. One brief excursion
into a Linn ltokk showed the two to be completely incom-
patable in my opinion, as the sound stage broke up and the bass
became so loose as to be positively flapping! Strange that, as
both are capable of much better and there is little on paper to
point to suCh obvious mutual abhoration

The loudspeakers used were my trusty KEF 105 I’sfed by a
variety of amplification from Crimson, Monogram and Trio.
Source equipment remained at Thorens 160S/SME It
throughout.

On the very first LP side | played with the Ruby it was ob-
vious that here was something special. The sound is so detailed
and open, with such tight control of the bass that it makes you
sit up and take notice of the music. This is acartridge that will be
much appreciated by reviewers, as it is so easy to listen through
for long periods.

In fact there is little | can say against the Karat. It is a trifle
recessed — | cannot account for this impression from the lab
results, however, but it remains a definite impression — but is so
relaxed and balanced a sound that none but the most obnox-
ious could find aught to quibble with. The sound quality
reminded me greatly of the Ortofon MC30, but with greater
resolution of complex passages and a more extended bass end.

At around E100 the Karat Ruby is an. excellent bargain.
Even accounting for the required step-up device, this pickup is
required listening for anyone in the market. | have no hesitation
in saying that it out-performs many units costing much, much
more and will give more musical pleasure than just about any
other cartridge | know.

Mind you, | haven’t heard the K arat Diamond yet but
can it realxrobe worth £350 more? On this evidence | would
doubt it! (Pause while Dynavector work out whether this is a
compliment or an insult. . )

ET) APRIL 1982



ELECTRONIC IGNITION

Makes a good car better
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FITS ALL NEGATIVE CARTH VENICLES
8 or 17 volt . with or without ballest

OPERATES ALL VOLYAGE IMPULSE TACHOMETERS
Some cider current ingnsee typm (Smithe pre 74) reguire an adeptor
PRICE €2 98

STANDARD CAR KIT f£14.85 -
Assembled and Tested f 2495 f,'*

TWIN OUTPUT KIT £ 2295

Por MOTOR CYCLES and CARS snth tunn igwton tysees

Assembled and Tested £ 34.70

ELECTRONIZE DESIGN

Dept. D, Magnus Road. Wilnecote [, =)
Tamworth, 877 58Y

Phone: {0827) 281000

DIME NSIONE: Longth 128 om
Watth 88 em
Hosgirt 4.3 com
Load longth 100.0 cm

TECHNICAL DETAILS

The besic hunciion of § irk GTBOR syitem i) often lost smong clasms
for longsr Dum times’ end other mertigting fanums. b i only necmsery
10 coneider That. oven (R § tmull engne. the Burning fusl relesass over
5000 tumes the ensrgy of the 1pert 1o resines Tt The 1park & only &
rigger for the comination Once the fuel I8 igvied the 1perk & insegnifecant
and has no offect on the rem of cominmtion. The amntisl humction of the
perk i 10 start that combustion g8 quichly 83 possbie snd That requirss

8 hogh power Wpavh

The traditionsl capacibve discharge rysterm has ths Righ power 10erk
but, due to NS very thort wpart duretion end cormeguentsl low Wpark
enargy. it imcompetible with (i wish gin/fusl AR wned I modern
cars. Bocouss of tha moet manutachwen howe shendoned CAPECtive
dichargs in tovour of The cheaptr inducue systam wmth IS low power
bt vary bong duration 1park which guerentes that soonse o loter the fuel
il igaits. Fowever, § et lesting 20008 st 2000 rev/mic wens M4
degrem snd Yo could meen the axtusl fuel igaition posnt & retirded
by this smount.

The wivtion i 8 very Nigh poner, maem durshon 1pert ganerswed bry
the TOTAL ENERGY ODICHARGE svem. Tha gven ignition of the
weshest! Muzharel with The meriswum of imang delay and veristion for §
wnooth stficsent engme

SUPER POWIER DISCHARGE CIRCUIT A brend new wchagus
provents enargy being reflected bech to the Horag capeciior, grvwng J%
times the 1007 energy and J tomes the park duration of ordenary C.O\
Ty eI, ganereting § 15erk powerhul enaugh 10 cause rapsd ipetion of
oven the waskest fusl Minturss without the ignition deley sssccisted with
owte powie Jong burn” INdUCTive ryvises

MIGH EFFICIENCY INVERTER A hogh powt | reguisted lnverte
provides » 370 volt snargy source — PoRErivl ancugh t0 Fure Twece the
nwo‘mmmmwww—wﬁwwwwtm
mith 3 betwry down to 4 voits

PRECISION SPARK TIMING CIRCUIT Tha crowt remoses off
urannthd legnsh coueed by contact volt drop, contact thwffle contact
bounce, and saterngl trensents wheth, IR murvy desti, can case timing
wrors or demaging wn timed 1perks. Only t the corrext snd precme
contact opensng ) 8 pert produced. Contact wedr 1) simaost slaninsted
bry recuteng the CONECT Dresher currant 1o 8 low lovel  pdt W oot b0
ke the contacty clasn.

TOTAL OCADINARY

INLAGY CaraliTive
DHSCHARGE DISCHARGE
SPARK POWER (PEAK) 0w 0w

SPARK ENERGY b YN t0my
(STORED ENERGY) 1% mJ 68 my

SPARK DURATION 500 p$ 160 48
OUTPUT VOLTAGE (LOAD S0pf

EOUIVALENT TO CLEAN PLUGE) KV BV
OUTPUT VOLTAGE {LOAD SOpf » 500 KN

EOUIVALENT TO DIRTY PLUGS) b. X 8 17KV
VOLTAGE RISE TIME TO 20 KV

{Loed 50pF) %8 )8

TYPICAL SPECIFICATION

TOTAL ENERQY DISCHARGE thouid not be contused wath low power
wubuttred systarg or hyind 10 called reacine IVt




SAELECTRONICE AGTON) LTD

Reprateved = Englana |1 19820
267 & 270 ACTON LANE, LONDON W4 5DG. Telephone:

01-747 1558

Telex 291429 01994 N

ALUMINIUM BOXES.
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RELAYS

CONTINENTAL
By Omron_Veriey, Semaens etc. 2 PCO. . B%p es.
4PCO 100p Bases 20p

SUBMIN POWER, 5A contacts. smali physicel e, 4PCO
100p, bases 23¢9

POWER RELAYS. Plug In octel and 11-Pin 2 and 3 PCO types with
7% Amp contact ratings. By Schrach, B&R Omron, etc
Ondy 2.00p @e.

ZETTER LOW PROFILE (Type AZS and 6)

Just in_ 8 large quantity of “fist pack’ relays in standerd, heavy duty
and lstiching types. We can offer these at » fraction of list price in
many cosl and contact amangamaents. Full date suppiled on
request. Send o¢ ring for hist

DL Relays

Form A Only 1.00p ea

SWITCHES

Specre! ofters inciude.

LLUMINATED

Licon 01-80C push fit 2PCO switches. Separate bulb contacts (TVse

flange] SA rated contacts. lenses included. Latching or momentsry

actwon Oniy 1.50p

MATCHING INDICATORS . BOp e»

;ﬂwﬁon Lscon stocks rapidly diminmshing - BUV NOW and
A

ROCKER

lliymnated Mmaeins rocher switches, 16A contacts
OPST. Red, push I, 26x30mm standerd type
SPST Amber, push Iit, 14x30mm standerd type

ROTARY
1P12W, 2P6W, IP4W Lortin type
2P11W Eima goid plated sdjustable. High queality

MICRO
V3 roller, arm o standard.
Vd roller, srm or standard

oL
4xDPOT; $20PDT, gold contacts, by ERG & CTS. only

industriel type 2 Pole 12A/800VAC.
8 Pole 10A/IBOVAL.
10 Pole 12A/800VAC

CABLE

Our cable stock must be seen 10 be beiwved so it is /m bie 10
st t o). ELECTRICIANS . . . buy our 2.5mm? for only £8/100 and
1.6men’ onty £8/100. VIDEO CABLE UR?S 7541 Coen Mil spec. only
£20/700. BELDEN CABLE. Mook up oinu ;o.na’wAwq
Super prices MAINS CABLE n asmm 0.7%mm* Imi

T.V. DOWNLEAD, exceilent rates for 100m. MULﬂCOﬂES ol all
types. RIBBON CABLE. We've got K. Why not see for yourseil.

SEMICONDUCTORS

We of course carry a full range of transistors. diodes. CMOS, TTL
Linesrs, Triacs, T ors and other devices but lack space 0 pnnt
long boring lists. Suffice to say we will best most of our compet:
tors on price, availability and qualrty of product

The foliowing are availabie in enormous quantity, generous trade
discounts are offered:

BC184L ~ BUYSIC ~ BFRE7 — ZTXIM2(npn) — ZTXS42(pnp)
BY208. Our price 2.00p — 2N3373, Our price 1.80p
J44S Serles TTL

The following numbers are M n ?a . Maximum savings
LSO 02 10 " 3 76...138,..178
N92...193, . 227 ., 2% 173 290...293
Standard TTL
glozuoslszozsrseeua

Heeatsinks
Redpont TV4 (for TO-220 package.
105 1pe {8 {S0°C/ W)

15p ea discount on qty.
8p »e. discount on qty.

CON NECTORS
MAINS CONNECTORS
US pattern 2 pin flat plugs,
I sockets, ne sochets all 20p ea
EC Europlugs
Our price only 50p
aulgin 3 pin 6 Amp ol&ond
froe socket
Cannon LNE lstching maing free
sochet
Chassis mounting plu 1
EDGE CONNECT s (
GOLD PLATED)
0.15 pich
18 wey
22 way
2n22 wey
0.1 pich
24 way
37 way
40 wey
2280 wey £200 78
250 2%70 wey 4.50

RF CONNECTORS
BNC Plug (50R or 75R)
BNC Line sochet
BNC Chassis sochet
Flange
SHF
PL299 Prug.
Reducer
$0239 Flange Chessis socket

PL 258 Double sochet.
PL2%9 10 BNC (male) sdaptor

1
PET100 plugs.
PET100 Chassis socket.
N-Type Plugs (Amphenoi)
N-Type Chassis sockets (
Amphenol).
MULTIWAY CONNECTORS
Wae carry smocks of new
and bhargan priced used D-

555

£33

223886 85 §§§§ £8
£8

‘---
2388

New D15 sochet
New D9 plug
AUDHIO CONNECTORS
We stock all types of :oct phone and DIN plugs 100 numerous to
hst, phone for details in professional types we have
CBC Type nng loching multiway connectors fashioned in heasvy
duty nickel plsted sieel with cebie clemp In2. 3. 4. 5 end 8 way
Onty €1.00 per pr.
Swiichcraft XLR Senes, the professionals choite
AJ4MM 3 pin free plug 1209
AJF 3 pin free sht 1.32
DIM 3 pin chassis plug 1.10p
D3F 3 chass:s skt 1.60p
M‘! . 20mm OB 7p. AS 10p. 1% inch QB 7p. A/S t2p. % inch 6p
HOle 20mm P/ ¥5p, Chassis mounting 10p. 1% inch Panel
mount: C/M 10n. % inch P/M 280,
MAM : Computer grede but idesl for MiFY, etc. 8 or 15
£4 oa
&w MOTORS: Mains or 115V operstion, great for t‘mif\&pw-
oous or discos
NEON BULBS: We have very lorge quantrities in stock.
Qi BULBS: 50W 12V projector type, 10 Clear $0p a0
LOCTITE: Penetrating adhesrve It reslly stichs. SOML loc only 3
DIGITAL ummﬁﬁ?tls Superd value. copy © oless:onal
model. Full ran nd Specs. O(g PRICE {40
TMKS00 METERS To\noh dependabie Multimeter 20K/V sens Full
ngesinV A &R OUR PRICE £24
SPEAKERS: 3 wey 20 wanl shelf mounting. 4’ Bass driver,
2% Mudrange, 17 Tweeter. interngl ve Crossover. Grest
sound £32/pr. PLUS 4 oriver BALL SPEAKERS, real 20W outputl,
crisp, cledn sound, § “%ﬁulﬂ. bergain #t €12 pr,
SOLDER: 60/40 185 t% m £3.50

IRONS: Antex XI5 £4. u Amox Cl5 fe. §8. 12V 25W irons €6,

Thie advertisement is mainly of our excess stockhoiding. We 8is0 have excellent stocks of semiconductors, hardware. cables.

otc. etc For turther details send for our listy and retall price cats
tand P&PY. Mintmum Mgl Orger [5 « P&P ¢ VAT, Government

jue, phone or visit our shop. All priges sre exclusive of VAT
AIIMents. Chools, colleges, ade and ¢xpOrt WwelCome.
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C.P.ELECTRONICS ACTON) LED.

Aowrstecost i Englarna §1 79820 IXum 6rm
2678 270 A 01-7247 1585 A
CTON LANE, LONDON W4 50G Telephone. 01.994 6275 w“'m

Telex 291429

o SV IO RS. . | 4 MILLION

;.}:'g“.:,ém.,‘iz’m"“. T e e T . R L.Y.T. ELECTROLYTICS NEW
COUTANT OA2: Op. amp, psu. 1204240V IP Duet Op. 12:15%v & m BoxEn HO' I“ STOCK
100mA. (138:80x45mm ) €12 es. or 2 for £22.

BRANDENBURG Photomultipher PSU. 19n. rack mounting EN 1212 AXIAL EN 1235 RADIAL

Metered, current mit protection,

374 J00V-1KV a1t SmA 376 860V-1K6V st 10mA v (
375 500V-1KSV a1 6mA. AT il The whole range g;zu(ljaft;lre“;l unbeatable
PIONEER MAGNETICS POWER SUPPLIES 5V 150 amp. output prices. :

input 118 vac. (Switchmode) Price €120 sach

Various other makes of power supples wn sioch Plesse send for
lists. S AE. plesse
n TO A CO—NVER?I’ERS 5 miltion Disc Ceramics in stock. Ceramic plate.
Ay dd Mutti-layer ceramic. Low voltage discs. Monoli-
4. thics. Ceramics. High voltage discs Subminia-
By Micro Consultamts Lid 501) cable & . Unesrity 0.29%. ;
0.125% typ. Setiling time. 2V siep m.:g',';' g e ture plate, epoxy cased Send for lists or pleese
televisson transmission standard. D' gan 0.5% ot phase shift phone for details.
0.5 types rad 802 and MC2200/8. Unysed Ex-maker's pack
SPECLAL OFFER PRICE - £20

NEW IN STOCK

A renge of high quaebty transformers SPECIALLY WOUND for us. By
buv'ﬂl direct we con offer these superd SPUIT PRIMARY & MULLARD: Series 106 Computer grade electrolytics 10.000uf at

18V. Brand new and bored 3o ea
SECONDARY iransformers at highly compatitive prices SPRAGUE: Serses 360 Computer gratde electiotviics 3.300 at 40V
SVA 0-12.0-12 0-12v. 012V .3.80 e — it e =
o T = 0-15v, 015V SIEMENS. Procond Radiel Polvesier Fulm Capacitors 10wF st 63V
1ZVA  0-4VS.0-4VS 0-20V, 0-20V Sred pin T T e, e e
g_gx'g‘:: SovA g-OV o-6v . Quantity hv.-'labu
. v, 0-9v
012V,012v.. 299 012v.012v A RESISTORS — PRESETS - POTS
0-15V, 0.15v 0-15v,. 0- 15V CARBON FILM_ YW from IRQ 10 12M Oniy €1/100 o« £57 1000
0-20V, 0-20v 0-20v, 0-20v METAL OXIDE: TR4, TRS. TR6. TRB n E24 range. by Elecirosil or
20VA 0-4vS, 0-4VS 120vAa 0-20V, 030V Philips in 5%, 2°%. 1% Save {3 on manufacturer's preces
0-6v, 0-6V 0-40V, 0-40V 2950 wngvouw ;. We specislise n Welwyn Vitreous Enamelied W
0-9v, 0:9V series types 10 2V 10 12 Wmi_ Also 3 good seleciion of HSA type
matas clad powet revistors and TY dropper repiacement sections
g’:dttg :'mmmwasm vl HIGH STABIITY. 0.1% Tolerence Ressntors for instrumentation
- e purposes. By Fiimet or Welwyn 3K 10K 30K 1M _Onty 30p ea
numl Price | 7SOVA €23 %0 PRESETS: Skeleton and encliosed. horizontal or vertical Piher qual-
300V £13.00 | 1000VA €27.00 -tL esets. Ra from 100P 10 SM Popular PT10 e 10p snch
SOOVA......... €18.00 | 1500VA (36 00 Al gGREAT OUNTS ON QUANTITY
Othver Transformers 12vA CERMET PRESETS Top quality presets. good range noand ;
1.2VA 806 12012 1 1 296 nly 15p e
e oll 1,14 ?-svz:\o. " - MULTITURN PRESETS: %' and 1%’ Bourns type Oniy 50p each
1.5VA 909 2 s4p SPECIALY 100K 15 turn ¥ Ondy 20p each
12 80p 24VA SWITCHED POTS. Push switch pots from AB In 22K Ln and 100K
15y 1.00p | 12-0-12 134p lin, Switch independent of pot action 300 e
2.4VA | 12v, 4 04p RESISTOR NETWORAKS. Large renge in DIL & SiL pechages by
12012 1.48p | J0VA Beckman & AB Send SAE or phone foe list
24V(pcd) 1.00p | 15.0-1% Jé2p WELWYN STRAIN GAU (Precinon Mcro-Mepsurements)
4VA IEVA Romulus Michegan type MA.-0950084-350. Our prce £1.2% oo,
5.0-% 1.2 909 4 0p Lest price (3 85 Large quaniities avaiisbie.
SVA SOVA
28y 150 | 0-2-488 10 & 00p
Veroboard 0.1 Copper Apple proto boards 4.00p
233V, 70p | Vero bones - 2 tone grey/whie Surplus component stocks, redundant materials,
%R 80p | piastic boxes obsolete computers, for cash.
g:.:)% zg ax2xl ; 99p
‘an® . 4x2x1% 22p - »
gx'“; i‘?; 4%12%-1:: 13;:: We also collect - distance no object. Just call
ax 1 7VandVax2 R
417, 4.20p 7adWx2% [alntront) 1519
o UeroABS o o Bore C.T. Electronics (Acton) Ltd.
vind% 4 3% Wex Bp
s o | Ieavax2e —_—— 267 & 270 Acton Lane, London W4 SDG
V-0 Boara 1300 | L, Trech cuttars €118 Telephone 01-747 1555; 01-994 6275
o (1135 156mm). . 3.26p 458100, Track cutters €1.18p ep 7 : 01-994 6275
RS DIP Board {100x160mm) Telex 291429

3009




ROBOT MOTOR
CONTROL

This month we feature a control board for last month’s motor driving
board. This is part 2 in a series of DIY robot modules — collect them

n thes second pant of the sernes on

the ETI intelhigent ammabile

mobrbe we shall desc the dengr
of an analogue pulse wadth
modulator 1ot controlling the motor
drrver stage featured last month. We
shall also take a bnet look at some of
the modules beng oftered later in the
series whnch can be added n stages to
enhance the motormed veteclp. The
intention s 10 budd up 10 a complete
computersed mobxle

A lot of flexibiity has been
allowed for n the actual use and
conhguration of the modules, as we are
well aware that constructors mterested
in this type of promct have fum deas
of thesr own on the final form and
capabelities of thesr mobile
Construction and mterconnection
details for all the modules we ae
presenting will be grven along with
guidelines to a range of applications
The faciirties we have planned for

the mobsle will continue with the
digital motor control and an on-board
programmabile computer for overall
cont.ol of other mochsdes. A light-
weight manspulator arm complete with
teaching arm has also been desgned.
for mounting on the front of the
mobde. It 15 powesed by four ratho
control servo motors and the
electronucs mtevtace bedwnen Gn
servos and computer will be described

along with details of the arm
mechanics Optical proximity detectorns
tor object semsing and nfrased
tachogenerators for speed sensing will
als0 be featured on the ET] mobile

1t is hoped that the designs will
also prove useful as stand-alone
modules for indnvidual use n other
applications. Optical proxsmity
detectors, for example, have numerous
applications in batch counting. limit
sensing detection, alarms and 30 on

The digital pulse width modulator
n next month’s sue will find many
uses in the control of analogue
functions, how about a computesr
interfaced 0 2 pulse width modulated
optical data lnk, for analogue
information transmassion? Owr version
will control two pulse wadth modulated
channels, with a resolution of one pan
in 256, via an eyght bit data port;
maodulation beng achseved solety by
logic to satisty the all-digital pursts.

Optical Proximity
Detectors

These have been designed as small
mdependent unity with as much inbuiit
versatility as possible The crcutry s
housed in a short length of alumnem
tube anially algned in the detector
divection, with three external

connecting pouts, ground. positive
supply, and an open collector digital
output. A number of detectors can thus
be easily mounted in strategic
locations. All ciscut operating
parameters are independent of the
supply voltage, whuch can be anywhere
between 5 and 35 V at a current of

20 mA

The proximity switch works on the
principle of tramsmitting and detecting
a modulated infra«ed beam The intra-
red transmitter recerves 1 A peak
current pulses. of 10 u$S duration, with
a modulation frequency of 1 kHz. The
100:1 duty-factor thus achieved allows
high currents to be used 0 increase the
detection range, whule reducing the
average supply current to only 10 mA

'he sensor can be set by a preset
pot, accessible through a small hole, to
detect an object at any distance in the
range 1cmto IS cm.

A small amount of hysteress is
introduced into this switcheng distance
to ensure clean switchung thresholds
and stability of the output signal. The
use of tuned detector amplifeers
provides excellent infrared interference

repection
Analogue Speed

Control
The analogue speed control has
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PROJECT

t | .

-
VOLTS |

RAMP WAVEFORMW

VOLTS |

v

MODULATION
VOLTAGE

| Vou OFFSET

CONTROL VOLTAGE
FAOM COLLECTOR
OF O3

] | §1 ™ I | TIME
| | |
| | | | |
PWM CUT-OFF LEVEL COMPARATOR
e e OUTPUT
PWM SIGNAL
A —
av- TIME
AV SLIDER | DEADBAND COMPARATOR
VOLTAGE REGION RAMP '\
o—-——i_
] rAM OUT
——
MODULATION
VOLTAGE
COMPARATOR IC2 OUTPUT )
ov — . Fig. 3 How PWM waveforms may be generated using a comparator.
RY1 ROTATION
Fig. 1 Various voltages associated with the
circuitry around Q3. The control voltage is B
: N e, S | FORWARD/REV
measured at point A in Fig. 5. i NPT
ov
50 DUTY CYCLE
1av | PULSE WIDTH
LML ML ML ML L L LT sttt
ov
' AVERAGE CURRENT

MOTOR e .} - COLLECTOR OF 3
CURRENT |~ |||||||||Ill’

Fig- 2 PWM motor driving waveforms for last 'UWLI—U COLLECTOR OF 04
month’s circult.

been devised for manual control of the :if- 4 Ihc :‘"g’lf“’:!:?ded bY‘z“E 6“3°‘°:|
main traction motors; it provides two UL SEI POV C P DRTIGE, B0 B n (51
pulse width modulated signals suitable Q4 refer to last month’s clreuit.)
for the motor driver amplifier.

The circuit is designed to provide a
linear control-voltageto-pulse-width
relationship for greater flexibility in
application, and to simplify the
addition of speed feedback velocity
control.

The modulator can be built either
single or dual, and the manual control
section, if not required, is easily
omitted. Speed control is achieved via
two remote potentiometers, allowing
speed to be set in either forward or
reverse directions independently for
each traction drive.

Since both motors are controlled
via switching amplifiers from the same
battery supply, it is important to reduce
the peak currents that are drawn. This
can be achieved by offsetting the
phase of the switching wavetorms
relative to each other, such that at
50% duty cycle modulation, power

An internal
view

of the driver
unit showing

BUYL'NES the interwiring Lo
‘ the bridyge rectifier
No problems here with any of the com- of one ¢channel.
panents specified — most mall order com- Constructional
p.mi;ls who advlerlise in the magazine will dewsils forlthe
be able to supply everything. We can supp-
ly the PCB —psee page 44 fgr detaiis. pulse width madulator ~ §
wlli appear next manth.
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HOW IT WORKS

The clrcult for the dual analogue pulse
width modulator is shown in Fig. 5; it will be
seen that each channel is identical with the
exception of the circuitry around the
CMOS gates IC1 and IC4. As described
earlier the two switching waveforms must
be the same frequency and synchronized
180° out of phase, to distribute the motor
current peaks more evenly through the cy-
cle. This is achieved by synchronizing both
pulse generators to a master clock based
around |C1a and b. A 20 kHz square wave is
generated by this conventional astable ar-
rangement and its frequency, set by R1 and
C1, is fairly independent of supply varia-
tions.

The output of IC1d at pin 6 provides a
buffered square wave in the same phase as
the output on pin 10 of ICYb. C2 and R3 dil-
ferentiate the positive-going edge of the
square wave to produce a very short logic
low pulse at the output of Schmitt Inverter
gate IC1c. In similar fashion €9 and R16
produce a logic high pulse coinciding with
the negative-going square wave edge. 1Cdb
further inverts this signal to a logic low
pulse. Two separate trains of 500 n$S
negative-golng pulses are thus provided in
the correct phase relationship lor resetting
the charging cycle of two sawtooth
oscillators as described below.

The pulse width modulators are iden-

tical from here on and we shall refer to the
topmost circuit for description. Voltage
controlled pulse width modulation s, In
principle, very simple; a ramp waveform
(sawtooth) is applied to one input of a com-
parator and the modulation voltage to be
encoded Ts applied to the other, producing
the required PWM squarewave at the com-
parator output. Figure 3 illustrates this
operation.

Due to the design requirement of a
linear relationship between control voltage
and pulse width, a constant current source
formed from Q2 is used to generate the
lincar ramp waveform, LED1 and the base-
emitter junction of Q2 are forward biased
by R6 and together define a temperature-
compensated voltage across R7 which in
turn defines a constant emitter and collec-
tor current of about 1 mA. C31s charged up
negatively from this current, until the
negative-going reset pulse arrives from in-
verter 1C1¢. This pulse turns Q1 hard on for
a very short period (500 nS), during which
C3 is completely discharged, taking the
ramp voltage back to +8 V. This process
repeats at the clock frequency of 20 kHuz,
providing a negative-going sawtooth of
about 3V peak-to-peak referenced to the
+8 YV rail.

1C3b, the comparator used to perform
the modulation, is an LF353 dual op-amp,

chosen for its large bandwidth and high
slew-rate. The inverting terminal on pin 2is
fed from the ramp waveform, while the non-
Inverting terminal is fed from op-amp I1C3a,
an inverting amplifier configured to sum
control voltage inputs relative to a 4V
reference.

The potential divider R11and R12 pro-
vides the 4 V reference to the non-Inverting
terminal of IC3a, and the control voltage
applled to R13 at point A is summed
relative to the 4 V. An offset voltage set by
PR is also summed at the Inverting ter-
minal of IC3a, and is used to bring the con
trol voltage into the correct operating
range and for setting a deadband region on
the manual control pot RV1.

The output of op-amp 1C3b (and in-
deed most others) will not swing to the full
supply rail voltages, so the inverter gate
ICVe is used to bufler the square wave to
full CMOS logic levels.

The manual control system included
In this circult enables a single poten-
tiometer to control the speed in both for-
ward and reverse directions. When the pot
is at centre travel, and for a certain dead-
band around this point, the motor must be
stopped and no switching pulses should oc-
cur (ie the PWM signalis continuously low).
As the pot is turned in either direction from
its midpoint, the pulse width should in-

8 VOLT REFERENCE a1s CHANNEL 1
MASTER CLOCK /\:.w“
DEADBAND i
ADJUST
PR1 s “Ters zo1
= 10 toon | 2200 | #V2
- 1%n
Ria
30K
. \
\ T
NN e y‘/ |
1)
COMPARATOR
20k Mz
RE LOGIC
n? LEVEL
BUFFERS
6w 8
T R3 2 i
pog 12" CONTROL VOLTAGE e
e SUMMING AMPLIFIER o[ S Pwomev
1R > <
|_FoAwano L
Leor W A . REVERSE
"o COMPARATOR GND
- & —()
CONSTANT
CURRENT
SOURCE
FEEDBACK IN
L~ BREAK MERE FOR o
_a” ONLY ONE CHANNEL CHANNEL 2
E O
2V
PR2
108
clo
-Eﬂ
9 x \ L I
[ [ "C&\/_C__:LD)—C
& ——14 WM
nz:lJ) IC4e SIGNAL
R20
7

NOTE:

iC1 1S 401068

1C2.5 ARE CAIT&D
1IC38 ARE LMIE)

IC4 1S 40938

Q1.4 ARE BC214L
02358 ARE BC184L
LED1.2 ARE RED LEDS

Fig. § Circuit diagram of the pulse width
modulator. This is the two-channel version.
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PROJECT : Robot Motor Control Part 2

crease and this requires a positive-going in-
put voltage to the summing amplifier IC3a.
The forwardireverse logic level should also
change state as the pot moves through its
midpoint. Q3 provides the necessary
voltage transfer function from the pot RV1
to the control voltage summing amplifier,
as explained graphically in Fig. 1.

The emitter and eollector resistors of
Q3 are both equal and the base voltage is
taken directly from the slider of the manual
control pot RV1. The output voltage is
taken from the collector of Q3 to feed the
summing amplifier, and will be held at
+8 Vvia R9when Q3 isswitched off. As the
slider of RV1 moves toward the centre of
travel, the base voltage rises, slowly turning
on Q3 and lowering the collector voltage.

When Q3 is turned hard on as RV1
reaches its mid-polnt, R9 and 10 will form a
potential divider giving 4 V as the minimum
control voltage. Further increase of base
voltage can now only increase the emitter
and collector voltages back up to the
positive rail, reaching a maximum at one
Vi drop from the +8 V rall.

During the above process the voltage
on the emitter of Q3 rises from zero to the
same maximum voltage, and Is fed to the in-
verting terminal of 1C2, 1 CA3140 used as a
comparator. The other comparator input
receives 4 V derived from the potential

divider R11 and R12. This provides the re-
quired forwardireverse signal that cor-
responds to each hali of the control pot. In-
verter gate IC1f buffers the output of IC2.

€7 and C8 provide supply decoupling
for both channels, while C5 and C6 provide
further smoothing for the 8V zener
regulator formed by R16 and ZD1. This8 V
reference rail is used for two reasons; firstly
to allow for fluctuation in the 12 V battery
power supply that would otherwise affect
the output pulse width, and secondly to en-
sure that the op-amp supply voltage is well
abave the maximum input voltage.

The resistor marked as Ru in the cir-
cuit shows where a speed feedback voltage
will be added to the controller to close the
velocity control loop. An infra-red
tachometer module to directly sense the
traction speed will be described later in the
series.

If the manual control input is not re-
quired, the components associated with
this ¢an be simply omitted (ie RV1, R8, R9,
R10,C4,Q3, 1C2and thelr equivalents in the
other channel). Control voltages may now
be fed to the unconnected end of R13,
where a variation of 3V, set by PR1 to be
anywhere in the range 0 V to 8 V, will pro-
vide 100% control of the output pulse wid-
th. Forwardireverse switching must also be
applied to the Input of IC1f on pin 3.

will be switched altemnately to each
motor. This spreads the current peaks
more evenly over the switching cycle.

Construction and setting up with
interconnection details for the motor
driver will be described next month.

R9,10,23,24 22k
R11,12,25,26 10k
R13,15,27,29 1M0

R14,28 330k

R16,29 150R

Potentiometers

RV1,2 10k linear

PR1,2 10k linear miniature
horizontal preset

Capacitors

[ ] 1n0 ceramic

C29 220p ceramic

€3, 10 15n polycarbonate

c4 1 2u2 35 V tantalum

5.7, 12 100n ceramic

C6, 13 220u 16 V anlal eiectrolytic

(o] 100u 25 V axial eiectrolytic

Semiconductors

IC1 101068

1€2,5 CA3140

1€3,6 LF353

IC4 40938

QL4 BC214L

Q23,56  BC18L

LED1,2 red LED

ID1,2 8V2 400 mW zener diode

Miscellanous
PCB {see Buylines)

PARTS LIST ‘

= 1
Resistors (all %W, 5%)

R1 100k

R2 15k

R3,6,17.20 2k7

R4,18 470R

RS,7,8,19,

21,22 1k0
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PROJECT

SOLID STATE
REVERB UNIT

Where have all the spring lines gone? Gone to lesser projects in other
magazines, that's where. Meanwhile we present this cheap, simple, but
high-quality unit using solid state technology.

Design by Charles Blakey.

SOLID STATE REVERB.

t last — a reverberation und

which s not a pseudo echo

effect and does not suffer from
the defects of spring line devices The
unit described below will interface with
virtually any preamplified signal and s
ideal for direct use with most musical
wstruments or for incorporating in the
‘echosend line of maers The design
has been made possible by a new
33284tage bucket brigade device
having six tapped delays and capable
of producing a useful reverberation
time of about three seconds

Sound emitted in an enclosed
space will be subjected to both simple
and multiple reflections from intemal
surtaces Since these surfaces are at
varying distances, the time for these
retlections to occur and then decay by
absorption will vary. The effect is a
build-up of sound known as
reverberation When playing a musical
instrument in the home, small studio or
some other venue, the decay ime can
be very small coupled with a high
‘t llll..\.‘,mth fm" i‘\’mk
sound when compared to recorded
musiC or to live music plaved in a large
hal
Until now the only low-cost

method of simulating acoustic
reverberation has been the use of
spring lines These units, however, are
prone 10 vibration. require a high

ET1 APRIL 1982

power consumplion for effectrve
drving and are proove to producing
dntorted resonant peaks Furthermore
it 8 not possible to adjust the
reverberation time and in many
instances a short reverberation can be
very effective Another option has been
available for some years, namely, the
use of bucket brigade devices to
electromcally delay signals. While
claims have been m tor
reverberation effects based on these
products, a realistec unit would require
at least three dual 5124tage BBDs,
such as the Reticon SAD1024A. The
Cost and complexty of the latter
approach puts it beyond the reach of
the average constructors

Beyond The Pail

The reverberation unit utilises the
MNIO11, which is the latest in a serres
ot bucket brgade devices for audio
applications 10 come from Natwonal
Panasonic. They are all fabncated in
PMOS and for a stant you can forget
most of what you may have read about
the deadvantages of PAMOS BBDs. It is
a fact that they are somewhat limited
in clocking speed (10 kHz to 100 kMz)
and also have a limited bandwidth,
typically 10 to 12 kHz. The latter
however, is not usually a limiation
since the bandwadth s often restricted

o

LEVEL PEAK

by the deswe for long delay times
What makes the seres «deal for audio
applications s thew low nsertion loss
tow distortion and excelient signal4o-
notse ratio and for the MNIO11 the
specrined values are 0 dB. 0 4% and
76 dB respectrvely

The IC s unusual in that it has 12
pins but is the length of a normal
18-pin package. the functional block
dagram and pnout for the MNIOT1 &
shown in Fig 1. As is normal with such
devices #t requires two power supplies
Vep and V., the former may be up to

"?0 V with respect to M while

Ve should be + 1V higher than V
Bucket brigade. or charge coupled,
devices are analogue shift registers
which operate by sampling the input
signal at a rate determined by an
external clock The signal level at the
time of sampling is stored on an
internal capacitor; this charge s then
clocked down a senes of capacitors by
means of internal switches The trarsfer
process & accomplished by a dual
clock whose outputs are in antiphase
and o are alternately opening and
closing adjacent switches It will be
apparent that the slower the clock
speed the longer the delay Since the
devices operate at high clocking speeds
the input signals are faithfully
reproduced at the output.

The most interesting feature of the
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Fig. 1 Pinout and internal layout of
the MN3011. The centre three pins on
cach side of this 18 pin package are
absent.

MN3011 is that it has six tapped delays
and Fig. 1 shows the number of stages
for each tapping. The tappings are not
evenly spaced since otherwise the
reverberant sound would have a
distinct flutter. If the device was being
clocked at 10 kHz then the delays from
outputs one to six would be 19.8, 331,
59.7, 863, 139.5 and 166.4 milliseconds
respectively. If these delay times are
mutiplied by 0.33 then one obtains the
equivalent room path length for one
trip, 1e the longest delay is equal to a
room length of 55 metres (181 feet).
Reverberation-time is usually measured
as the time taken for the power to
decay to one millionth of its initial
level (60 dB down). For the present
design the time was measured for the
output level to fall to one hundredth of
its initial level (— 40 dB) and at the
longest delay this was found to be
about three seconds.

Blocks ‘n Clocks

The block diagram of the circuit
for the reverberation unit is shown in
Fig. 2. First there is the dual clock
driver, which is another National
Panasonic device, the MN3101. It has
an oscillator, divider and wave form
shaping and produces the dual clock
pulses required by the MN3011. It
reduces component count and is lower
in cost than other alternatives, such as
a 4007. A further advantage is that it
also generates the required V.
voltage.

The unit will operate satisfactorily
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with any input signal greater than

280 mV RMS and higher input signals
are attenuated by the input
potentiometer. The signal is also
reduced by half in amplifier A1 and
inputs higher than 140 mV to the first
filter are indicated by a LED peak
detector circuit. Although the MN3011
will accept signal levels up to 780 mV
before the distortion value stated
earlier is exceeded, it will become
apparent that the effect of
reverberation can lead to
reinforcement of signals and
consequently this has to be allowed
for. The only preset in the circuit is
used to apply a bias voltage to the
signal. The precise value of this voltage
i5 not very critical in the current design
and the object is to keep the signal at a
level where it will not be distorted or
clipped within the BBD.

The main problem with BBD:s is
the inability to completely cancel out
the clock pulses and these can form
audible cross products with the input
signal. In order to prevent this foldover
distortion, the bandwidth of the input
signal should be limited to between a
half and a third of the clock frequency.
Filter F1 in Fig. 2 is a lowpass filter with
a cut-off frequency of 3.6 kHz. This
may seem rather low but in fact it is
equivalent to the upper reverberation
limit of most spring lines and the BBD
scores in respect of low frequency
responses since springs usually give rise

to ‘booming’ below 100 Hz. The limited
bandwidth is compensated by mixing
the original signal with the reverberated
signal at the output stage. The filtered
signal goes to the MN3011 and the six
output stages are summed to give a
composite signal with different delay
times. This signal is- again filtered with a
lowpass filter with a cut-off frequency
of 3.6 kHz, to remove residual clock
glitches, prior to mixing with the
original signal at the output amp-

lifier, A2.

The most important feature,
however, is that the signal from the
longest delay is returned, slightly
attenuated, to the input and subjected
to further delays. This is the
reverberation effect and with the times
given earlier the sound wil simulate
the effect of the first reaching a surface
55 metres away (assuming slowest
clocking rate) and then being reflected
back as well as being reflected from
other surfaces ¢loser than the 55 metre
surface. The whole process is repeated
until the original delayed signal and its
reflections die away. In the meantime
new signals are being recycled and the
overall effect is a build-up of sound —
reverberation.

Construction

The construction is very
straightforward but the following
precautions should be observed. First,

1

]
o MNI01

. cLocx

DELAY

\ MNI011
81AS i b—Od: 200 + i 2
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o—y&—4 A Sl

LEVEL 3, -

e yzﬂ- - OQUREUT
3

Fig. 2 Block diagram of the ETI
Solid State Reverberation unit.
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PROJECT : Solid State Reverb

BUYLINES

ava
The PCB and a kit of components for the P IS, TAARMRCAMen.
reverberation unit is available for £32.00, S00mA FUSE 3 E°
inclusive of postage and VAT, from w
Digisound Limited, 13 The Brooklands, a
Wrea Green, Preston, Lancs PR4 2NQ. The g
power supply may aiso be obtained for an : > .
inclusive price of £7.00. As the PCBs are NEUTRAL
| copyright they will not be available from
| our PCB Service; however, the foil patterns BRIDGE 1S
are reproduced at the back of the L e
magazine. National Panasonic do nol

distribute acHive components in the UK and i

the ICs may only be obtained from .
Digisound. Fig. 4 Circujt dlagram of a suitable PSU

for this project.
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MIX Yy UIX T LID‘} ouTRuTY

RV RV
Fig. 3 Component overlay for the reverberation unit,

PARTS LIST
make sure you get the correct
orientation of the 1Cs which are clearly Resistors (All AW 8% except where stated) PRl 47k miniature horizontal
shown on the component overlay. n; S 10R ‘AW preset
Seconfj. the MN3011 is a FMQS device 1 ada W Capmchivis
and with the advent of ‘B’ series R334 sk €12 10u 38 V PCB electrolytic
devices we have all become rather R4 330R C34 1000 polyester
careless as regards handling such ICs. R6 w3 cs 22u 35 V PCB electrolytic
For the MN3011, however, take the iy il oty | TR
B N ! R10,29,37 47| 10,43,
precaution of working on a grounded R11. 30 Sok 20,22 220p polystyrene
R14,16,18,20, €0.14,15,
22,24 56k 1% 21,24 3u3 63 V PCB electrolytic
R1S 100k 1% €9.11,12,
PSU PARTS LIST ___ R17 110k 1% 18,19 2n7 polystyrene
1 R19 120k 1% Cle 2n2 polystyrene
Capacitors R21 130k 1% C17 270p polysiyrene
1.2 470u 35S V PCB electrolytle R23 150k 19% 3 33p polystyrene
C34 100n polyester R2S 160k 1%
CS.6 10u 35 V PCB electrolytic R26 200k Semiconductors
R28 82k IC Ti074
Semiconductors R3S 18k 1C2, 4 LMJ58
It 78L15 R36 %0 IC3 MN3OTT
Ic2 79115 R38 6k ICS MN3101
BR1Y 0A9 DIL type R40 68k D1 IN4148
LED1 §$ mmred LED
Miscellaneous % Potentiometers Miscellaneous
PCB (see Buylines); PCB-mounting RV1 100k logarithmic $k1.2 monc jack sockels
transformer (15-0-15, 6 YA); S00 mA mains RV2 10k logarithmic PCB (see Buylines): IC sochets; case (Vero
fuse and chassis-mounting holder. RV3 470k linear order no. 91-2673G).
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metal surface, such as a piece of
aluminium foil, do not insert the 1C
with the power on and do not use a
soldering iron on the PCB with the IC
installed.

The PCB supplied with the kit has
a ground plane to reduce interference
from and to other electronic
equipment as well as to reduce noise.
This feature allows greater freedom in
locating the unit, eg it does not have to
be housed in a separate metal case. A
ground plane comprises a metallized
surface on the component side except
for small areas around the holes for the
components. Ensure that the
component leads do not touch the
ground plane — which is not difficult
— and preferably solder the resistors
and axial capacitors in place with a
thin piece of card between the
component and the board so that the
former are not in physical contact with
the ground plane. After soldering the
card is removed. Tt latter step is not
essential. The one wire link must be
made with insulated wire. The ground
plane has to be connected to the 0 V
line and some 15 mm from where the
latter is connected to the PCB there is a
hole marked ‘join’. A piece of wire
should be placed through this hole and
soldered on both sides of the PCB.

The PCB has been laid cut such
that the BBD and clock are as far away
as practical from the signal input and
output. This separation should be
maintained if the unit is housed in a

box and all wiring should be kept as
short and as neat as practical, with the
audio connections being made with
miniature screened cable,

The unit requires a £15 V power
supply and the current consumption is
amiserly 13 mA at +15V and 9 mA
on the =15V line. If a separate power

HOW IT WORKS

supply is required then a suitable PSU
is shown in Fig. 4. A PCB-mounted
transformer is preferred, and it should
be mounted as far away from the BBD

as practical. The photographs show the

unit inside a Vero ‘G’ range case with
internal dimensions of approximately
218 x 138 x 50 mm.

The inpul signal Is attenuated by RV1 and
also by the Inverting amplifier bullt around
IC1a which has a gain of about 0.5. From
ICla the signal goes three ways. A
comparator built around IC1b forms a peak
detector 10 indicate optimum signal level,
while RV2 and R35 allow mixing of the
original signal with the reverberated signal
| in the inverting amplifier configured
around 1C1c. The component values in this
section are such that equal proportions of
the two signals may be mixed. Finally the
signal also passes to two active filters
constructed around 1C2 which have a
12 dBjoctave roll-off for each stage and a
cut-off frequency of 3.6 kHz.

From the above filter stages the signal
passes into the MN3011 and the six delay
oulputs are summed by the resistor network
formed by R14 1o R25. Nole that the shorter
the delay, the less the attenuation. From the
longest delay (pin ) the signal goes via R25
back to the inpul of the filter and thus
provides recycling of the delayed signal in
order to generale a true reverberation
effect. The reverberated signaiis filtered by
two aclive filters constructed around 1C4
and these have the same characteristics as
the input filters. Between the active filter
stages sume passive filters have also been

added to increase the rolloff; the loss in
these filters Is compensated by increasing
the gain of the active fllters.

The dual clock for the MN3011 is
provided by IC5 and with the components
shown, the clock frequency may be
manually varied with RV3 over the range
10 kHz to 100 kHz, allowing maximum first
pass delays from 16.64 lo 166.4
milliseconds, Pin 8 of 1C5 provides the V¢
voltage for the MN011. Since both IC3 and
iC5 are P-channel CMOS it would be
normal to operate them from a =13V
supply. Voltages are, however, relative and
by connecting + 15 V to the ground pin and
ground (0 V) to the V pin they will
operale happily with positive signal inputs.
R1 and C5 prevent clocking signals geltting
back into the power lines, The filters are
also operated from a single + 15 V supply
and this avoids any problems which may
arlse from excessive bipolar signals, ie they
will be clipped at + 15 V or ground and not
damage the BBED. The bias vollage required
by the BBD and the filters is primarily to
allow them to accept bipolar signals; this
voltage is provided by the resistive divider
using components R39, PRY and R40 and is
applied to the non-inverling input
of the filter op-amps.

v < T AAAA AAAA—
+ A
EAr IR €3 100n i L
ov " T ) LTy R18 S8 R19 1208
..
==cz2n Tcuoon R20 S8 A21 13
SV O +

< L AN AAAA
s A22 58k ( L R23 150k
._[ oy b—AAAA —AAAA—

R3 100 II

4
R24 S8u [ I A2S 1808
-

R28 2%

NOTE

(] 15 TLOZ4
IC2.4 ARE LMI58
icy s MNI01Y
Ics 15 MNI101
[+3] 15 1n4T48
LEDY IS RAED LED

R3Z 100w

1 10
A2T X

o

7 1543 2 IW
%

c1a’

SIGNAL INPUT

AV 100
LOG LEVEL "‘l

1IN
2 il DELAY
=
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= %
e I 3
3 :
iC8
MN3IOY
| -
1 2 IJ I‘

A3 160

outeut

Fig. 5 Circuit diagram for the ET) Reverb.
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— P RO JECT : Solid State Reverb

Setting Up And ' '
Use

™
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ClaOn [T
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The unit has a signalto-noise ratio
of better than 60 dB but ths requires
that it s operated with the peak
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Of words. ¢
[nd m
setting will be such that during penods
f ne al the residual nosse will not
be ot ¢ 0!
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everything else. . .

there @ the £ 1! binder. Spend your nights enjoying the
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AUTORANGING

CAPACITANCE
METER

Look — no hands! The only control on
this piece of test-gear is the on/off switch; the only connection is
to the test terminals. This month — construction.
Design and development by Phil Walker.
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Fig. 1 Component overlay for the main board. Make sure that
you solder through-board links at every point shown before
mounting any components,
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should only be attempted by those

with a good deal of constructional
experience. It is well worthwhile
checking the PCB for shorts between
tracks before doing anything eise.
Ensure that there is a hole through the
board under the PR1 position to
facilitate adjustment later.

Put links through the board at al!
positions marked with a dot on the
overlay and solder on BOTH sides of
the board. The other components may
now be inserted into the board —
preferably using sockets for all the ICs
except IC4 and IC15. IC4 is a TO92-type
package 100 mA regulator and does
not need a socket, while IC15 may foul
PR1 if a socket is used.

The LEDs should not be fitted until
the board is test-fitted in position as

T his is a fairly complex project and

oY —————

PROJECT

they are intended to protrude through
the panel as indicators. Attach power
supply wires and fit up to the panel,
position the LEDs and solder in
position

Assemble the display board

Y — " " components and attach the logic and
I power supply wires from the main
, i board. Wire the remaining power leads
I via the onjoff switch to the battery
| connectors and attach the two boards
GATE +— E E | to the front panel using pillars or long
CLOCK +————5, bolts and lock nuts. Our prototype just
LCD DISPLAY fitted into a siope fronted instrument
fodues = =~ case made by Vero Industries (see Parts
List).
(06 =
S L BUYLINES
Very lew unusual components in this project;
all the logic is standard CMOS. The ICM7224
and the LCD display is stocked by Watford
20 Electronics, while the LF353 is available from
Rapid Electronics. The two PCBs can be ob
tained from our PCB Service, advertised on
page 43. |
Fig. 2 Component overlay for the display board. —
Insert the link under the display first.
PARTS LIST
Resistors (all YW, 59% except where stated) Capacitors ICt5 LF353
R1,2 470R (%] 10p ceramic 1C16 ICM7224
R3AS, C2 1n0 ceramic Q1,7,89, BC182L
2837 15k Cy7 100n ceramic Q26 BC212L
R6,25 “w? 8 100u 10 V tantalum Q7 BC12L
R9 10k D16 IN4148
:‘10.14.17. = LED1-7 miniature green LEDs
R11,15,18, Semiconductors
713 1ko Ic1 741504
R12 100R 1% 1C23 740590 calla
R13 1M0 5% or better iC4 78105 Mp———__
XTALY miniature 10 MMz crystal
R16 1k0 1% IC5.8 45188 :
SW1 DPDT toggle switch
R19 10k 1% 1Cé 40538 K A ]
R20 100k 1% Ic7 40298 5K1,2 g:ﬂ;tumum s (lone , one
R24,27 7k 2% Iy 40138 ack)
R26 1k8 IC10 40518 PCBs (see Buylines); 3'% digit LCD display; IC
| R24.27 27k 2% IcNn 40498 sockets; display socket (if required); PP9 bat-
- IC12 40128 tery and connectors; PP battery and connec-
Potentiometer IC13 40118 tors; mounting hardware; case (Vero 220 1 |
I PR1 47k miniature horizontal preset 1IC14 40078 156 mm sloping front box, order no. 652523F). I
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BIRTHDAY COMPETITION

WIN £50s WORTH

There's no doubt that no matter
how clever the project you've
built is, your friends and family
are not going to be impressed
with it if you display it in a card-
board box or the proverbial
tobacco tins. What's more, the
feeling of satisfaction you get
from project-buliding can be
that much greater if you end up
with something that looks as good
as commercial equipment.

One of the companies with the
largest range of cases is Vero

OF VEROBOXES!

answered these three questions
correctly.

(1) How many boxes in the
plle on the left? (There are no
concealed box tops).

{2) How many of this month’s
projects are housed in Veroboxes?
{3) Is the Vero ‘G’ range of
cases made from plastic or metal?

Answers on the form on page
133 please, together with your
name and address, to reach us
before April 30th, 1982,

industries. They've given

us a collection of their cases
worth £50, and we're going to
give them 10 one of you — but
the lucky recipient has 1o have

RULES
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L.B. ELECTRONICS

11 HERCIES ROAD, HILLINGDON, MIDDLESEX UB10 9LS

TEL: UXBRIDGE 55399
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FEATURE

TECH TIPS

Frequency-To-Phase
Controlled Power

Supply

Dilbay Singh (B.Tech), Crawley

T he circuit shown in thediagram was in-
itially designed to obtain a phase-
controlled power supply to use witha %
horsepower stepping motor. The phase

angle can be varied over the complete
gl

cycle period and is dependent on the fre-
quency of the input. Clearly the circuit
can be used to control resistive loads
such as lamps or motors.

The first stage of the circuit consists
of a frequency4o-voltage converter. C1,
R1, and Q1 effectively differentiate and
amplify the input signal waveform to
provide triggering pulses for the 555
timer, which is used in the monostable
mode. The output of the monostable is
used to charge C3 by a constant amount
of charge every time a pulse is received

at the base of Q2. The voltage across C3
acts as an input to the common collector
stage formed by Q3. The voltage across
C3 is DCshifted by means of the zener
diode ZD2 to a suitable value, providing
the input to the trigger IC (the Mullard
TCA280A). The TCA280A provides the
phase control signal for the gate of the
thyristor.

A triac may be used in place of the
thyristor, if phasecontrolled AC is re-
quired.

The component values shown are
suitable for providing phase control us-
ing frequencies in the range 200 Hz-
8 kHz on the control input. The firing
angle can be varied from 0° at 8 kHz to
170° at 200 Hz.

82V RMS AC

FREQUENCY TO VOLTAGE CONVERTER STAGE
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Fully Debounced
Keyboard

Graham Kyte, Bexleyheath

T his circuit produces a debounced out-
put whenever a key is pressed. Each
matrix point is scanned in turn and the
output of the 4052 data distributor goes
highwhen a pressed key is detected. This
stops the scanning oscillator (555) for
about 10mS and a‘key pressed’ output is
produced, thus enabling the BCD output
to be stored in a latch or otherwise made
use of The use of CMOS ICs enables cur-
rent consumption to be minimised, mak-
ing the circuit suitable for operation in a
car. The circuit is easily modified for a
larger number of keys by using an eight-
way data distributor (with relevent
counter made from three JK flip-flops
rather than the two as used here).
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Remote Camera

Release
Geoffrey Ammon, Welling

When taking photographs from a
distance, a pneumatic remote release is
normally used. These will only work over
a limited distance and it is not always
possible to tell if the camera has
operated. This simple circuit uses a low
current trigger circuit to operate the
camera and provides a visible indication
that the camera or flashgun has worked
correctly.

The circuit operation is as follows.
When the remote release push-button
PB1 is operated, a current flows via the
extension lead, which may be a 100
metres or more in length, to switch tran-
sistors Q3 and Q4. This combination pro-
vides the load current of up to 2 A for the
camera release solenoid. When the
flashgun fires, light falling on the CdS cell

causes a current pulse to appear at the
base of Q1. When Q1 switches on it will
discharge C2, extending the pulse dura-
tion to about one second. While C2 is
charging Q2 will be turned on, causing a
large enough current to flow in the exten-
sion lead to operate LED1. If aflashgun is

Q115 BC107
Q215 BCYT2

Q3 1S 2N3868

04 15 2N 3055
LED1 IS ANY LED

R8s
ATOR

not used, the camera flash contacts
(SW1) may be connected to bypass the
CdS cell and remotely operate the in-
dicator LED1.

R
0

*18v

wr
.‘.
4
PR He 0 6 A AR 3 =
I Ry 1
I L- . w K IES 741
Pl 22 = 162 15 L3914
()] 01,2 ARE INO4
500uA

FSOD 2

L 4 ov

Cheap PET Cassette

D.). Cocker, Portsmouth

In view of the price of the Com-
modore cassette unit, the following
adaptation may be of interest. i have
been using this arrangement for some
time and have experienced very few
problems. In order to signal the PET
when the PLAY key has been pressed,
a switch mus be incorporated into the
cassette key assembly -a small
microswitch is ideal. This is an im-
provement on the Commodore unit,

PET CASSETTE

in which any key activates the switch,
leading to confusion and ambiguity
The ‘signal present LED Is very useful
in locating the start and end of the
data tape. The cassette recorder is
supplied with power from the PET,
batteries only being required for fast
forward and rewind functions — a
switch should be fitted to facilitate
this. When the PLAY key is depressed,
the PET has control of the tape
motor. It may be found necessary to
disable any tone control circuitry or
AGC which may be fitted in the
cassette recorder. Any suitable TTL
Schmitt gate may be used as {C1

EDGE CONNECTOR
{TOP ViEW) |

INTERFACE ACB

| CASSETTE RECORDER

SWITCH SENSE 4
i ] ouTPUT ! ]
¢ . ¥ wIC|
| v
—— cc PLAY SWITCH
e e |
3 Mo
—y L= 4ol ._4].,_.__q
¢ )
. TN EAR AMPLIFIER
3 [ — il
- 1508 S = 4
3% | 10n
—?;r LA 23 MOTQR
TR L. 3 a0
e —— = = T Al
Bt 1 /e S’
SWITCHED 9V /71
FROM PEY / o BATTERY ~VE|
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Room Thermometer
J. P. Macauiay, Crawiey

"With the advent of the LM3911
temperature controller IC the task of
measuring temperature has become sim-
ple in the extreme. The internal circuitry
of this device comprises a temperature
sensing element, an op-amp and a stable
reference voltage. The device gives, in its
simplest form, a stable 10 mV change in
output for every 1° change in
temperature over the range —25 to
85°C. For the application of room ther-
mometer it is only necessary to utilise
part of this range from, say, 0° — 50°C.
The circuit to be described measures this
range.

The figure shows the complete cir-
cuit of the thermometer. The meter, a
500 uA FSD type, is connected between
the output and inverting input of the in-
ternal op-amp. Resistor R1 connects the
inverting input to the output of the 741
op-amp. This is used with100% AC and
DC feedback to form a unity gain
voltage follower with a current output
capacity of several milliamps. The input
of the 741 is connected to the slider of
PR1 which in turn is connected across
the stable supply voltage produced by
the {C. D1 and D2 protect the meter from
overrange temperatures and thus pro-
tect its delicate movement from harm.

Once-completed, a calibration can
be made with a room thermometer of
known accuracy. Simply leave the
equipment in the.-room for 10 minutes or
so for its own temperature to stabilise
and then adjust PR1 until both therm-
ometers read the same; the calibration is
now complete.
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Enlarger Timer
C. E. Basson, South Africa

T he circuit of the enlarger timer can
time periods from 0 t0'99.9 seconds in 0.1
secondsteps. PR1,C1,R1, IC1a,b form an
oscillator that feeds a 10 Hz signal to the
first 4017 counter stage. Either the ‘carry
out’ or ‘0 outputs of IC2 and IC3 can be
used to feed the next stage, as the fre-
quencies are the same and the positive-
going edges of the pulses appear at the
same time. Outputs ‘0’ to 'Y go high in
sequence as the puises are received at
the‘clock in’. The desired time is selected
by SW2, SW3 and SW4.

Q1 is used as an inverter and with
the NAND gate it performs the same
function as an AND gate. As soon as the
desired time is reached, all the inputs on
the gate will be high and this will trigger
SCR1. The relay will be turned on and
switch off the enlarger lamp. The lamp
will remain off until the circuit is reset.

The circuit can be resetted by clos-
ing SW1a and opening SW1b and SWic.
SWiawill reset the 40175 and keep them
in the reset condition. SW1b will remove
the current from SCR1 to reset it. SWic
prevents the light from going on when in
the reset condition. When SW1 is
switched back to normal, the light will go
on and remain on for the desired time.

F
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Comprehensive
CMOS Logic Gate
Test Rig

David lan, Surrey

This simple test rig will check out all
possible functions of any type of dual in-
put CMOS logic gate allowing, for exam-
ple, a faulty gate to be pinpointed so that
the rest of the IC may still be used.

Each gate is provided with a green
LED to indicate a high output and a red
LED to show a low output.

Use a 14-pin holder for the IC and
orientate the LEDs to relate to their ap-
propriate gate.

SW1 connects power and a logic 1
to all inputs: press A to put a 0 onto one
input of each gate; B puts 0 onto the
other inputs; A and B togther force all in-
puts low.

A milliammeter in series witha 9V
supply should only indicate the current
drawn by the LEDs, ie about 7 mA per
LED. An appreciably higher reading in-
dicates a completely faulty IC.
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T
ASSOCIATES
NAMAL COMPUTERS
We stock computers and accept Sinclair ZX
No. 1 CLAYGATE ROAD, CAMBRIDGE CB14JZ 81 in part exchange. Minimum of £20.00 is
Tel. 0223 248257 TLX 817445 offered for your ZX8t in part exchange for a
VIC 20 or Arcom colour Computers.
Computer 5 »" Vohage Regu NEW
200 5 (mes . m Domestic cassette INTERFACE for VIC 20
; 2 Riwv. % ONLYE£17.00
2 n | e, @ Simply connects your VIC 20 to any Cassette
- FREY % player. A bargain at half the usual price.
HE »aE m
1k 2 | o NEW
’ D | | 1o 2m  VIC 20 Memory expansion Packs
® - B Y £21.00
i 2| » B VRN PEBAM ... ieisrunanannns £58.70
: Dim @ (%o 18 (Expandable to 16K)
- » o (ewoms 10 | IBKRAM .......oocvvinnninnnnnnt. £83.48
; | = Sy 13 | Simply plug into the existing expansion port of
‘l 20 [ 10 OO0 140 v'c 20.
s | 20 ~ Battery Ram backup available, Price on
™| de ® | ICSochen application.
nl BlUm @ -1
@ e | = 4 |uw - WE GUARANTEE FACTORY PRIME PARTS
' ! | e n | Hew u | In depth stocks. Competitive prices. Government and
11 R W | colleges orders weicome. Please inquire for special
> | an R L 2B | prices for quantity orders. Please add P&P £1 & VAT,
= - - B | o™ # | Minimum Order £10. Access orders weicome.

Che Linest ﬂmp[fiers deserve the Linest Kats

The Elccironics Today Sysiem A, designed DRAMATIC PRICE

y Stan Curtis comprises iwo monophonic

Class A Power Amplifiers and a modular REDUCTION!

pre-amplifier of such superlative :

with commercial products in any price slash the price of the complete system
rang (two power amps; pre-amp & power-
unit) by 30% to £386 incl VAT &

carriage.

YES a 30% Price Reduction!

But no reduction in performance.

Details and price list from:

Braithwaite xis

218, High Street, Offord Cluny,
Huntingdon, Cambs, (0480) 811659
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That’s right in this competition we’re offering
you a chance to win the fabulous Casio F X-702P
pocket BASIC computer, kindly donated for the
occasion by Tempus. The features of this computer
include:

A scrolling LCD alphanumeric dot matrix display

A memory which can be varied between 1680
program steps and 26 memories to 86 program steps
and 226 memories

Auto power off

All data and programs are retained in the memory
when the computer is switched off

Up to 10 different programs may be stored at
once

Subroutines may be nested to 10 levels

FOR/NEXT loops may be nested to eight levels

Full debugging and editing facilitles

55 built-in functions (including regression and
correlation), all of which may be used in programs

Program or data storage on tape (using an FA-2
adaptor)

All this would normally cost you £134.95
}:rcmmmended retail price) but It can be yours
REE — if you can answer one simple (!) question.
Eyes right .. ...

ET) APRIL 1942

. WINA
SIO FX-702P

First, let A$ = STR$(the product of 7K (in decimal)
and the standard audio bandwidth). We'll use this
later. Now, add the UK AC mains frequency to
yellow/violetfred and divide by the number of our
modular synth project. Divide the result into
VAL(RIGHT$(A$,4))—VAL(MID$(AS$.,5,3))/LEN(AS)
Add to this result the difference between our office
street number and the TTL prefix. Multiply by the
log (to base 10) of the sum of the diglts of a CMOS
quad EXNOR (C divided by the number of pins on
a 555. Finally, add the decimal number represented
In binary by 10111.

If you've managed all that (hint — peoplc who
know BASIC well have an advantage), write the
answer on the cntry form (page 133) with your name
and address and send it to us by April 30th 1982,
Answers 10 six decimal places, please.
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PROJECT

SOUND EFFECTS 2:
STEAM TRAIN

Railway modellers looking for something special to improve their
layout need look no further. Our second sound effect project simulates
a steam train and whistle. Design by Phil Wait.

ahh, the nostalgia! If you're
A young at heart, old in years, or

both, then this is for you — a
steam train (chuff-chuff) and whistle
The electronic construction details are
ghven on page 50 in the bomb drop
project; but tor that authentic touch,
deft constructors can also fashion a
cow-catcher out of tinned copper wire
to attach to the unitt

The chuff-chuff runs continuously

once power is applied and the whistle
sounds when the push-button is
pressed. The VCO is used to provide

»
the whistle while the SLF modulates St O
the noise generatorffilter output to >
produce the steam train’s chuff-chuff n
sound. The chuff<chuff rate may be 2
varied by changing the values of R1
and C1, while the chuff-chuff sound
may be varied by changing the values
of R2 and C2. For a special effect, you
can control the chuff-chuff rate + -
manually by replacing R1 with a TM0 9 VBATTERY
potentiometer. $1  Fig. 2 Component overlay. For
Buylines, see page 51.
&
o l_a l : &Lu - 214
s rm ; 200
. » 4 » l"‘ - {“ Y BATTERY
b4 .
wCO OR - e EE—— “l" L
o B | [ s
§ k) I
o~ . T —
s "
o ]
g T
e . %,
n = - 13 ak
A
pio I i:’@“‘ﬂ SPEAKER
l’\
-0 O =
1)
WHISTLE

Fig. 1 Circult diagram of the Steam Train and Whistle unit.
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——HOW IT WORKS —

1
In this unit the Noise Generalor/Filter is|
employed to produce the basic ‘steam
engine’ sound, this being modulated by the
SLF to produce the ‘chufi-chuff’ so
characteristic of steam locomotives. The
whistle is produced by the VCO, whichis sel
to a particular non-varying pitch, and the|
oulput is switched into the audlo input pin
to produce the whistle.

The broadband noise from the Noise|
Generator is modified by the Noise Fllter,
the frequency characteristics being|
determined by RS and C3 connected to the
Noise Filter Conlroi pins (5 and 6). The
Noise Filter Qutput is fed via the Mixer .mdl
the Envelope Generator (which doesn’t
function here) to the audio output stages.|
The SLF square wave output effectively
modulates the noise to produce a noise
burst followed by a silent period, then
another noise burst. Thus the chuff-chuff
sound is produced. This sound is
continuous whilst power is applied to the
unit.

A resistive divider, R3/R4, provides
about 1V8 at the VCO frequency lo a
convenient pitch within its range, providing
a suitable pitch for the whistle. The VCO
oulput Is coupled to the audio input (pin 10}
via C4 and the push-button, PB1. When PB1
Is pressed, the whistle is heard over the
chulf-chuif sound.

The SLF frequency is determined by
€1 and R1, while the combination of R2/C2
and the voltage on pin 15 determines the
VCO (requency. Qutput to the loudspeaker
Is coupled via C5, a 100ufF electrolytic
capacitor.

PARTS LIST
Resistors {all YaW, 59%)
R1 330k
R2 470k
R3 Sok
R4 100k
RS 1ko
Capacilors
1 100 16 V tantalum
C2,3 470p ceramic
C4 10n ceramic
Cs5 100u 16 V PCB electrolytic

Semiconductors
Ic1 SN76488 (see Buylines)

Miscellanous

PB1 SPST push-button switch
PCB (see Buylines); 50 mm diameler 8 ohm
speaker; PP3 battery and clip. J
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Having trouble containing yoursclf?
Then why not
BOX CLEVER

with one of our
STANDARD or CUSTOMISED

BIMENCLOSURES

Instrument Cases
Smalil ABS Desk Consoles
Low Profile Keyboard Consoles
Easy Access Hinged Lid Consoles
Diecast and ABS Multi-Purpose Boxes
All Metal or Genuine Wood Panelled Consoles

i parem
BIMBOXES b s T
BIMCONSOLES

FOR PROFESSIONAL QUALITY
AT REALISTIC PRICES

BOSS L. s

EN APRIL 1982




E.T.l. 10TH ANNIVERSARY ISSUE

SPECIAL OFFER
10% OFF ANY ORDER OVER £10
—I"'? J;\ b-r‘lﬂm \ a—m-—m

" moe
(1]

USE ROADRUNNER PRODUCTS FOR
VERSATILITY, ECONOMY AND
PROFESSIONAL RESULTS

TAKE ADVANTAGE OF THIS E.T.I. 10TH
ANNIVERSARY OFFER AND ORDER NOW!

WHEN ORDERING ASK FOR THE NEW
ROADRUNNER CATALOGUE FREE!

VISIT THE ROADRUNNER STAND 384
HALL B UPPER AT TME ALL ELECTRONICS SHOW,
THE BARBICAN, CITY OF LONDON, APRIL 20-22.
FREE TICKET
SUPPLIED WITH EACH ORDER
Il Il Gl OIS GEE e

A0D $% TO NEY OROER VAL ME YO (OVER (AMMAGR AnD FaCEAGRE) Tugi A00 19N VAl
I Peee neply equesied Geme

{ enclose cheque/P.O. for £

or debit my Barclay Card/Access No I
I Signature I

Name (Please pnnt

Address

MASTE ML WASLEMERE BURREY QUIT JAY O30 K20

;m-unmmmmml
N G Il N N

120

T

ELECTRO SUPPLIES

FLOPPY DISC DRIVES
Drico 7200 Dble, Sided 8° Drives {New)

P.&P. {4 {200
Nationsl Dis¢ Drive Boerd BLC 120

{New) P.&P. {1 £160
Nationsl CPU Board BCL 8010 (New)

usgs BOBDA CPU P.&P. Y £120

15° VDU Migh Resolution Green Phosphor (New)
30 VAC/TTL Sync. I/PP.&GP. (B 50

These Units are in Open Chasele Form

FARNELL POWER SUPPLIES (ALL NEW)

G6-10S (BV 10A Switched Mode) £60
FTI5/1 (18-0-18V 1A) £38
G24-14M (24V 1 4A Switched Mode) 40

€sch tem P.BOP. 2
ALL ITEMS INCLUSIVE OF VAT,

MAIL ORDER DEPY I:METML‘::OS;’
(Callors pisase phone first) 6A TODD ST
BOWNESS MILL, SHAWCLOUGH RD, MANCHESTER
WATERFOOT, ROSSENDALE. LANCS ingut 10 Victore Swmi
TEL ROSENDALE 215588 TEL: 081 834 1188
- —
ane — an
ulilepAcd
/
The Explorers Guide to the ZX81 ’Vé‘w\

IF YOU'VE GOT A D81 THEN YOU STED THIS BOOK !

Progrems for 1K RAM, and programs for 16K RAM,
Gemes, Business and Bngineering Applicatioms,
A § 10 Circults. ROM Routines. Wints & Tips,

And WMuch Much More, for oaly .......... [ a9

Mastering Machine Code on your IXB80/81

This 100 pege book by Tony Baker i3 fdeal for those
who want to euplore the full potemtisl of their IX,
Whether you kasw nothing at all sbout machine code,
or whether you sre an experienced 80 programmer,

this i definitely the book for you. 15,98

[ ]
Getting Acquainted with your ZX8]

This book by Tim Martnell s designed to get yout
IX8! up and runaing worthwhile, interesting, prog-
rans from the very first day. f a9

The IXBO Magic Book “wrmi sk 2o/ SUPPLEDENT®
Games programs, computer music, ¢oaverting programs
written in other MSICs, iaproving the picture, RAM

fa. 78
} EAY " £3.5
} WA PLATED PLUG RETENSION (3,50
= B as an it TN
i} VISA
| Py e— Paymsnt with order _!
TIMEDATA Ltd. 57 Swallowdale , Basildon ,Essex
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PROJECT

GUITAR PRACTICE

AMPLIFIER

Simple construction, low cost, good performance and super neighbour
relations are the features of this project! Design and development by

David Tilbrook.

enable guitarists to put in long

hours of practice and still keep
that high power amp in the cupboard,
where it belongst It is a compact amp
capable of about 7 W into a 4 ohm
load. This is enough power for practice
purposes and just think of the greatly
improved relations you will bave with
your neighbours.

We were in a considerable
quandary as to how to present the
project, whether it should be done as a
complete practice unit with inbuilt
speaker or simply as an amplifier to be
connected to an external speaker.
Finally we chose a compromise. The
PCB has been designed in such a way
that it can be used as a totally self-
contained unit. The heatsinks for the
output stage have been mounted on
the PCB so that the only components
separate to the board are the power
transformer, 240 volt power switch
controls, input and output jacks. We
have shown the project mounted in its
own box with power transformer but it
should be a simple matter to construct
the whole unit inside a small
loudspeaker cabinet

ETI APRIL 1982

This project has been designed to

The unit has two inputs so that
two guitars can be mixed together
using the relative settings of the two
input level controls. A preamp output
enables your main high power amp to
be driven from the guitar practice amp
using the practice amp as foldback

We provided the PCB with the
necessary circuitry for a battery input
but you might elect not to use this
feature. If so diode D8 and the battery
switch can be omitted with points ‘A
i!nl((i 'C’ connected together by a wire
ink.

Construction

Construction of the project is
reasonably simple since it is almost
entirely devoted to construction of the
PCB. Start as always by mounting the
resistors and non-polarised capacitors.
Mount the tantalum and electrolytic
capacitors next, being careful to orient
them correctly. These components
could be irreparably damaged if
inserted the wrong Way around. Mount
the LM301 IC, transistors and diodes,
again being careful to insert these the
correct way round.

Finally the output devices can be
mounted. Although the transistors are
in TO220 packages, our PCB is laid out
to accept heatsinks drilled for TO3
transistors. The overlay and photograph
should make the construction method
clear. Cut the centre {collector) lead
off. This lead is connected to the case
of the transistor internally, so in this
case, electrical connection is made
through the mounting screw that also
serves to hold the heatsink in place.
Place the heatsinks on the PCB and
secure with the lower nut and bolt {not
used to mount the transistors). There is
only one right way round. Bend the
leads of the output transistors and,
using a small amount of thermal
compound, mount the transistors with
the leads protruding through the PCB.

Secure each transistor with a nut
and boit through both the transistor
‘flag’ and heatsink. Use a star washer
between the head of the bolt and the
copper pad on the PCB to ensure good
electrical contact. Now the base and
emitter leads can be soldered to their
pads.

The prototype unit was ’
constructed in a steel box measuring
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Fig.
Practice Amplifier, The amp may be powered
by an external battery or from the mains,
using the circuit on the right.

1 Circuit diagram of the ETI Guitar

__HOW IT WORKS
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approximately 250 x 210 x 80 mm.

The two inpul stages formed around Q1 and
Q2 are identical. Resistors R1, R2 and R4 form
a very stable biasing configuration around Q1.
The gain of this type of circuit is determined
by the values of R3 and R4 {specifically, the
gain is RI/RY). The load impedance onthe out
put of the Input stages is in parallel with R3,
effectively decreasing the total value of im-
pedance from collector to ground. Remember
that, as far as slgnal is concerned, the positive
supply rall is a short circuit to ground, since it
is connected to ground through C17, a 2200uF
capacitor. When all these factors are taken
into account the gain of the first stage is
about 10 since the impedance from collec-
tor (0 ground is about 4k7.

The signal, which should now be around
200 mV, is then applied to the input of the se-
cond stage through potentiometers RV1 and
RV The 22k resistors R9 and R10 prevent the
output of one of the stages being shorted to
ground when the other is turned right down.

The second stage works in exactly the
same manner as the input stages, resistors R11,
R12 and R14 forming the bias network for Q3.
The voltage present on the collector of Q3 is
around 9 V which is approzimately half the
supply voltage. This is used to bias Q4 which is
an emitter follower. This type of amplifier has
no voltage gain but provides a low outpul im-
pedance to drive the preamp output socket.
Q3 has a gain of approzimately 10. tf the
volume contiols RVY and RV2 are used in
thelr middle positions, the voltage out will be
around one tenth of the voltage at their inputs
since these are logarithmic pots. So, the signal
voltages into Q3 should be in the order of
20 mV. This will be amplified to a level of
200 mV and applied to the input of the power
amp. The power amp has been designed lo
deliver full power with an input voltage of
300 mV, so the amp should be easily dilven to

full output with usable settings.

Since this Is a guitar amplifier, it will
spend most of its life hard Into clipping. The
output stage had 1o be robust! The basis of the
output stage is the LM 301 op-amp. This device
gives all of the voltage gain in the power amp.
The output 1IC1 is fed through a voltage
follower Q5. This has no voltage gain and, like
Q4. serves to decrease the impedance feeding
the output stage. The three diodes, D1,D2 and
D3, maintain 1V8 between the bases of Qb
and Q7. Each of these transistors will drop
approximately 0Vbacross their base-emitter
junctions. This leaves a total of 0V 6 to be drop-
ped by the two 33IR resistors, R24 and R25.
Since these are of equal value they will each
drop 0V3 and hold this voltage across the
base-emitter junctions of the two output tran-
sistors QB and Q9. As these transistors require
OV to turn on they will remain off until the
applled signal voltage causes the yoltages on
their bases to nise above 0V6. The extra 0V3
needed to turn on the output devices will be
supplied by a mere 10 mA of current through
the 33R resistors. Resistor R22 forms a feed
back loop around the entire output stage to
decrease distortion, stabilise the DC output
voltage and set the overall gain of the power
stage (a process too difficult to go into here).

The op-amp will at all times attempt to
make the DC voltage at the output equal to
that voltage set up on its positive input. This
voltage Is determined by the potential divider
formed by R18, R19 and R20. Since this Is also
the main inpul to the power amp any noise
which might be on the positive supply rail{and
supplies can get very nolsy sometimes!) willbe
communicated directly to the input of the
power amp, only to be amplified and applied
to the loudspeaker. Capacitor C12 prevents
this from happening by bypassing to ground
any noise above a frequency of around 0.1 Hz.

Mount the pots and switches on the
front panel, using the pot and switch
nuts to secure the front escutcheon if
you have one. Mount the output and
battery input sockets on the rear panel.
If you are using a battery input socket
use something different to the output
socket (which is usually a two-pin DIN
socket or 2 6.5 mm jack socket) to
avoid confusion.

Mount the power transformer and
make the 240 V connections. The
mains lead should be terminated
immediately inside the case into a
terminal block and the earth lead
secured firmly to the chassis by a
solder lug bolted to the case using a
star washer. This lead must be the
longest. A length of 240 V cable should
be used between the terminal block
and the power switch. Wire the
transformer to the power switch as
shown in the circuit diagram, then wrap
the whole switch with insulation tape
or enclose in large diameter heat-shrink
tubing so that no 240 V connection is
exposed.

Finally, the fullyloaded PCB can
be secured into the case using short
metal spacers. If Veropins are used, all
the connections to the board can be
made after the board has been
mounted. Connect the front panel
controls, rear panel sockets and input
sockets, using short lengths of shielded
cable to make the connections to the

two inputs and preamp output.
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PROJECT : Guitar Practice Amp
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POWER BATT/MAINS
Fig. 2 Component overlay for the ampilfier. a2 T
The original design used a BC639/BC640
complementary pair for Q6 and Q7, and
these are shown on the overlay, but they PA RTS l.l ST
may prove hard to obtain, Consequently
the PCB we wlll be supplylng is laid out for
a BC140/BC160 pair, which have different Resistors (all YW, 5%) C16 1000u 25 V PCB electrolytic
pad layouts — the b,c and ¢ pads are etched R1,5.11 390k 17 2200u 25 V PCB electrolytic
onto the board for your guidance. R26,12,20 47k
R3,7 6k8
N R4.8,14,17 470R Semiconductors
Powering Up il i1 IM300
Make a final check of the wiring R151621 242 8;4 E;;; - :83:
and PCB. If all is well, apply power. A R18 3% Q6 BC140
slight turn-on thump should be heard at :g e Q7 BC160
the moment of turn-on. If the ‘Input 1° R24,25 3R Qs ) 4
volume control is now wound up, some 8',’., 1‘:«;124
hiss should be heard from the D48 IN4004

loudspeaker. Do the same check on Potentiometers

the other input. There is no set-up RV12 22k logarithmic
procedure since the power amp stage is
operating in class B and requires no Capaditors
bias adjustment. €1,2567 10035V tantalum
C1,48,15 100p disc ceramic
9 150 16 V tantalum
— BUYLINES — 210 470u 25 V PCB electrolvtic
. ] N blai = 11,13 2u2 35 V tantalum
Lot Gf skop stumcied ey miint: coi w2 47025V PCB electrolytic

ponents in this project, so you shouldn’t
encounter any problems with supply. The
PCB will be available fro our PCB Service at
the price listed on page 44.

C14 10p disc ceramic

Miscellaneous

SK1-4 mono jack sockets

Sk5 DIN socket [or other type -
see teat)

SWi1 DPDT toggle switch (mains
rated)

SW2 DPST toggle switch

Teansformer {120-12:0, 20 VA), TO3 type PCB-
maounting heatsinks; PCB {see Buylines); case
to suit; mounting hardware.

ETI APRIL 1982
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FOR A SOUND \prrearring
DIAGNOSIS... &

ELECTRONIC KIT FOR
ﬁz LESS THAN £20 >

\ SUITABLE

4

§
SUPERKIT
| B FOR
! BEGINNERS
o ! n  the womders pight

COMPUTER POCCRAMMING I8 BASKC
DIGITAL COMPUTER LOGIC ASD ELICTBONICY 50
DESICH OF DIGITAL SYSTEMS

r;E/CIean-n-Check .............................. >

“Because good sound.. soundss pood!”

G IR D GED (NN (IR BN GER GED GED GEB GNP &
TO: TECHNOLOGY RESOURCES LTD

4

! I

: I

|

' #8.90. GRAYS INN ROAD, LONDON, WC1X BAA I | [

i CLEANN CHECK pacts || : :
. pfeo). Tots >

L I : |

| 1| |

i} I |

y ] ! l

! |

j 1% i

! 1 |

B e e i e il 1 e e Bt v e i i i J
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r----------------

SUBSCRIPTION ORDER
FORM

Cant out and SEND TO :
Bectronas Today nternational,
513, LONDON ROAD,
THORNTON HEATH,

SURREY,
ENGLAND.
Plesse commence my personal subscnption to Electronecs Todey
ntemational with the e
SUBSCRIPTION I am g Wy (delete 28 necessan )
RATES - e Posial tonal Moy
(ich L) o0 appeapstasy) Order tor
o

1195 bor 12 bumone m [ 1 L — \

VE b
69573 for 12 damesen - made Mﬁ:;.b ASP. Lad) L g ‘

3473 bor 12 imwee Debit my AccoawBarclovcard® o e .
Ade Mol (“dedete as necemary) i I e———

The magazine you hold in your hand is the
i seller in the UK electronics field.
Why risk your newsagent running outl
Take out a subscription using the form

provided, and make sure of getting the next

12 issues. Dor't you deserve not to miss out

on the best?

Please uve BLOCK CAPITALS ared inchade poe! codes

{1
I

NICKEL CADMIUM BATTERIES ve SiTTTY NN -
ol T T T T ’
ne BR KB N8 48 agn onr —
[ [LXl R & 34 -
L) L X" ] [AF: [4F 1] [4F 1) 1 47 Rl < - HARD
CnaRnagng FunO’-m"lu-Mt‘-u-uqmu P —
- cc:;-‘ _I-&"rn- w0 -=U:~uu-—~.ﬂ=_: e Ol Y CHDED - & e
SINGLE O/P CHARGER £8.04 | | | —
DUAL /P CHARGER 08.72 s U0 47 e e B
| reansronmens 5 guet & egen § ¢ 15 80 O ow sienderve J40v gremgny tag - e S e
temngeenre £V 87 geen . i — i g - mil‘l
I T Chesees P O Mot O = .
O o¢ opy imww s wa | SOLID STATE SECURITY, |
= 3 .:...‘,o el q'g-.:og | Dept. (ETY) Brsasrew Lane. Canmace a0 racam .‘mm""' WA 2400 BUY BB UG
po- g wss O Porbotd Wigan_ Lance a SICRINPAN RENT B0 Y0P -~
f&ﬁtﬁnﬁ - Tetephone 02876-3018, mx 01-778 3600 ‘.I'.—_...‘ Y ARS

Here’s the case...now what’s the

It you're 8DOUL 10 start On & New project, you're N doud! lookng
for the right enclosure. With around 1.000 cifferent cases and
250,000 case parts currentty N s10Ck, we Mus! be your number one
Choice Why not send lor oyr catalogue, price £1 inciuding PP

project?

(~ Month Project Case
Apri 1981 Drum Synthasing B8OC A68
Juns 1981 Antenns Extender BOA 118§
Judy 1981 Super Dice B80C 460G
Septernber 1981  LAB PSU SWF 22X
November 1981  Mumsc Processor CL2ADY
Vosce-over Unit ACE 150K
Decomber 1987 TV Sound Tuner CL2 AEL i
Cormponant Tester MiN 030 r
1 + MIN 0O0W
February 1987 1 Ching Computer BOC 700
\_Aprl 1582 Water Hester Controber  BOC 480 ) Writton Or IelepMORe Oroers ECCODIRd Hom ACCOS3 ond Barcieycard hotders

ET1 APAIL 1902 125



The MICRO-
PROFESSOR ...

| MICRO-PROFESSOR |

MICRO-PROFESSOR s a the complete hardware/software  Process controller
low-cost Z80 based microcomputer  system, you have the User's Electronic game
whiCh provides you with an expenment manual available to Electronic music box
interesting and inexpensive way to  you. It includes self-learning text Master mind

et into the microprocessor world.  with 20 expenments whichrange  Timer

ICRO-PROFESSOR s a trom simple software programming Noise generator
MICroprocessor kearning tool tor 10 design a compiex electronic Home appliance control
students, hobbyists and personnel. game. Burglar alarm
It 1s also an Kdeal MICroprocessor 2K bytes of monitor source System control simulation
educational tool for teaching in program with documentation is also ... and many more

schools and universibes. Besides.  provided in the manual. t shows
MICRO-PROFESSOR 1s more how (0 wrile system programs
than a learming tool. It provides a including system inmalization,
wide range of apphcations such keyboard scan. display scan, tape

Low Price, High Capability
experimental tool for only

that you will be surprised at its write and tape read
amazing power APPLICATIONS

The main object of MICRO- Learning and teaching tool
PROFESSOR is for the user 1o Low cost prototyping tool .
understand the software and Low cost development tool POWER SUPPLY +pé&p
hardware of a microcomputer Tester A 9V, 0.5A Adaptor 1s provided.
easily and conveniently. Besides MICRO-PROFESSOR I8 8 trade mar of

Muttitech industrial Corporetion
126 ETI APRIL 13902



solvesthe' mystery’

of micro-processors.

TECHNICAL SPECIFICATION

CPU 280 CPU high pertormance microprocessor with 158 instructions
SOFTWARE COMPATIBILITY  Capabie of executing Z80/8080/8085 machine language program
RAM 2K byles expandable 10 4K bytes

ROM 2K byles of sophusticated monitor expandabie to 8K bytes.
INPUT/OUTPUT 24 syslem 170 lines

MONITOR 2K bytes of soptusticated monitor It scans the keyboard and execules

the command entered immediately after the power s turned on
The monitor includes: system nitialization. keyboard scan, display
scan tape wnte and tape read

DISPLAY 6 digit 0.5 red LED display
AUDIO CASSETTE INTERFACE 165 bit per second average rate for data transfer between memory and
cassette tape

EXTENSION CONNECTORS Provides all buses of CPU, channel signais of CTC and 1/0 port bus of
PIO for user's expansion

COUNTER TIMER CIRCUITS Socket is provided. 280 -CTC IC extra

PARALLEL IO CIRCUITS Socket 1s provided. Z80-P10 IC extra

SPEAKER AND SPEAKER A 2.25" - diameter speaker is provided for user's applications
DRIVER CIRCUITS

USER AREA Provides a 3.5 x 1.36” wire wrapping area for user's expansion
POWER REQUIREMENT Single +5Vv DC.

USER'S AND EXPERIMENT Complete self-iearning text with experiments and appfications
MANUAL

OPTIONS (Prices on application) Z80-CTC EPROM programmer board Prototyping board
Z80 - PIO Speech synthesiser board Audio Cassette 2K Ram

KEYBOARD 36 keys including 19 tunction keys, 16 hex-digit keys and 1 user
defined key

Use the unique MICRO-PROFESSOR to truely understand the inside workings of microprocessors.
Open up a whole new spectrum of projects in home electronics. or simply use the MICRO-
PROFESSOR as a practical learning/teaching aid.

To receive your MICRO-PROFESSOR Complete the coupon today!
Please send me MICRO-PROFESSOR(S)

| enclose cheque/P.O. for € (+ £295p&p)
Name

Address.

Please aliow 21 days for delivery
}:Iight Electronics Ltd. Flight House, Quayside Road,

s~-cecemcmcanccenaqg

Bitterne Manor, Southampton, Hants SO2 4AD.
Tel: (0703) 34003/31323

Flight Electronics Ltd.
ETI APRIL 1982 w
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The new MC88E represents a breakthrough in high Dhe & omy o o axlEZol o Mgzl
output moving coil cartridges. No step-up device — — |
or amp is required and it is available at a sensation- | | :‘:“‘"'*"'“:"""“ |
. . A > (81 2MRAN 80 MOp AP [1H
al price of only £29.95. ye( generating high magnet- NS A Y O :z;’g“ e
a N R [+ 1
The high output voltage of ic flux density; compliance Dans 0N wew Gp wem® Jz2l 2
2.5mV does away with the of 17 cu’s. The result is a DUIE R mCruo (B9 aead (5T £
need for a head amplifie_r or cartridge with flat frequency MG T P T
step-up transformer, which response over the super wide MLS~=8 - " a;‘nw * §
. W M * [y} % Mp N &
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EX s'roc Ki Kit keyboard £20.75

Buiit keyboard £28.75

Case for keyboard €10.30

Budt keyboard in case . £36.15

m_ 16 bit LED board (kit) £9.50

- s e 24 line in/out pon £16.95

- " om | i €18.96

- 1) ) 3 channel music bd £16.95

‘ q - - K | £18.95

- - ’ v Mothertroard with 2 conrac;.o;ss

- R -, L] buih £18.50

" \ 23 way edge connector . £2.96

- 23 way male connector . £1.30

2 Y co = )
BOOKS

Getting acquainted with your 2XB1 £4.95
Mastering machine code (ZX80 or 81) £8.95
Programming tor real applications £6 95
Tape fot above £11.44

REDDITCH ELECTRONICS

DEPTETI,

21 FERNEY HILL AVE..
REDDITCH,
WORCESTERSHIRE.
B97 4RU

Prices included Postage and VAT
{Overseas add £1.80)
SAE for free illustrated catalogue

ELLS & HOUSINGS-CAR ALARM-CARAVAN ALARM .CONTACTS)
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TO COST VERY MUCH!

Q
-
B

QUALITY DOES NOT HAVE

lUDlX Hl FI - SPECIAL PURCHASES

“\ TV SOUND FROM YOUR Hi-FI (MK IIII

£N50

e

PIEZ0 TWEETERS

‘Fawd showaafion drive (M 0]
2 [, )

— e
e o Iy 2 et wees & SR e
iy @ & B ok twn o w | )
oR me
hl maé

//- HILSTON CLOM, LINTON, |
Oy On TN, STarsy, DU
/) OrEy BATON mwm
14 ey lﬂmhﬂ.

313-“03 MooNlm-SNms-sww J3NSSI¥I-ST1INVY 1O LNOD

-

ORDER 8Y POST OR PHONE) OR CALL IN SRy 22

WCLUSE vat

AUDIO ELECTRONICS [ % =3

301 tdgwars Rd. Landon W2 18N
Tok: 00-724 3584
Alzo st Henrys Radio 404 Edgeware Rd. W?
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Happy Memories

Part type 1 oft 259 100 uwp
4116 200ns 9% A5 65
4116 280ns 90 80 .60
2114 200ns Low power 1.20 1.10 9%
2114 460ns Low power 1.10 1.00 %
4118 250neg 15 2.9 2.65
6116 150ng CMOS 495 4.45 3.65
2708 460ns 1.96 1.86 .75
276 460ns 6 voit 25 2.8 1.98
2716 460ns three rail 6.40 6.00 4.9%
2732 450ns Intel type 4.25 398 338
2632 450ns Texas type 428 395 1%

ZB0A-CPU LA TS ZB0A P10 £4.28 IBOACTC A 28
Low profile IC sochets: Pins 8 pp. 34 10p, 16 11p 18 Vép,
20 18¢ 22 V8p. 24 Y9p. 20 28p. 40 X3p

Soft secotred floppy discs per 10 in plastic library case
8 inch SSD €17.00 8 inch SSOD €19.25 6 inch DSDD £21 00
8 inch SSD €18.25 8 inch SSDD (23 6% 8 inch DSDD (26 50

74LS seres TTL, iotge stocks 81 low praces with DIY gecounts
startng 8t @ mus of pust 25 peeces, Write or phone for et
Piease 8dd X0p post & packing 10 orders under {15 and VAT 10
totsd
Accest & Borcloycard weicome 240 sgowie on (064 422) §98
Government 8 Educatonsl orders weicome, {15 menemum
Teade sccounts opersted, phone o write for detads
Prices are stll tanding to drop. phone tor 8 quote belore you
By

Happy Memories (ETI), Gladestry, Kington,
Herefordshire HRS 3INY Tel: (054 422) 618 or 628
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MONTHLY IN
ELECTRONICS TODAY —
YOUR OWN "WHERE TO

BUY IT" GUIDE

BEDFORDSHIRE

BROADWAY ELECTRONICS

1 The Broadwey. Bedford
Tel: 0234 213639

SAINS HLECTRONICS

LOOKING FOR
COMPONENTS! HARDWARE!
CASES! TRY YOUR LOCAL

FOR YOUR BUSINESS TO
BE INCLUDED. CALL
ELECTROMART ON

2% Parnell St. Dublin 1.
Tel: Dublin 740662

LISTED STOCKIST 01-437-1002.
S waes |
u-."..E....E-- CARDGAN ELECTRONCS

Chancery Lane, Cardigan,
Tel: Cardigan (0239) 614483

WILTSHIRE

3. West Street, Fareham,
Tel: (0329) 234891

4

ETESON ELECTRONICS

158 Lower Green,
m;»ounon ‘e -Fyide. Blackpool
Teol. (OI53% 885107

camiab electronics
27 Feringdon Rd. Swindon
Tel: (0793) 34817

HERTFORDSHIRE

GODDARDS COMPONENTS
110 London Road, St. Albans,
Tel: St. Albans 64162

NOTTINGHAMSHIRE

]
DAMON electronics |

99 Carrington St. Nottingham.
Tel: 53880 (mail order aveilable)

ACE MAILTRONIX LTD.
3A Commercial Street,
Batiey. Tel: (0824) 441128

ATS

TYNE AND WEAR

FOR SERVICE AND
CONVENIENCE — USE
YOUR LOCAL DEALER!

It you would like your business details to be included in Electromart

AITKEN BROS & CO
% Migh Bridge
Newcastie Upon Tyne.
Tol: X24729

PLEASE MENTION
ELECTRONICS TODAY
WHEN USING THESE

SHOPS!

please fill in the

below coupon and post to: Electromart. Electronics Today International, 146, Charing

Cross Road, London WC2H OEE

r Please include my business details in the next availsble lssue of ELECTRONICS TODAY INTERNATIONAL: -}
I BUSINESS NAME: }
I ADDRESS |
| |
| |
: TEL. NO |
i OPENING HOURS: :
: RETAIL WHOLESALE MAIL ORDER (Ploase tick) !
| CONTACT: (FOR OFFICE USE ONLY) |
L——— pe——w X ¥ ¥ N B N =B _K_ _J - g et IS SEES GEEE G IS GEED I TEED GEE WD S D s G G e R s S o S SIS S TS S T W ——— J
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Has seven years
of success gone
to

heads?

l'.l

|MPR0VED

“MINIMAX 2

With the Minimax (|, Videotone revolutionised the market
by establishing an opening for small, high quality speakers.
Natursl evolution has b ought gbout the new Minimax 2,
retaining all the qualities of clarity and sensitivity. This
bdesl combination of size and performance is 8 proven
success, acclasmed by the press end public for seven years.
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YOU CANT BEAT
ILP BIPOLAR POWER

AMPS FOR
POWER AND PRICE
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PCB FOIL
!’ATTERNS

ET! VOLTAGE MONITOR

Above: the two folls for the double-sided
100 MHz Righ Impedance Probe PCB.

(olll

e

Above: the board for the two sound effects
projects.

3D11DV id

aQyv0d S103443 GMTOS l.l.3

Left: the board for the Guitar Practice
Amplifies. Please note the alteration to the
pad layout for Q6 and Q7.

The Computer Expansion PCBs are the
copyright of Watford Electronics and are not
reproduced here. Readers wishing to etch
their own boards should contact Watford

for the foil patterns.

L
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PCB Foil Patterns

ol

ETI REVERB.

. 2
Abave: the foil pattern for the ET| Solid State Reverb unit,

Commercial firms should note that this board is the copyright of
Digisound, and may not be reproduced for sale.

i |

Above: the board for the ET| Contrast Meter. You may use the board
as it is or cut It in two where marked, as we did.

ET! APRIL 1982

(CPB)

Microcomputers are here - teach
yourself to program! Learn BASIC,
the easiest and most widespread
language for the small computer.
60 illustrated lessons teach the
essentials of good programming:
problem definition, coding, flow-
charting, debugging and clear
documentation. And you don't
even need a computer!

£10.50inc p&p
ZX81 Supplement

When used in conjunction with the
alwve course, it enables you to
apply your knowledge to the
Sinclair ZX81 microcomputer. It
includes some amusing programs
to help get you started on the
new machine.

50 pence if purchased with CPB,
75 pence (inc p&p) if purchased
alone.

Credit card orders may be phoned
through on 0480-67446 (24 hrs).

Unit 14A Rivermill Site, FREEPOST,
St lves, Cambs PE17 4BR England
VAT No 313026022 Giro No 2789159

Overseas stomers

suafanice

Computer Programming in BASIC (CPB) £10.50

ZX81 Supplement S0p with CPB
75p alone
FREE BOOKLIST

g

Cambridge Learning

137



Box No {280
ey etens

RA
1.8 Insertions €10 00 per 8¢
§ 11 Insgruons £9.00 per acc
12 ¢ Insertions 18.00 pes scc
B per word {mun 19 words)

Claseng dote Vit 12009 @ ®emb pritindrng

1.1 inpertions
411 Insertions [5.50 per sce

12 ¢ Insertions {5.00 per scc

Mp per word imin 18 worde)
Soz No. {200

Clastng sot¢ 3nd Fduy In menth prosading
fove.—-an

Caostuott Aovarmiomers munt Be propd-d

Advertisements ate rCCepled subject 10 the 1erms and conditions printed #a the sdvertisement

rate card iaviriabile on request!

00 per scC

SEND TO:- ETI/HE CLASSIFIED, 145, CHARI_NG CROSS ROAD. LONDON §C2H OEE. TEL: 01-437 1002 Ext. 50.

==

600 RESISTORS

(3 MCLUCING VAT PP

CHEAP hard copy. Teletype X2 ASA 1%
Baud, as new, [55. Besdon 22254, around
fpm beut.

TRANSCENDANT 2000 Boxed Working
aimost new Exwes. €189 Offers. Mawsonic
MKZ. €129, Phone Brudge 01 T 1862

NEW 1982 ACE COMPONENT
CATALOGUE Lat your probiems be Ou
business Be certan, have your COM-
ponents Jebvered qusckly and efficently
and get that project work Send I0p
now for the easy 10 use 1 Caralogue
o Ace Maltronx, Dept E T !U
Commercial Street, Batiey, W. Yorks
WF17 5HJ.

MAR OR04 A FROTICTION SCHEME
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PARAPHYSICS JOURNAL (Russsn
transiations): Psychottonc Generators,
Kirfianography, grawnty lesers, tele
wneus Detads SAE 4 1 9°. Paralab
Downton, Wits

AMAZING ELECTRONICS PLANS Lasevs,
Super powersd Cutting Adte, Patol Light
Show, Utrgsonic Force Feids, Pochet De
fence Wesporvy., Gunt Tesis, Sateiste TV
Pyrosect 150 more propects Catsiogue
950 From Puancentrs, 16 M@ Grove
Bdbrook  Codeall. W olverhamoton.

SECURITY ALARMS Kas trom (37 Ful
wnge ol sccessories MFP Lwd, Hesrison
Road, Erdington Beminghem B24 948
@1-373 0450

PROXIMITY SENSORS inira-red
ange 3 nch ungla 57V supply 10eal tor
mobsle robots £21.95 eafler Chesh
Micro Desgn, 66 Close Lane, Alsager,
Stoke-on- Trent, Stafts

COPPER CLAD BOARD e s«ded
fibre glass. 10 sheets 12° x 8” {6.00. 6
shegts 12° x 87 £4.00, Including P&P
Compiote PCB servsce. Davron, 1 Bank
g0e, offt New Steet, Cheimslord

CENTURION BURGLAR ALARM
EQUIPMENT Send SAE tor free s o
s cheque/PO for £8.96 tor our special
ofter of 5 full sized decoy beil cover
To Centurion Dept ETIZ0, Wakeheld
Rd., Huddersheks W Yorkshire. Access
& Barcleycard Telephone orgers on
0484 Fad 7

CIRCUIT DESIGN. Prototype conetruchon
swiogue of Dwnal, Sangle Crcuits or
Compiete Instruments Svaters. Write A. J
ATTWOOD, C.Eng.., MIERE, Heathercote
Heatherton Part. Taunton, Somerser, TA4d
1ET, o Phone Bradiord.on Tone 082 348)
5386,

DO YOU TRANSMIT
AUDIO SIGNALS
OVER CABLE
CIRCUITS?

We manutsciure 8 full range of
interface equipment for transmis-
sion of audio signals over private
wire of telephone Circuits, from
Narrow Band STD systems
(300Hz-3 4kH7) up to Wide Band
Music Circuits

PARTRIDGE
ELECTRONICS

{A. C. Psninidge Ld.)

56 Fleoat Road, Benfleet, Essex
Tel: (STD 03745) 3256
We alsoc manuifscture sudio
miners and sub-ass smblies
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DIGISOUND 80
MODULAR

SYNTHESISER

A synthesiser for the professional and amateur
keyboard player, for education and for the
beginner. The DIGISOUND B0 suits all levels
of keyboard skill. If you want t0 know how.
then read on.

BEGINNERS: A small synthesiser may be assernbiled at
a price comparable with pre-set types. The DIGISOUND
80 has umique facilities and you can learn about
electronic music synthesis with the aéd of our User's
Manual. When you are ready to @0 beyond the ‘m
synth’ stage then simply add more modules 10 suit your
requirements and your purse

EDUCATION The modular concept is bdea! for teaching
both music and the physics of sounds. The micro
processor add-on converts it 10 8 project of even wider
apphcation

KEYBOARD PLAYERS: The use of the ALPHADAC 16
microprocessor controlier allows up to 16 voices in the
polyphonic mode as well as prowviding many other real
time keyboard control routines. NEW recording/
composing/ sequencing programs provide you with the
OpPOriunity 1o Create exCIting Music — imagine playing
back a composition with each voice set 10 a different
instrument!

KEYBOARD SKILL: The ALPHADAC programs have
faciiities for composing and recording in both real time
and not real tme. The latter allows entry of notes at any
speed and subsequent playback at the required tempo
The not real time mode is essential 10 synthesists of
bmited skill and 3 boon to the experenced player,

THE DIGISOUND 80 — IN ANY CONFIGURATION

— OFFERS YOU THE BEST PRICE/PERFORMANCE
CHARACTERISTICS

Kits supplied ex stock and ready built modules. or
complete synthesisers. are available 1o order.

NEW IC’s trom Curtis electromusic Speciaities:
NEW modules: NEW users manual pius easy to
follow construction notes.

Write or telephone for more information from the
ELECTRONIC MUSIC SPECIALISTS:

DIGISOUND LIMITED

13 THE BROOKLANDS, WREA GREEN,
ET1 APRIL 1982

PRESTON. LANCS. PR4 2NQ
TEL:0772 683138

WHYANILP
MOSFET
POWER AMP?

Mo ot me B g

H)L P

ELECTRONICS LTD
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STAY AHEAD.STAY WITH US
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DIGISOUND {800 Moduiar Synth Cased b
Cattwated. Contenta: 6§ UCO"s. 1 LFO, 4 LP
Fiters. 2 State Vartabie Faters. 3 Dual UCA's,
2 Dusl ADSR's, 2 UC Envelope Generators, 2
Procemsors. 1 Dusl Ring Modulstor, 1
Noise/ S-hoid, 1 UC Mizer, 1 Esternal input, 1
Sterso amp. 1 A per rad PSU. 800.00
ono.Alphedac Synth Conwoler 42 Quad
DAC Boerds, Keybosd B Keybosrd
Controfler (200 ono, Solartron 10 meg Scope
5% ono. Al eme must go. Owner
emigrating. Contact P, Lowm, 50 Acres
Lang, Stalybndge. Cheshere,

ﬂe éomp/de ta )?e/
/dt -Q/a tm _Siysterm
tor Comes

stic & Commercisiuse

Desgned to speaficaily
detect body heat gndmotion

deal for Caravens
Yachts
9\ 1S

F DKendall& Co
256 A/BLevwsham High St
London SE 13

TROTIT O

.
) < .
Qv sty &7 (B0 . VAT reous & (130 30
Meore Adapicr ‘o siaeny wra (3. 78 ong VAT
rer 3 e
r c-_-ncu-nul-l
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MICRO !L!CTHO'«'C SYSTEMS
Martin Buildings. Stonehouse St
Middiesbrough. Cleveisnd
Tolophone No 08642 829238

140

MOS-FET AUDIO MODULES
Hilechs dowoss, Haechs 100C . Gl Do
enlruOed Phedtsrhs, NG, Quirerieed 4

12 wetss8 oners, 120v/2A wpoty. (1095
M0 wetts/4 ovee. 120v/4A suppty, (19 3B
&0 werts /3 onvva. 120677A sppiy (29 B

Powar . pre ores svesabie Post/
pechng 80p Starvp lor detan. Quanity
ROONt

Awtho-Tech. . § Porsora Closs. Chvarch
Croohhem. Aldershot. Hents QU1 ML
Vel @814 2230,

T. & J, ELECTRONICS COMPONENTS
Quality componenis, COMPEUTve Prices.
fustrated catelogue 45p. 98 Burrow
Rosd, Chigweil, Esser.

CLOSE ENCOUNTERS GROUP. Personai
ntroductions/dances. parties, talks, sociel
events. Meet interesting. attractive
people All gross. — Tel. (Liverpoo!) 051
931 2844 (24 hoursl.

SPARE PARTS For off degpital watches
Barories, crystele. displays etc. Send SAE

green_ Bucks HP1565C

ET international 4000 Synthessse: fully
working, maphn cese and front panel
mmeculate, £450 ono. Colin Jenking, 6 John
Street, Pontrypridd, Treforest, Mid-Glem

KEYBOARD, 74 key, ASCH output, cased
connection disgram. (38; HP keyboerd, 107
key, uncoded. ondy [ Tektronia SBTA
type B20/8 plug in module, probe,
€150+ Carv, SAE for detady. 14
Gardens, Forchem, Henty

315

1000 ASSTD 5% resisron. pre-formed for
PCB mounting, (250 50 asstd tull-apec
LED's, 3 & Gmm ol colours. (3.20. 50 sserd
hl-epec trpnaustors, BCIE2/212/237/308 etc
£3.00 100 ssatd PC mntg electroiytcs. {3.00
One of sach pack [11. Al post free. SAE
Wholesale kst PC Electrorscs 1. Thomhdl
€T, Romesy Roed, Whitepernh, Ssiabury,
Wits
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Courses in Electronics

B8Sc IN ELECTRONIC ENGINEERING

A four year part-time degree course for mature students. Of particular
interest to those engaged in Digital, Telecommunications or Control
Systemns. Entry qualification required s an HNC or equivalent in
Electrical and Electronic Engineering or Apphed Physics. This CNAA
degree 18 considered by the Council of Engineering Institutions as
meeting their C.Eng. academic requirements,

CEl PART I

One year full-time or two years part-time course in preparation for the
CEl Part Il examination which is the present academic qualification for
Chartered Engineers. Subjects otfered include Electronics, Communica-
tion, Control and Computer Engineering. Entrants should have passed
CEl Part | or have been exempted; holders of HNC and endorsements or

HND are so qualified,

Further detads and application forrme sre gvailable from the informetion Otfice. Room 1308,
College of Arts and Technology. Cambridge, CB1 2A), Telephone 10223

an
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LOTS OF NEW ILP
ENCAPSULATED
PRE-AMPS-
COMPATIBLE WITH
ALL ILP MODULES

Motal cased 9’ PMION

CROFTON
MONITOR

10 MH2Z Bandwidth
P4 Standard

Also available with
P31, Price on
application

NEW.-PRINCE MONITOR

High resoiution

24 MHz Bandwidth
P31 (green) and P4
high resolution
standard. Price on
application.

Dealer and OEM enquiries weicome

CROFTON ELECTRONICS LTD
38 Growenor Rosd. Twickenham, Midan TWY 4AD
01-891 1923/151)

[ WRONG TIME?

MSF CLOCK 1S ALWAYS CORRECT — never gaing or losae
SELF SETTING at switch-on, 8 ts show Date. Hours,
LY S SMT /8 D yoar, can

Paraagl DL UV output tor COMputer of sl etc. STOPCLOCK
and sucho to record and show e on playback 'oc-v-
Ruglry 80K Hz atomic time mgnals, busdt-dn sreenng, 1000Km
[{ GET rhe RIGHT TIME. onty (5280

60 RUGBY RECEIVER a1 in MSF Clock, serial deta

output 1or computer etc, decoding detasle, £17.90
Each fun-to budd At nchodes o parts printed cocunt, case.

Wy X ENCP 3O O
OV
CAMBRIDGE KITS
45(TD) Oid School Lane. Mitton, Cambridge

DIY KITS'N BITS

VPN (EIPUN of SLEDYT FagEy T —
oKITS €2, 150, €75 €35 ncluding hull retructons eCONTROL
PANELS (18, €D, €29, {37eBELL BOXES (6.2, (7.80e
oPRESSURE PADS €1.08, 1 45, {1.95e¢4 CORE CABLE
(Y00} (BeSIRENS €7 50eCONTACTS Tp. Yo, Mpe

SULTRASONCIS £34.600 DOOR PHONES (29.420

BUY A KIT OR DESIGN YOUR OWN SYSTEM

[ Of PyaOng OW tang
‘h YOU 0 £ 0w
Covage mcautins VAT fams 5%
A8 o= 11 Botress B G, Chagew LIS 0 W00 009
— N el
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*BIG EARS *.« ¢

s 3

~ .. £49

Sun ¥ WA » Svpasn TS
" satd 578 LOMPITED | e Gl WORD,

-, w0 wee asmd

ZX80 ZX81 Ny

BUSIKC STNTHESSER -
o 1§ LINE CONTROL PORT .- L 4

e bowe Sund swer S p f

paArem i ul of ;; £1_9050 [,
(9.5 - E V.

- =34

o LA Cin Gl SRAPwE S
. = o (98

Fotms o 50T @ VLW

e S ——

4 GET THE MESSAG N

» [ =S e T

VAETEICH ABDLARDIY ALIPOSTY
Sursen Coldhald L SN A

AERIAL AMPLIFIERS iImp/ove weal
television reception. Pnoce £6 70, S.AE

for leatiots Electirorne Mailorder,

Aamsbotiom, Lancashire BLO SAGH

CORDLESS TELEPHONES Budd your own
wngle and mexpenerve units. Send €3.00 for
plans 10: | F. Ashigy, Birley Grange Cottege
Form_ Basiow Roed, Cutthaorpe, Dertyyelure

PRINTED CIRCUITS Make your Own mm
ply. cheaply and quickivt Golden Fotolac
light sensitrve lacQuer — NOw Qroatly wm-
proved and nrl'rnuch faster. Aerosol
cons wah full instrucvons. (225, De-
veloper 35¢. Ferric Chigride 550 1-101‘\
acetate sheet for master 14p. Copper-Ci
fibregiass boerd, approm. Imm  thick
(&) R Post/packing 75p White
Mouse Electronics, Castie Drive, Pras
Sands. Pensence. Comwall,

-——m —
{Mains Operated)

Thas negative 10N Qenersior Grves yOu the Power 10 sANIEIe You! home Of office with
midbons of relreshine 1. WAhout 18N Of MOVING DArts 1t Puts CUt 8 plessant breere A

. Oure How of ions pours outl Bhe water om § fountam. lilng yOu 1O0M The resutt? Yourt
an feeh renh, pure, Crpe and wonderfully refresheng

Al patts, PCO and full mgtructions

A sustabis case nchuding 110n1 panel, NEON switch
Price nciuoes post & VAT. Barclaycard/ ACCcos welcome
7. POWELL
Advence Wertka ¢4 Wallace Aoed, London NT Ted 01 228 1489
Hours. Mon FandSom Sat 54 pm

10BMM2) . instructions stc oll mchuded. Only
0195 ¢ J0p PBP. (Unlicensablel. M,
Dept €71, 30 Westhoime Gardens, Rualip.

‘MAGIC prosamity (no metasl touchpiotel.
sght dmmer kA replaces COMOBLC
Sohtewitch, Burmingted frontplate. {9 48
Printers. Epson MXBOT | (397 MXBOF/T |
{441, Prces inchmive. Tremotwren Data
Systems. Torrs Pack, Mtracombe. Devon.

WANTED Crculite or sesvice information on
Nagerd Oscilioscope type OT103 snd power
saupply. Wil buy or hire. Tel. evenings or
weshonds &06) Cheltenham of write
Watton, 245 Prestbury Rosd, Cheitenhsm

0250
€10 50

USE ELECTRONICS TODAY INTERNATIONAL'S CLASSIFIED
{30p per word, minimum 15 words. Box Nos. £2.00 extra or £9.00 per single column

centimetre — all prepaid).

Just write your ad on the form below and send it with your cheque, made payable to
A.S.P. Ltd, to Jenny Naraine, 145 Charing Cross Road. London WC2 OEE.

Please place my ad in the next avallable issue of E.T.I.:

Name........

Address.......

4

" et s e e

[0
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ﬂ FINAL RADIO AND
9 ELECTRONICS
8 EXHIBITION
2 AT BELLEVUE
by the
NORTHERN AMATEUR RADIO SOCIETIES ASSOCIATION
m the

LANCASTER HALL
BELLEVUE. MANCHESTER
on SUNDAY 4th APRIL 1982

Doors open st 11 a.m
The North's Premier Amateur Radic and Electronics Event
Ffesnmes
e Qi Quiy Qrisngt ReMe Conetrurtinn Compat A Comgunyy §
LY ¥-§ g Radhe 6 veo§ and Vrapivy
u-,gf!fo-nlonnl“

B
Selam - - $ 08 Bmveows
PR LG e , - The Commpuner Jyrd $2ap
A -
T Lond A =gy Srvd Do vors
lecvevaius L0 Ace Matworss L9
e Hecwer A e =T L T G ¥ B trore

L

So you've fancied some
WHARFEDALE E90 speakers —

bt the tuprd
ow heve re

gt pocs ey for
P Whertedeie
SOUONI’N

sasy and
o

vl (
vORe

) Wi

L
L

R

e 5

-

The bits condesn ail cabangt components 8CCur tely MECTuned ior sasy
sssembly — il drrve LN, CrOBEOVEr NETWOrS. SCoUBtE wadding, refie
POT W, muts, boits. terrmunaly, grille fabric. ot The cabinets con be
e | '

0 W ¢ d e
Prices:  E50 0 €182 por pow nciugeng VAT )
€20 41t £220 pov pair ciuding VAT, carmage snd insurance € g
€90 0t £330 por paer ichudng VAT COrnage sy rusance 10
Pro E90 unt £368 per pair ichuting VAT, corriage snd insurance (10

o

VY Mo fowm tor Speman

35/39 Church Street. Wilmsiow, Cheshire SK3 1AS

K =
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MIXERS FADERS,
VU METER DRIVERS
AND MORE-
ALLNEW FROM ILP!

PP S50 SACGG UsaT FOR DOUBLING FOWER
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It's easy
to complain
about
advertisements.

M an advectisement is wrong. we're here to put it right.

RADIATION DETECTORS |

BE PREPARED

® g OOSMALTI A WLl AUTOMATICALLY
DETICT CAMMA AND 1 AATS
aus ANTAM PEN § CLY f
S e r el N PEn B CLIPs [y
8 P0G g TRuME )
® VANUS ACTURE AT CURAENT PaCl OF A
VAN MOODEL DVIR (79 (Al

Tosied and by guos snwved {9 wioch dsbeeey | COMPLETE
v T™d MNATA

E————r—
01-723 10089 w
404 IOGWARE ROAD LONDON W2 IRD \

Don’t miss
the May issue
of E.T.I.
Phone Jennie
on
01-437 1002
for all your
classified advertising
requirements
Deadline Friday
March 5th

Please
mention

E.T.I.

when replying

to all
adverts
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AM/FM STEREOQ TUNER MODULE
3 BAND -
TOROIDAL
TRANSFORMERS

Price only £10.95 mcluding VAT
ol £1.70P & P

An entire
range of
low-cost
high-
performance
instruments

sabtronics &

‘Making Performance Affordable

11 2000 Forrens Gensroter

Test our low priced test equipment, it
measures up to the best. Compare our
specs and our prices - no-one can beat our
price/performance ratio.

Full colour illusirsted
brochure and price list from:

e ) Jl N 5

98 Crown Street, St. Ives, ELECTF'O'NICS LTD/
ot R ot Tetex 32306 STAY AHEAD.STAY WITH us
e e e e ——— i &
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Whather you 59 8 NeWwoDmer 10 the feid
or piresdy working In the indusery. I(CS cen
Orovide you with the IDSCIIged PRINING 60 Sesentel
1O SOCees

| Porsenel Tuition ond Gusremand Succam I

The tspert ond Porsonsl gudsnce by 'vily quatidhed
tutors, boched by e ICS guarentess of twstion wntd
woecontul B The key 10 Our CuINIndng record A The
tochnicel tradmeng Teid YOu 2wy ot the Twme and pece
hat ivits yOu Dest and I vour own homi, |n 1he words
of one of ow Many succomtul studenty “Biace tarting
My COuse, My witry hey twebled ond | am eapectvyg &
1 tRgt «ACTOwss wWhen iy COur e | compisted

! Crty snd Gutie Contffcates

€ sceiient 1O ProaCTs swest 1hoes who hold One of thewe
recogrined cortificaten. 1CS can coach vou for

Tolocommasnucntons Tochnetudm
Radc, T.V. Eacieonics Tochnang
Rodo Armpteury

Elactrice |nginliatsdn Work

Dupioma Cowrees

Colour T.V, Servting
CCTV Engreening
Crectroneg Engineering & Minntenente

Computer Engnasering snd Programming

Rado_ 1.V, snd Aucho, Engnesning & Serwcirng
Clectrcal Engrosning Imwitstions & Contrpcting

rOﬂ'-I Caran Cowram = I

A wide rprge of Other techascsl and profersions Ctmarses
e svestabie Ingiucng GCE

v To ICS. Deptr. T208, Interteat House
'-H London SWS 4UU
or 1elephone 018622 9311 laH hours)

146

A d Electronics ‘ L 18
Ambit International . 86 & 100
Amtron (UK) Ltd ... 47
Audio Electronics . 38.66 8130
Audio Video Services .. 1%
Aura Sounds. . = cee. 2
8i-Pak Semiconductors L4
BK Electronics 16 & 61
Biack Star Ltd. 145
B.N.RS. : o 78 .62
Boss industrial Mouldings 119
Braithwaite Kits. . .. .. | 116
Calculstor Sales b Service .2
Cambrnidge Kits e L.
Cambridge Learning . M b 124
Castie Electronics ..8
Chiltread Lxd 128
Clef Products ... .. 112
Cricklewood Electronics % Hh9s
Crimson Components 129
Crimson Elektrik . . .. 14
Crotton Electronics . ... 18
C.T. Electronics Lid . 9269
Deita Techn & Co.. 128
Digisound Ltd. 139
Display Electronics. . 134
EDA n
Eloctronize Design 106
Electro Supplies 120
Electrovaiue e 78
Flight Electronics. 126 8 127
Greenbank 110
Greenweld .
Happy Memories. m
Health Electronics 119
Henry's Radio. 138
Hy Tek . 8 T ... 82
we 131135, 139, 141, 143 & 145
LB Electronics. e . 106 B 111
L & B Electronics. 12
Lectro Lines 145
LEM Services . . . 54
Unton Electronics . .130
Megents Electronics 106
Mawsgon Associates. . 125
Memotech Ltd 10
Micro Times 1n
Midwich Computer Co. 30
Namal Assoclates . . 116
NARSA 143
Parndon Electronics. . .. el 13
Powertran Electronics 2. 107 & 148
Rapid Electronics ve.. 12
Redditch Electronics 77613
Relay-A Quip 97
J. W. Rimmer 34
Riscomp Ltd . .. 5
Roadrunner Electronics 120
RT.V.C 60
Silica Shop 72
Silicon Speech Systems . ...........ccoo0eeeoncs 54
Sinclaie Resesrch. 6.76 147
Solid State Security 125
Swaniey Electronics 61
Swift of Wikmslow ... &7
Technology Resources .. 124
Technomatic Ltd 56 & 83
Tempus Ltd 52653
Timedata Ltd ... 120
TK Electronics 864
Velleman (UK) Ltd . P .
Videotons Ltd 1226113
Watford Electronics. - 465
West Hyde Developments 128
Wilmslow Audio . 143
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Make the most of your
Sinclair ZX Computer...

Sinclair ZX

software
on cassette.

3.95

The unprecedented popularity of
the ZX Senes of Sinclsir Personal
Computers has generated a large
volumec of programs wrirten byusens.

Sinclair has underntaken to
publish the most elegant of these
on pre-recorded cassettes. Each

rogram is carcfully verted for
intesest and Quality, and then
grouped with other programs to
form a single-subject cassette.

Each cassenie costs (3.9
(ncluding VAT and p&p) and comes
compicte with full instructions.

Although primarily designed
for the Sinclair ZXBL, many of the
cassctics arc suitable for running
on s Sinclair ZX80 - if fitted with o
replacement 8K BASIC ROM

Some of the more claborate

rograms can be run only ona
air ZX Personal Computer
asugmented by a 16K-byte add-on
RAM pack.

This RAM pack and the
teplacement ROM are described
below, And the description of cach
casscite makes it clear what
hardware is required.

8K BASIC ROM
The BK BASIC ROM used in the
ZX81 is availablc to ZX80 owners
as 8 drop-in replacement chip
With the exception of animated
graphics, all the advanced features
of the ZX81 are now available on a
ZX80 ~including the ability to run
much of the Sinclair ZX Software.
The ROM chip comes witha
new kevboard template, which can
be overlaid on the existing
keyboerd in minutes, and 8 new
opcrating manual

16K-BYTE RAM pack

The 16K-byte RAM pack provides
16-times more memory in onc
complete modulc. Compatble with
the ZXB81 andthe ZXB0, it can be used

for program storage or as 8 databasc.

e RAM pack simply plugs
into the existing expansion port on
the rear of a Sinclair ZX Personal
Computer,

per cassette.

Cassctte 1 -Games
For ZX 81 (and X80 crith 8K
BASIC ROM)

ORBIT - vour space eraft’s
mission is to pick up a very valuable
cargo that's in oebit around a star.

SNIPER - vou're surrounded
by 40 of the encmy. How gquickly

can vou spot and shoot them when

th ?
XmRS-'your starship bs

cruising through space when you
mect ameteor storm. How long can
vou dodge the deadly danger?
LIFE-J.H. Conway’s ‘Game of
Life’ has schieved tremendous

populanity in the computing world.

Study the life, desth and evolution
patterns of cells.

WOLFPACK - your naval
destroyer is on 8 submarine hunt.
The depth charges are armed. but
must be fired with precision

GOLF = what's your handicap?
1t's a tricky course but you control
the strength of your shota

Cassette 2-Junior

Education: 7-11-year-olds
For ZX81 otk 16K RAM pack

CRASH -simple sddition - with
the added attraction of 8 car crash

if you get it wron
MULTIPLY - long mults-
plication with five levels of
difficulty. If the answer's wrong -
the solution is explained.
TRAIN - multiplication tests

against the computer. The winner's

train reaches the station first.
FRACTIONS = fractions

ctg_hined at three levels of
dl

xulty. A ten-Question test
completes the p

ADDSUB -addition and
subtraction with three levels of
difficulry. n, WIONE answers
arc followed by an explanation.

DIVISION - with five levels of
difficulty. Mistakes are explained
graphically, and s running score is
displayed.

SPELLING = up 1o 500 words
over five levels of difficulty. You
can even change the words yoursclf,

Cassette 3-Business and
Houschold
For 2X 51 fand ZX80 itk 8K

BASIC ROM) with 16K RAM pack

TELEPHONE - sct up yourown
computerised telephone directory
and address book. Changes,
additbons and deletions of up to
$0 entries arc casy.

NOTE PAD =2 powetful, easy-
to-run system for stonng and

retrieving evervday information.
Use it as 8 diary, 8 catalogue, 8
reminder system, or 8 directory.
BANK A -8
sophisticated financial recording
svstem with comprehensive
documentation. Usc it at home to
keep track of ‘where the money
goes,’ and at work for expenses,
departmental budgets, ctc

Cassctte 4-Games
For ZX81 (and ZXB0 with 8K
BASIC ROM) and 16K RAM pack
LUNAR LANDING - being the
lunar module down from otbit to a
soft landing. You control amtitude
and orbital direction = but watch the
fuel gauge! The screen displays vour

flight sm-q.gu.l' ly and graphiceily.

TWENTYONE -a dice version
of Blackjack.

COMBAT - vou're on a suicide
space mission. You have only 12
missiles but the aliens have
unlimited strength. Can vou take
12 of them with you?

SUBSTRIKE - on patrol, your
ﬁigne dctects 8 pack of 10 enemy
subs. Can you depth-charge them
before they torpedo you?

CODEBREAKER - th
computer thinks of 8 4-digit number
which you have to guess inup 1010

tries. The logical approach is best!
MAYDAY -in answer to s distress
call, you've narrowed down the

scarch area to M3 cubic kilometers
of deep space. Can you find the
astronaut before his life-suppont
system fails in 10 hours time?

Casscttec 5=Junior
Education: 9.1]-ycar-olds
For ZX8! (and ZX80 cith 8K
BASIC ROM)

MATHS - tests anthmetic with
three levels of difficulty, and gives
your score out of 10.

BALANCE ~tests undenstanding
of levery/fulcrum theory with a
series of i examples.

VOL 3§ - ‘yes’ of *'no’
answers from the computer to 8
scrics of cube volume calculations.

AVERAGES - what's the average
height of your clsas? The average
shoe size of your family? The avera
pocket moncey of your friends? The
computer plots g bar chart, and
disonguishes MEAN from MEDIAN.

BASES ~convert from decimal

base 10) to other bases of vour
choice in the range 2109,

TEMP - Volumes, temperatures

~and their combinations.

How toorder

Simply use the order form below,
and either enclosc a cheque of give
us the number of your Access,
Barclaycard or Trustcard sccount.
Pleasc allow 28 days for delivery,
14-day moncy-back option.

Sinclsir
ZX SOFTWARE

Sinclair Rescarch Lid,
6 Kings Paradc, Cambridge,
Cambs., CB2 ISN. Tel: 0276 66104,

[ ——————————————

To: Sincinir Rescorch, FREEFOST , Camberivy, Surrey, GLYS 3HR. Please prt

I Pleane sernd me the tems § have imdicated below.

"Piesse 50 (299 1o ttad iwder vodwr anly if snderieg RIWM aondvos IAM.
1 encione 0 chegnt/ PO to Sanciser Revcarts Ead foe
I Pleae charge my Acorss*/Barclayosr Trosscard an

I “Thosse difutr v appiscahie.
I Nating: M7 Mn Mins
Addrew.

I Qry | Code licem empeice | Toes
. Canserte | ~Charmes L]

I 4 genctic } - hascat Fdu stoon £19%

| I | Cansenre ) Business and Hewochodd -

l » Casnetic § - Games 098
) Cassetre § - Jursor Educatiun 0nes

l 17 B RASIC RO for ZX00 L1998

| 18 | 08K RAM pach for JX8I sad 7X80 "

| Pt and packimg (Warplusdle) 0o

| Tousd {



PRECISION - by
PUWART AN

For more than sleven years Powertran have been designing snd manufacturing ths finest quality electronic kits. All of
our now considerable range have festured in the eloctronics press and Hterally thousands have boen bought and built
by contractors in the UK and World-wide.

Our philosophy Is always the same — we offer ingenuity and originelity in the construction phase by using only top
class dosigners. We offer machines with power. versatility and performance — capability fully equal 10 their factory
built rivals. We offer only the highest quality materials and components throughout to ensure yoars of useful and
reliable service, we offer clear comprehensive and sasy to follow construction manuals to place our kits within the
scope of the careful first time bulider as woll as the dedicated enthusiast.

Our hallmark of success lies in the.number of our clients who have built our whole range — many sssambling several
units for others to use often on the professional music scene.

Wo believe in taking every cire throughout — months spont checking and testing tho design and development.
Vigorous cheacking of every component. constant pre-despatch quality control, careful packaging. . .even door to door
delivery by Securicor!

Woe are naturally very proud of our Transcendent range of synthesizers designad by Tim Orr and regularly featured in
ETI: Thoy represent the best in constructional interest and in musical performance.

TRANSCENDENT POLYSYNTH < & lour octave 0ol @hond syivhesds wiin  TRANSCENDENT 2000 - Altnough ondy 8 3 octave tevboard e 2000
OuSLNGINg Getgn Chid SCHr STCS and versatity and performance 10 maugh. festures the same onP Ngenuty, Corelul engneerng anc Quility components
Complete kit (278.00 pius VAT lsngie vorcel  of s Wrger brethver T Wit @ well withe the 30008 Of ™o et tene Dualder =
Extra vosow (L0 10 Uvee motel .00 Dk VAT Duy i, Duld 1t pliy A1l You will Rnow vou have Made the right chosow,
Compinte kit £V65,00 phs VAT
EXPANDER — A new matching < vOOl eapanoe 10 168 up vwih your
POhyTwnth 10F even 8 greales tBnge SNJ CAOALTY 1024 COMPOSER = Come Mgt up 10 The minule with Tyl new desgn It will
Compiete Lt (245,90 phs VAT Contrgl yOur SynIbesaer wih & secusnce of up to 1024 notes = of an egud
setoction of shorie 3equences The Composer B Med Powersd with
TRANSCENDENT DPX — Otters 8 fve OCtve AiryDOSMd vth DOWeY 10 match Sutomatically Chirged batiery 10 Dreserve yOUr (2OQamme after swiich-ott

Towe Sud0 CDULS ICan bo uIed BMURanetaly) 10 give harpachord snd Compiets Lt 0M6.00 plus VATY
Dr0/NOMYIoNT Of reed Wi sUngatrats and bot are fully pofyphoric  Jiner
fearwres nchude Iwiichabse touch senstnaty and 8 chorus ensembit et win DEMONSTRATION TAPE Demoanilr ation tapr now avardadle of all three

1ong/imid offect pwtcteng, AN SUVENOR dEL PN MBOR WEMEE Wath Our earty

B0 Out PAINCION Mmanusl bt (IO munutes)

Comgietw it [295.00 phus VAT £2 00

POWERIRAN

T20 ¢ 20 — Ovignally dewgned by Teuas Enguneers
Thes 13 8 20 gvatt amplitial wittigrue He-Fi pestor mance a1
» minmal cost:s New festures niiude true Torosdal
transiormee. firw weingsgingle crcun board and.improved
presentation An ideal thginners oroject Compiete” ARt
£26.80 plus VAT, Also T30 ¢ 30 = 30 wait verson complets
ka £364.50Dive VAT

LINSLEY MOOD 75 DE LUXE — A 75 watt amphlee
ongwnally pubished in MeFl News. Superd priormance
chataciensiscs with less tham 01% dluorton  Modulsd
construction with 134 intercontecting M_ — wirtually
NO weing 50 Sisembly 5 sasy B8 18 Subdsequint chadhng
snd mantenance Complete ha £75.00 plus VAL

WORLD LEADERS IN ELECTRONIC KITS.

PAICE STABILITY

IXPOAT OADIAS.
U & ORDIRE
SICURMICOA DALIVER

SALES usmTem

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3WW (0264} 64455



