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A Decade of
Electronics

10 Projects ' Over50 circuits
Free to Enter Competitions

*Over £500 in Prizes
*WIN*

A Digital Multirneter
A Hi-Fi Amplifier A Computer

Plus Much More ......

AUDIO.... COMPUTING.... US IC . RADIO.... ROBOTICS.. .



POWER PACKE0 by POW-_FR.

Powrtran s black boxes Sr. packed with punch Not only are they superb kits to buy and
build they really do the job' Imaginative and ingenious design goes 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 built each unit independently for its set task and then gradually increase your army
until you have a complete bank of formidable controllable power.

Complete Kit - t11110  VAT

111111111111
Convene Kit - C411.110  VAT

Complete Kit - [17.00* VAT

111111111.:114
Complete Kit - 014.10 VAT

MPA 200 is a low price. high power
xtiti amplifier Its smart styling. profes-

sional appearance and performance.
make it one of our most popular
designs. With adaptable inputs the mix-
er accepts a variety of sources vet
straightforward construction makes it
ideal for the first-time builder

CHROMATHEOUE 5000 -
5 -Channel fighting system powerfu,
enough for professional discos yet con-
trollable for home effects Sound to
light. strobe to music level. random or
sequential effects - each channel can
handle up to 500W yet minimal wiring is
needed with our unique single -board
design

En VOCODER - 14 channels, each
with independent level control. for max-
imum versatility and intelligibility. Two
input amplifiers - for speech/exotation
- each with level control and tone con
trol. The Vocoder is a powerful yet litm-
us machine that is interesting to build
and thanks to our easy to follow con-
struction manual, is within the capability
of most enthusiasts

SP2 200 twice the power with two of the
reliable, durable and economic amps
from the MPA200, fed by separate
power supplies from a common toroidal
transformer Superb finish and quality
components throughout - up to (even
overt) the standard of high priced
factorybuilt units

DAS Stereo Mbar - this is a really versatile
new mixer that enables the constructor DJ to
Produce a professional performance every
time. There are two stereo inputs for magnetic
cartridges. a stereo auxiliary input and mike in
put. Other 'plus' features ere auto -panning for
fast or slow, slider controls. mislumuung,
ducking, interrupt, input mortulort.c.r.. rn short
everything the whole works - AND -
under C100 complete! Ma nave iiiustrated the
DJ90 teemed in our Jwn console with the
Chromatheque and an SP2 200 and speakers

Coeveiete Kn - 0710  VAT

go Oa*
Digital Delay Une - our latest kits With its ability to
give delay times from 16 mSecs to up to 1 6 MCI
Many powerful effects including phasing, hanging.
A D T , chorus, echo Er vibrato are obtained The
basic kit is extended in 400 mS steps up to 1.8 secs
Simply by adding more parts to the PCB. Compare
with units costing over C1.003i Complete kit I400 mS
cietayi [In Parts for extra 403 mS delay C9 50p

. . . . Quite simply the best way to make music
WORLD LEADERS IN ELECTRONIC KITS mi....  S. ). 1'{...,.rd 
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and build some speakers for it
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Kit:
149."
Higher specif ication. lower price -
litiVe It done?
Ovate simply, by design The ZX80
reduced the chips in a working
computer from 40 or so. to 21 The
ZX81 reduces the ?Ito 4'

The secret lies in a totally new
master chip Designed by Sinclair
and custom-built in Britain. this
unique chip replaces 18 chips from
the ZX80

New, imPreeed aPecification
 Z80A micro processor - new
faster version of the famous 180
chop. widely recognised as the best
ever made
 Unique '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
 Unique syntax -check and report
codes identify programming errors
immediately
 Full range of mathematical and

 .ntifiC functions accurate to eight
,111/11 places
raph-drawing and animated 
lay facilities

stnng and
 erica' arrays
lo to 26 FOR/NEXT loops  indornise function - useful for
 es as well as serious applications
assette LOAD and SAVE with

.1'ecl programs
 1K -byte RAM expandable to 16K
bytes with Sinclair RAM pack
 Able to dnve the new Sinclair

"ter
 .% chanced 4 -chip design micro -

f ocessor. ROM. RAM. plus master
chip - unique. custom-built chop
replacing 1$ ZX80 chops

Sinclair ZX81 Personal Comp
the heart of a system
that grows with you.
1980 saw a genuine breakthrough
the Sinclair ZX80 world's first com-
plete personal computer for under

TO Not surpnsingly. over 50.000
were sold

In March 1961. the Sinclair lead
increased dramatically For just
169 95 the Sinclair ZX81 offers even
more advanced facilities at an even
lower price Initially. even we were
surprised by the demand - over
50.030 in the fist 3 months'

Today. the Sinclair ZX81 is the
heart of a computer system You can
add 16 -tomes more memory with the
ZX RAM pack The ZX Printer offers
an unbeatable combination of
perforYnance and price And the ZX
Software library ';' ery day

Lower price: higher capability
With the ZX81. it s still very simple to
teach yourself computing, but the
ZX81 packs even greater working
capability than the ZX80

It uses the same micro -processor.
but incorporates a new, more power-
ful 8K BASIC ROM - the 'trained
intelligence of the computer This
chip works in decimals. handles logs
and trig, allows you to plot graphs
and builds up animated displays

And the ZX81 incorporates other
operation refinements - the facility
to load and save named programs
on cassette. for example and
dnve the new ZX Printer

NOW BASIC manual
 /SP "P..44 we, 

4 -  ce416 erne 
14.101pcosim le cameo 

Built:
169.95
Kit or built -Its up to you!
You'll be surprised how easy :re
ZX81 kit is to build lust four chips to
assemble (plus of course the other
discrete components) -a few hours'
work with a fine -tipped soldering iron
And you may already have a suitable
mains adaptor - 600 mA at 9 V DC
nominal unregulated ( SuPPlied with
butt version)

Kit and built versions come com-
plete with all leads to connect to
your TV (colour or black arid white)
and cassette recorder

Ill AMA 1112



iter-

16K-byte RAM
pack for massive
add-on memory.
Designed as a complete module to
fit your Sinclair ZX80 or ZX81. the
RAM pack simply plugs onto the
existing expansion port at the rear
of the computer to multiply your
data/program storage by 16'

Use it for long arid complex
programs or as a personal database
Yet it costs as little as had the price
of competitive additional memory

With the RAM pack you can
also run some of the more sophisti-
cated ZY. Software - the Business Si
Household management systems
for example

Sin=I it
ZX8I

Kings Parade Cambn4119 Gambit C 8 I SN
Tel 10276) 66104 6 21262

 IN" °et
4-74.1 I' .

if ai
Yr 01,

Available now -
the IX Printer
for only 1419.N
Designed exclusively for use with
the ZX81 land IX80 with 81( BASIC
ROM), the punter offers full alpha -
numerics and highly sophisticated
graphics

A special feature is COPY, which
prints out exactly what is on the
whole TV screen without the need
for further Intructions

At last you can have a hard copy
of your program listings - particularly

How to order your Z3181
BY PHONE - Access Barclaycard or
Trustcard holders can call
01.200 0200 for personal attention
24 hours a day every day
BY FREEPOST - use the no -stamp
needed coupon below You can pay

. 

;11 ;60

useful wrier, wr.ting ,
programs

And of course you can print out
your results for permanent records
or sending to a friend

Pnnting speed is 50 characters
per second, with 32 characters per
line and 9 lines per vertical inch

The ZX Printer connects to thereat
of your computer - using a stackable
connector so you can plug in a RAM
pack as well A roll of paper 165 ft
long x 4 in wide) is supplied. along
with full instructions

by cheque, postal order. Access.
Barclaycard or Trustcard
EITHER WAY - please allow up to
28 days for delivery And there's a
14 -day money -back option We want
you to be satisfied beyond doubt -
and we have no doubt that you will be

rv...,.--116Lot PRIMPOST .Calabalioy 11...nn Outs Mat
Olt lrsei

07
Cod* nom price Toles

&MOO 411 C. WWI 14100 MOWN
Zxel S*siC Minor «owes mom _spar 12 N II1
liss0=110111ses 904$1,7 PolOall CalrevOSSUI

Viai SAW wefts aR6ftiorreall1011 II ell
Vim sepal IO MCO  I9 V 0C1111108  so
WI KR Ram pica la  OS
IloCe 274 Ibir4er 27 M
OK SAW 1101110 al ZABO I7 I IP OS

Pool WI 9
Plow Ica I you repute VAT foosiCA TOTAL L

*1 snobs* a c.Roqualpoatal order payatip lo Soviet Research L10. lo/ I
-11wamo owes to my A000ssievelaycarenruslcan, accooRt no

 Mak/ d COP.6100 M 1111040. _ - .- - -

Morns 1.1d1Aransbas

Address

LFREEPOST - no slam roodod Offer aggioe to UK or0y

OS

M. 
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COMBINED FORCES!
South East Computers PLUS Castle Electronks can now offer you Unequalled

Service - at Supermarket Prices!

WIP1:A -
Ill COLC_oy_13___

v1i I I COMPUTER
. JAL'

. n.r.r. 10.1. 141 qls, ;E

Acorn Atom BRITISH DESIGNED
PERSONAL COMPUTER

TANGERINE
microtan

!AWE', PA(STIL ADAPTOR
- EtE00

gaa Nod a complete ,loch 01 M.
Tgiverowe ogpLaporevi SAE

Ma me kr ditaels

COMMODORE
PET

alma

11111111fta
C0410411 rowel Pt T

liqueloyeat tw MGM
chaseT 111101vvimal soaselvd liam Coo..

a« OMNI Game I...dem Goys
1 le 110 Solooras r grow Same WM. A *to

Soammerso Yeas wad Low ..e.

 a ow 1 MA 00Ps., a    .

!WILT
HIGH ALS GRAPHICS

-"IftrY1

Itfe froth All M. Goodoet

ALL PRICES INCLUDE VAT ACCESS 8. BARCLAYCARD IRE LCOME
ORDERS NORMALLY DESPATCHED DAY OF RECEIPT

MicroComputers for Business

Package A

pet aleei
r

ALL PRODUCTS
ARE FULLY

GUARANTEED
BUY VA TH

CONFIDENCE

ALL PRICES
INCLUDE VAT

Sce

=Inchon-
ZX8I

ION
MW DIATI
DISPATCH

itog Package 13
Ammo( ALTOS MULTI USER

SILICON HARD DISK SYSTEM
1-'1  ALTUS 9000/10 Computer voth

10 Mbyte Herd DO
208Kbyte Memory 14 users)

500Kbyte Floppy Disk Drive
2 a TVI 912C VDU's

1 . ()Kt Mtfirl 91.^. P.mter

SEC BUSINESS SYSTEMS SUPPLY A WIDE RANGE OF EASY TO OPERATE SYSTEMS AND PRO-
GRAMMES TO MEET ALL OF TODAYS 'wows* NEEDS FULL RANGE OF COMPUTER
RE LATED PRODUCTS  LEASING AGRE (MINTS  FULL AFTER SALES SERVICE

DDB

OFFICE SYSTEM

Ottr 4s,
it'411.*5.01-4

41**4

7L)._Aegiratet,,Celecee,/
15 CASTLE STREET. HASTINGS, EAST SUSSEX TN34 3DY DEPT. ET4

ALL PERSONAL
COMPUTER
ENQUIRIES -
Contact Paul Brown
or Sam Wright on
Wlungl 10424
437875
IFotrnerIv Castle
EIectronlail

FOR ALL
BUSINESS
SYSTEMS
ENOUIRIES -
Mono
Nick Rosonbarg on
Halting' 10424)
426844

S
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DIGEST
ETI PRICE DECREASE

Readers will have no doubt noticed (painfully!) the cover
price increase on this issue of ET!. We apologise for this.
but are happy to say it is ONLY FOR THIS ISSUE and the
price returns to 75p with the May issue.

The one -month lump was made necessary by the sheer
sire of this special issue. We hope you will arm k is worth
it. If you could see the price of paper these dlys...(rnoan,
moan).

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

Tempus Fugit
I I s felt  1,111, uncomfortable secetkieg in the TI oftic  Hos morsels. most
lbw sonsrthang to do with the sackcloth and ashes we re weaning Chuiste
die last Sew issues soverel of our eerier, have leafleted Caro produirts
but r have eresisertely lathed to credit the compar, which Wel us Ile
re. ire atedels. The Lindh fe& I. spseshea are Tempos of III
Street. Caarkdike (Si lOG and wed law to TIM thew tot aNir the
they're been eosins .s Tempos an loallasCasie specialists and N *etc .
sommillhiseg from Cairo you're having probiesos they
dosebttess b. as ruse to cissurners as they are to us

Sun -Day Driving
A,1111hrempon Dasher car n presently being tested c err sing a root /as
of Al G Telefunken solar modules oho To tooted solar energy eh. et I

Is IMO electret cerement The towall 160 N solar poser plant of the lest car
complements the dynamo and (horses the batterre Thrs means that fuel
consunfpfson can be reduced by pprosontately lo percent As yet the
cost of mantas luring these solar panels makes them unetoessfenftI
use but sloth the resng prices of heel Iles foreseeable that keys -posed s.
generhers well enter the mallet Sot only that Suture car
sill motor Int reused use of elect"( ley for 'sample oath automatic start
slop delis es and pollution -tree efectrocI energy 101 11 Conslitpomns In
Cars en aeon crooner** Great idea but shire will you put the luggage,

Tweeters That
Go Cheap

..1 11.11 11W tweeters enW tact. IlAwIlard 141\11 40 SS

WNW, petaellis eMeassahess ol an
woofer &sorsa as  lauleperreor Its -
has dome treireer. Thee tors pail
of  new loristeicit, traria' self
build aortae Lit loilserr'l being
marketed by SI Ilectromers The

St I let home s cflentiner WWI hate
614141 c fp/W:040%0-d Oh spriong.loaded
terminals and recessed aiesonticis
peewee The complete system. sheet
Wilt onto Ilse 11 Glee endows,. is
capable of handleng10 IA it nada.
lably All then 101 the small ornstlas
of 11 ISO plus S Al and 11 SO tau
oast per lit' Get tours nom Irons
III I let hone( td 1' S6 hetehoost
Meador. I ash/food Leigh -On -
Sea 1 stes SSA ST 1

Heading For The
Top

HeadlakOfbS stem to be getting
' ore. and smaller these dares
Sr nr1A1$11.1 that sill 110.6 n

'",",11 Attu... of hopdpOuwws haw
.f.. ..fed to launch a pass of Into

I./theorist/hi phones The new
nvosiel HDIO is soon lo be releases!
Mike l 11 and *eight only 60 gram
roes moth '11re/wets light contact
peessurt They coo be sisephed
sloth tether  three ea Settelll MOM
lead the seven toortr tenet/ NOM'
p0.1111/111  NAM. etwabroll r the
lead so that sou Wl hire to
march aN that say badi to the eta.
it its too loud Anoldart feature I
shot each liturlriece can be riersts-
ed on the Iveagkawd by BO MOM*
it hat.  Nees shaped heed at
of you wane S. *Oft then, twastpel
I. The Stiontturset HOOD will be
launched us the l O. with  sug-
gested selling piece including

AT of 116 SS For those 01 you en -
',tested en tech.'s( al speck If..
1110114, response as JJ to 10000
He impedance is 600 ohms
characteristic Slot en 160 dB and
distortion factor < 12o.

Electroware,
OK?

Os machos, sod Tool ILA) Ltd
haysi launched a new thstroo

aimed at pent/site the eilectrooks
uver wroth a with wide ranee ol
electron.. hatdecaelt. AN She pew
ducts in Ike 'awes Ilia be stattribte
10 *1.1V01110 161110641 M brinadwo
elettrosn impispompow - that to.
.hides enerners. students.
tetheng stet laboratory tear*
teens and not least the hobbisse
The .44Spager cIalogiert coolattot
1001/S products seletleil howl
01 s bench tool range - plus
10016, 04.1* 111141111 - and eec lades
soldetioe hens. ...e -wrapping
hits. IC tools PCBs
ewclowrtt Conn[loo 1.0C1hto
and lest instruments to name lust a
It. 11.1(11'01mM 1% doled:rated
throughout the 1 by leader" floc -
Ironic and computer stores
Catalogues are tree but send 10p
lot postage and potions It you
went any further onformation n
one of these c auto/pees coolie< 1 01
Mechem, I. Tool IS. lid Dutton,
lane lastleish Hint. SOS 4401
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Lack of ZX81 memory
giving you headaches ?

The Memotech 64K Memopak
The growth of interest in computer use caused by the introduction of the Sinc Jar ZX81 has made new and
exciting demands on the ingenuity 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 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 64K, which is neither switched nor paged. and is
directly addressable The unit Is user transparent and accepts such basic commands as 10 DIM A(90001
0-8K Sinclair ROM
8-16K 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, leisure and educational use, at a fraction of the cost of comparable systems.

FIEITIOTECti

Memotech Ltd
3 Collins Street
Oxford. 0X4 1XL
Tel - 722102/3/4/5

.pl.as. CNN! my
BARCLAYCARDiACCESS
account number

"NM M.,
Idre..C.. ~I .0. &PC .
S1^ .1'.

I

I Dale

Please rush me
Owintity Price Total I

ash RAM. Assembled t118...

I
I
IStock Control Programme t 25 00

Payroll Programme t 25 00 I

VAT a 15%Fl
I ADDRESS Postage [2.00 I

ETI TOTAL

co:
Memotech Ltd.. 3 Collins Street. Oilord.13X4 1XL Telephone (0865) 722102

I NAME
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High -res
Printing

es. Iron H. TeS nthe !mil
; 4 a high .peed high

..,lutoon peenter which cOMberlet
a new type ot pass
h ead with ad. sac ed weicreproi
temp, control lo make it elelealFir
*waled to test panting, label a. bar
code prochic loon and graphic*
output Lung 214chataeleepee-
second bodirertional two-colour
woolens and a 14 a16ohenatel lor.
mat the 4541 can produce  ...
Nally unlemoted 111.410 05 (k(
tees as well as Mlle/mat grey mks
in ge aphec pplocatoons In normal
Iatprinting applications the
4542 tetures peoportoonal spat
mg iwatoticid eighthami margin
and an miens", set o4 Ile to 611
characters on 11 national resort
toots with rediblat 1. tiogosted and
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of bar codes So be pormiled M tS
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240 mew Seim how al tiro rod pee
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mare esisinands In TaleVpbks
mode. mannlesitereeitraparosaed
10 levels el pitty/red male me
as asiablet he libuldrale saperli toles
lerompamrs carom and Magma&
at ea as peartallas
lasteatesei in applicalleni inch as
Menarapte pox.« menistorms

canipielet aided dmign The
bey b the yortmilioto 01 the 15111.
N. prim head whorl+ tomes.% ot a
MI al tune stored tone flesitek.
meta batmen mounted &teeth
ow  inadpit armature No roans
sweet Si hroncation N necessary.
rear 51 111011Wital. and a 'lloatons
mutant moans that the correct
pper,prent head distance is
shams rwaeralened 1/14114petti.
the paper thoctness or nyiniti
copies !weaker onloimat..
a ridable from HS let Dote ibutwo
smiled Trafalgar SSy Bae Hill
ambrolge SI ISQ

Small And Beautiful
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et it colour -_wrier and  video tone, when d emotes led to  y edeo cm/WM
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Sticky Clips
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Video Victory
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video cassette recorder* HD
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parametert ha a e been a hanged The mac hone his mammon I., it he be
lepoostnioned at any Ism, to enabler the user to keep in ha* ea British
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New Products

Hill STO1E0 MIPUREll KITS
From one of Britain's leading eso-
teric amplfier manufacturers comes
an exciting new package of stereo
amplifier kits, designed to offer ell
the advantages of true high fidelity
tlut without the usual price penalty.
These new kits offer the choice of
'noving magnet Of moving cool
nputs, 40 or 100 watts per channel,
r) fact, everyhthing that mode the

:)revious models so popular is arm.
-Iuded but with added style. easier

and a full two yfiarLonstruction
warranty
The New Range Consists
The CK 1010 Stereo Pre Amplifier
The CK 1404 WPC Power Amplifier
The CK 1100 WPC Power Amplifier

CK 1010
This kit contains all the necessary
puns to build a complete pre amp
The main PCB is ready assembled'
end tested therefore construction
it simply a matter of point to point
wiring and mechanical assembly of
the connections and controls to
the pre punched chassis.

The CK 1010 takes its DC supply
from the CK 1040, 1100 or, if using
a different power amplifier a PSK
Power supply kit Inputs for disc,
tuner and tape are provided and an
optional add-on moving coil input
can be fitted to extend its versa
tility I MC2K)

CK 1040
This is a nominal 40 watt per
channel power amplifier kit which
features our dual power supply
and the DC output for the CK
1010 All components such as
heatsinks, wire and connectors are
included and protection is
Provided from short circuit
outputs.

CK 1100
Similar to the CK 1040 this model
provides a nominal 100 watts per
channel with extra heatsinking and
thermal cutouts are provided as
standard

When correctly assembled these
kits are guaranteed for two years

"It would seem then that Crimson have maintained their position at the top of the commercial kit -
build field There is no oriental amplifier I know of that can better the sound of this combination overall
at any price and only a few - such as the KA-1000 (500 + I are of comparable standard . . I can
,,ay no more than that for f250 it ICK1010 MC2K 1100. bargain and one tb,-e becomes the
eference point for kit amplifiers from now on "

ETI FEB 1982

SPECIAL INTRODUCTORY OFFER 10-15% OFF!
As a special incentive to 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

avoid delays at the same time save Elf's
CK 1010 - RRP 190.00 SPECIAL PRICE [79 20
CK 1040 - RRP [119.00 SPECIAL PRICE f105 80
CK 1100 - RRP 1149.00 SPECIAL PRICE 1130 80
MC2K - RRP 125.00 SPECIAL PRICE f22 50
PSK RRP £20.00 SPECIAL PRICE f 16 80

Barclaycard or Access accepted, otherwise send C.W.O. C.O.D. 11 00 ea trd
All prices include P&P to anywhere in the U.K. Export' Write for pro -forma

rimsen I lektrik
FREEPOST. 9 CLAYMIEL ROAD

LEICESTER 114 SZD. ENGLAND
TEL ism 71921. TU134194

14 (II APRIL 1110



INTERNATIONAII

SLOT CAR CONTROLLER
lets not beat about the bush Slot cars are fun If you're as
keen on slot cars and electronics as we are, you'll be equally
appalled at the crude control systems provided in the basic
sets Naturally we decided something should be done about
the situation and came up with this protect You can have
controlled acceleration with overshoot, dynamic braking
'electronic' fuel tanks - and all from quite a simple circuit
There'll also be some advice on how to tune your can to get
the ultimate in performance trom them A must to read for
kids of all ages

COLUMN LOUDSPEAKER
DESIGN
Noons this is good stutt One ut the bugbears of public address
systems is acoustic feedback. which can be largely overcome
by the use of a highly directional sound source The directs
the sound into the audience, where it's needed, and away
from the microphone. where a isn't This article describes the
desip of a novel column I, udspeaker design that is cheap
and heellv effective

ROBOT CONTROLLER PART 3
In r,Ivil month's E TI we continue this series with the
construction information for this month's analogue pulse
width modulation controller, plus full details and a PCB for a
dual digital PN'M controller This will not only be of interest
to robotic ists but to anyone who needs to control the speed
of DC motors

ilelmi,s drervb.11 karor am on en adbawired daft .0 plograraanw
H.-er* I %natant na mot dmLir t trews b  I. Wd 4101

Hoe nould sou like 10 SOO
ost dbl.< opt about the unr of a
Wge lunanbo' Can't afford one'
Then build this one 't the mai,
gwowt in ETI neat month

DVMEG
Any scholars out there will know that D is Roman for 511)
Since V stands for volts, it will come as no surprise that this
protect generates 500 V to enable the leakage current
through insulation to be tested using the built in meter In
effect it is a high -voltage resistance meter for measuring
values above about 1M0 - hence the last pan of the name
We don't post throw these thongs together you know'

BREADBOARDING SYSTEMS
There appears to have been a veritable explosion in the
number of breadboarding and prototyping systems available
to industry and the hobbyist, nest month we'll be taking a
look at some of them Both solderwrap and insulation
displacement techniques will be examined and we'll have an
exclusive first review of a mapor new development from a
leading manufacturer Not to be missed'

ETI APRIL 11E2
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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.
Virtually 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
digital 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 a fairly good had see Fig. 1. When you hear a pure tone you

.../\...../...\ .,.E 70.11

i00.0640114TAL -OA
100000

PiTCAt  60104.400v

MOIL

Al
AI

64

AA

A7

11201.44C,

721
no
Ili 0
ne o
6400

s0
IMO 0

An 0

6.6.62061A

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 yet it is
still 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 pitch of 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 halfwave-rectif ted sine wave contains a funda-
mental plus a series of even harmonics. A fullwave-rectified 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 can pro-
duce a triangle. The triangle 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

CS

!! !!! 1
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Fig. 3 Harmonic structure of various standard
musical waveforms.
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decreases is 1/n for the sawtooth and square wave and 1in2 for
the half and fullwaverectified sinewave 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 es -en 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 I 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 what! 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, don't analyse it.

The output from an oscillator is known as an excitation
signal This defines the pitch of 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. 4 Adding the first four harmonics to construct
a sawtooth waveform.
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Fig. 6 The e fect 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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FEATURE : Electronic Music

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 Voctave
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 Controlled 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 Voctave 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 quadrant 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

0 PI

010

if.111.17Cx S1.010tC - PLoCRIO

001

IIII 11111111'

ILO% ITACa TAO* Of kAv - tI.t OfIGA
010

Fig. 7 (Above) Two typical
amplitude contours, or
envelopes.

Fig. 8 (Top right) The
standard synthesiser voice.

Fig. 9 (Right) Silicon diode
transfer characteristics.
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Noise source Generates random noise, which can be used
in the synthesis of non -pitched 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 Voctave 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
simultaneously 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 pre -routed to form a voice (Fig. 8). Modular
systems are not pre -routed and have to be patched, either with
lots of jack -to -lack 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 lust 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!

PITC14

C

Ot. 'Puy

vOiCt

DtC ttttt It N0a11IT DOS
TO SULK ettiliSTOACt Of IlIt OIVICt

104144 MIA ALA

COAL
111010.41.1

 Si

ETI APRIL 1982 19



Diode Data
T he 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 turn
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 to 1 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 equivalent to 1.5 mV,
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Fig. 10 Exponential transistor characteristics.

Fig. 11 (Below) An exponential current sink.
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therefore a 1°C change could result in a 1 27 semitone change in
pitch! Figure 9 shows two temperature effects in operation;
there is a large shift and the slope of the line changes.

Figure 10 illustrates the equations that determine the diode
operation Two facts emerge from these equations. First, an
18 mV change in Vlit will double the current lc, and second, this
parameter has a temperature coefficient of -0.33%1°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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Fig. 12 An exponential VCO.

MT vPOCT

IvOCTt1

01  02 loTot11 A WATCNIO
T II AMOS TOR AAA LEON,
00 PAP! OP AN 101111V ICA NSW

16

1114144

17277
v

0 AA TRIAATOLt OUTPUT
ow

(01)60Ills

e

/V\

-6V

14

140

11

11

1-0

16

LORE Ti

N411
wir)To
WOOS AT ION

TO -61p.

E

2

sesPVVO

I

1CP.

*Iv SAO -IV
POMO COM PROM

PRECISION P0.111 WOOL v

I T

Fig. 13 A VCO using a monolithic device.

20 ETI APRIL 1982



FEATURE : Electronic Music

tial change in the collector current of Q2. Q1 and Q2 are in ther-

mal contact and so any temperature change will effect both
equally. Thus the -1.9 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

to a linear current controlled oscillator, a musical VCO is pro-

duced

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 current -controlled integrator; the

slow rate at its output is equal tol iC. This voltage is buffered
by IC3 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 capacitance on 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 of 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 VCO is shown in Fig 13. It is a monolithic
device, the CE M3340 from Curtis E lectromusic 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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Fig. 14 A triangle/square wase LFO (top)
and a sawtooth/pulse LFO (bottom).

LEO 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

track 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; I 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 long), and the

noise source is turned on, a tone is initially heard which gradual-

ly changes into noise as the sequence becomes more scrambled

up. You can purchase a monolithic noise generator (pseudo-

random); it is the MM5837 made by National Semiconductor,
also sold by AMI with the part number 52688

so

Iv1

11084
0110u1

Fig. 1S A digital 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. ETI
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introducing The WERSI Comet
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Aura Sounds nase pleasure announcing the Comet, the "Band in One" organ,
is now available through our branches. Once again the Comet achieves the
optimum performance in its class.
II offers:-
 Numerous realistic and interesting tonal colours with guitar soices.
synthesiser and other modern sounds together with the more traditional

drawbar and orchestral sounds
 Playing aids include chord memory, WRS, Keyboard Selector. Nersi

matic rhythm and automatic accompaniment section plus much, much
more
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AURA SOUNDS LTD.
are the first company to
successfully market WERSI
organs and kits in the U.K.
Ne have modern show-
rooms where we pride ourselves
you will receive a friendly welcome
Why not pop in and see the WERSI
range for yourself - we can always
arrange a free demonstration. We
also offer a free technical telephone
support service which is second to none.

Alternatively, fill in the coupon below
for free details. For immediate action
telephone 111-6418 9733 24 hour answering
service.

AURA SOUNDS LTD.
14.15 Royal Oak Centre, Brighton Road, Purley, Surrey.
Tel: 01-611119733
17 Upper Charter Arcade, Barnsley, Yorkshire.
Tel: (0226) 3248
1729 Cosentry Road. Sheldon, Birmingham.
Tel: 021-707 $244
Micro Centre, Albany Road, Newquay, Cornwall.
Tel: Newquay 5953

WERSI and AURA - The Winning Combination

 Comet can accept up to four satellite
key boards I in addition to the 2 keyboards on the
organ - a rise man hand can play on one
instrument.
 Wcrsi have simplified self assembly even
more, with plug in circuits etc.
 Ergonomic playing table operation.
The Comet is available in the elegant lines of
the spinet (W16 S) and with chromed steel legs

TI for transportability.
The Comet. the Organ to see us through the

eighties - available now.
For more details of this superb organ, ring

us now on 01-668 9733 or write to Aura
Sounds Led. at the Purley Branch.
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PROJECT

ACCURATE
VOLTAGE
MONITOR

FT(

f

12 13

-1-1.--1-7-~r,
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This simple, low-cost instrument can be built into power supplies
used as a portable or fixed 'battery condition' monitoring meter.
Design by Simon Campbell and Roger Harrison.

Common storage batteries to
power nominal 12 V DC
electrical systems have a

terminal 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 voltage 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 S V 'above' the
circuit negative line The positive end
Ell APRIL 1982

of the meter goes to a zener which will
not conduct until more than 5 V
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 15 V
(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 full-scale
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

or

HOW IT WORKS
The meter, Ml, is a I mA meter with series
resistance - made up of R3 and RV2 - so
that it becomes a 0-55 soltmeter. The
negative end of the meter is maintained at

above the circuit negatise line bs the
output of ICI, a 723 adjustable regulator.
The positive end of the meter is connected
to the circuit positive line via 701, a 4V7
zener diode. Thus, no 'forward' current will
flow in the meter until the soltage between
the circuit negative line and the circuit
positive line is greater than S + 4.7 9V7.

Bias current for the zener is prosided
by a fIT, Ql, connected as a constant cur-
rent source so that the zener current is ac-
curately maintained oser the range of cir-
cuit input voltage This ensures the tenet
soilage remain. essentially constant so that
meter reading accuracy is maintained.

The trimpot It1'1 sets the output
soltage of the 723. This determines the
lower scale voltage. Trimpot R5 2 sets the
meter scale range, less resistance decr
it.

Diode DI protects the circuit against
damage from reserve connection.
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Fig. 1 Circuit diagram for the Voltage Monitor.
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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 Dl. 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 lot easier

Calibration
For this you will need a variable

power supply covering 10 to 15 V 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(X) 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 1500 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
(±50 mV). With a 2% FSD accuracy
meter the worst error may be about ±
one scale division.

BUYLINES

Only one thing to comment on here: when
sou purchase your I.M723 (or uA723 -
same thing) make sure you get the version
that comes in a 1099 case, not the OIL ver-
sion. The PCB is designed for the 10 pin ver-
sion as shown in the overlay and the OIL
type won't fit. Speaking of PCBs, as usual
you can get it from us using the order form
on page 44.

PARTS LIST

Resistors (all '  W, 5% metal film) Semiconductors
RI 4701 IC1 IA1723 (see Buylines)
R2 3901 Qi 2N3$19
R3 1k0 Dl 1N4002 or similar

201 4V7 400 mVV or 1 W zener
Potentiometers
RV1,2 10k cermel multiturn

horizontal trimpot

Capacitors
CI
C2
C3

4u7 10 V tantalum
100n ceramic
10u 10 V tantalum

Miscellaneous
M1 1 mA meter (see text)
FS1 500 mA fuse and in -line fuse

holder
PCB (see Buylines); meter scale to suit
meter; red and black cable, etc.

ve

M1

10-15 Vdc

Fig. 2 Component overlay for the Voltage monitor.
Note that ICI is in a 10 -pin T099 case.

BATTERY CONDITION
AND TERMINAL VOLTAGE

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 gel electrolyte
(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
electrolyte is one reliable indicator.
However. it gets a bit confusing as the
recommended electrolyte can have a dif-
ferent S.G. depending on the intended use.
For example, a low duty lead -acid battery
intended for lighting applications may, have
a recommended electrolyte S.G. of 1.210,
while a heasv.duts truck or tractor battery
may have a recommended electrolyte S.G.
of ..275. Car batteries generally have a
recommended S.G. of 1.260. That's all very
well for common wet cell batteries, but

measuring the electrolyte S.G. of sealed
lead -acid or nickel -cadmium batteries is
out 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 111/%1111U111 when
fully charged (generally around 15 'vi.
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 between these two ex-
tremes is a very good and useful indicator
of battery condition. It's a lot less messy and
more convenient than wielding a

hydrometer to measure specific gravity of
the electrolyte!

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

ETI

24 ETI APRIL 1902



.M0

Micro -processor
universal
Timer
' na mcnsabbly yersbar
.,roptarnamabl tamer car,
neural up to 20 functions
ccurstery tamed
tennis err  prod

(If  west Organ"
developed for indwell.
and Istwavetory use a
offers nano relereSIONI
and (mown
noestaters for Me
, mosso construe for
°A seed on  we programmed

54101000 7AcroPfocasesot.
 unit provides .24
hour clock well tour
mdsPendsrit rear/
COnle0414 outputs troth
 prograrnmebre cameo, one west Up to 20 dry of we, r

NAL-110116 can be WI we  Larboard Any of the Wrap, func!...r,
sispred to earilral any one col 11D tour Nis, outputs Maus prowcang
Mmoll unarmed proprimmarap poseasabes
No preinous ercienence of microprocessor propratriming 4 neCilleary um 

frehlWer 010100A0 ut fee DOSSISIS Ocerellene. CSeerty and wmpty
insbing the neepemencal user to be fully conversant *Ham one
how Completed p.ogiernme stsp are mdacatand by LEO's
The La comes complete wan bind panel and n.ey be instessd saner
as  twit An' or  he. standing. unit A statileed power wags mounted
on secierew printed COCust 0011.11 4 t-., steset the umt K alabuniss
aha appwon ola I2V. to tronseormar Thaw,  MOM on 11141 bond for
40 to four output cOnbol reams One e suppled *an the eit further wars
^Wm c.dead Hasiniblh OS flissuaned brace I radiating iscodon hoarse, as
fusbearcb EKE37 Inclusrant of VAT and DILIVINSO min ,j ."4---1 ar.e

4 PPLIC AT ION5

ogrernmstde war can povIde central control col dornm 
«trictrac/I coating. 140110 end enterteevnent OCIIM4414111.

possibertes all lonseed Gray by the orregnetsOn Of Ste mew
&Ina Of haws Ighttng to Secoureps intruders. control of TV or

essupment. sound or video macho control. foutorreSec Owl
arstennp automate goy 000r w teeding ere s few eserstples.

or the woheronel o eiduellne MAW rnertv 4011 On 11+4 MVO of Phatiess
i antral we be found

' SM020 talA
t we  W. tor se ...We hews

izs A14.4,11
C COMO% 444701.1.
" 04111.11101M 1.411.01/41101, likai ate tar. J. 'OHM 1   *4144 141.11414

 4111. 041/ nt qv
 wes .err MI

=1:44

==
IS VI

1111111

I
ma

MSC 40101010(11 410.
145. 'MO

DISPLAYS
q.v. 7  k ID .wow -
14191Cusre OWN I
art 1144411141 SONS

- =
=

= = 4
THE VELLEASAIS KIT RAMIE1 2 W  

VW. low sang ID.s
I West misoaw
Owens MOO Wan
Dewar* INC Weltillessir 'sr
ffteh eseeletallessisellen
tilicresocesese Uniseresi war
344411.40saiwwwisseest

IN sews 1.110 s
taw -sr wows we swish&
feto.VVellueersesesierroWer

Air.
Peso soon ie. sows 50 OW frwc. 

thew. sew mow
lave ape ~op1 onse
Commis. woe swami
le au mow use

essews rise red wow* tennis twww.i 
sweissi

she fed illsescsien wens. tw
redereri

CererS erne
mIlreirereeensiee rmedoe,

Cril CaoPier w  .
feareekeer 7  Arm 77./
Pprsinew

ilswe wawa. M ea we wan es.
2 snows eine ise meow 1.4484 sew

awns Wireneler I ref nor
nee 41 wafter 4 44 KAN
was  lar war
;srhavanansaswes.""srpt-4-10c:""

"...cdew.e= capoewmmbl
ley pc  A0.0 I.P.../.10 POMO. M.4 t 

LAOS eesewler
Wenner S. s.. .
$ SIAA weenie lWWl-
Ueeo a digs .0 Won moor. won-

Herselnev"11 1= samba  lb 
0 Vila saes swesese

hfarliessowserel"e" Wild essrereesicen" 110404erepers Sew.

Repo.. Service evsastste If
'somata' charge' if vow soldering
toe hniquie Is not osen what ot
Haman be'

Any vac tanIC01 emit/flee week Oreed
n wrung and will be answered

wornotty by limas

TRADE ENQUIRIES
WELCOME

VELLEMOM (1K
odP 0 Sox 20. Si loon.. as on S.. Earn Suss*. T5477 7141 TM He tangs 4424. 7S3244

"NM sand me  t.+ Ins. ranaeigvie 01 Vel'aenar ale Iron., a

Nam*

Eti

J
ITI APRIL 1102



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.

This 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

A7-1 C

Al 2 C

AS -3 C

64-4

A3 -5

A2-6

Al -7

60-11 C

00-9 C

01-10 a

02-11 a

Vss-12 C

if xAS 7516

24-Vcc

0 23 -AB

0 22-49

D 21-Vp,

20-a
19-410

1 a -AGM

17 07

16 04

15-05

14-04

13-03

A7- 1

A6-2

6.6- 3 a

Al ,4 C

A3 5 C

42-6 C

Al. 7

AO 6a

00 9 a

01 10 C

02 110

050 120

INTEL 2716

5 24 -voc

23 -Al

0 22-A9

21 -vp.

.20 -Cfr

519-A10

16-a

17 07

16 06

15-05

14 04

13 03

FIg. 1 You can program these EPROMs.

single + 5 V rail. The two sizes of
PROM most popular at the moment
are 2K x 8 and 4K x 8. Aha! 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

To clear up the matter our
programmer will program single rail
EPROMs only, these being the most
popular It 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 heart of this board is Iwo 6520
peripheral input-output chips - they serve
to generate the address but. the data and
control signals for the chip being pro-
grammed.

R1 and C1 generate the power up
reset; C4, 5 and 6 are included in for
decoupling. The rather peculiar need of the
V 0, pin for 0, + 5 V and + 25 V is met bo the
PSU and switching circuit. Transformer T1
supplies 30's AC to the bridge which rec-
tifies it and feeds it to smoothing capacitor
C 3. IC3 and 71:31 regulate this to + 25 V DC.
C2 is included in the interests of stability
Transistors Q1 and Q2 handle the switching
of V,. between 0, 5 and 25 V. This output is
then fed to the DIE switch and then to the
V,, pin of the EPROM to be programmed.
Ports A and B of 1C2 are used to generate
the address bus - note Al2 is connected to
pin 1 of the EPROM (on a 28 pin basis) for
use later with 2764 EPROMS. The data bus
is generated bs port A of IC1, while port B
of 1C1 generates the control for V, and the

and PGM lines which are switched with
All to the correct pinsof the EPROM bs the
DR switch.

Inputs to the 6520s are straight from
the expansion sockets - 02 being used to
enable the chips to reduce power consump-
tion.

and 2732 4K x 8 EPROMs 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 OE'
V, and a lines Al2 has been brought
to pin 1 and power (V-) to pin 28

Selection of the type of EPROM
you want to program is made by
means of a quad DIL switch. This
switch is unusual in that each section
operates two oppositely biased single
pole swi ches - this means it can be

A7-1 C

A4-2

AS -3

Al 4

a

a

C

A3-5 a

62-6 a

A1-7 a

AO -I C

00 9

01 10 C

02 11 C

Vss-13 C

TEXAS
INS 2516 21.1
INS 7532 U.S

24-VCC

23 -All

122-A9 2516 2632

5 21-Vorp

) 20 - - - a
5 19-A10

NC

412 2 a

A7. 3 C

A6 4 0

A5 ,5

A4-6 a

43-7

43-11

41-9 C

60-10

00 11 0

01-12 a

02-13 a

vg -14 c

\

MOSTER
776411.1

17 07

16-06

15-C16

14-04

13-03

a al-VCC
0 27 -NC

526 NC

525 Al

0 24-A1

0 23 -All

) 22 152 Vp

21-410

20 C3

19 07

NI 04

17-05

16-04

13-03

Fig. 2 ...or these ones.
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23 31102 02 PA7
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BA00 33111/10 it
"1o- Ill 17

C$1110.C9223 p03 13

42 c 7+.... ENABLE 14-1)

2

4V

ley

ONO RESET
1 34

CI
40

RI
160

20 34

RESIT

PA
0, PA1 3

07
PA2 4

03 PA3 6

RI PA4 4

Ds ea, 7

o IC es a
ar

All

iss

Ati
,61

I A,
23 Is
72

19 40

12
1442 1C4 ONO

9 DO

13

5

SA I114.0RS3$
10 I OGAIPAI 0.--LIS RI, P1/0

C2I C$2 11 cst"°0

6820-26 cL4
6140

4V 0.--0
1"4.11

rofi 837

7.5V

VCC ..-41'..-.'...."..PII424 ICE
O 0

Vp., "---43--------" PIN21 ICE
O 0

--.-Cr----13-
PI1420 ICE CS.1.014

PGM ''-t_.°)--.--.___n..
PINIS ICX PG14,411All 0

ELECTRICAL
WORKING

NOTE
02 ICI 2 44111620 020
0 3

ICE IS IC TO BE PROGRAMMED
i104 ZIP SOCKET

01 15 7143004
02 IS 70433OPDs
ZD1 IS 20V 103 ZENER
SRI IS SOV IA BRIDGE

07I-PGM All
CS PGM

VCC
24

VPP

11

55(

()V

I
T
I I

T T

WT

Fjg. 3 Circuit diagram of the EPROM programmer, with details of SW I.
ICX is the EPROM to be programmed.

TI) I

1

,C4-2111.41443.11-11.1aL43.-2-21.3.-43-1:111 0 ant

01.0001700000/717170VOOV

an ei n ls A ft 11 n a Pt 0 a 0 el 0 0

K1

JI

CI

15

Fig. 4 Overlay for the EPROM programmer. The zero insertion force
socket position has extra holes to allow for 2764s.

IC IC, RE

PnORAMSILD
%WM r

R2
11.0

R3
72s

IC3

VCC 011

V., OFF

2616

25111

1 I ., vcc ON

I v,, ON

2632

I 12532

I I

ALL 1034
CERAMIC

C3
ZDI 470

PARTS LIST

TI

240V AC

PROM PROGRAMMER
Resistors (all (4W, 5%)
R1,2 1140

R3 22k

Capacitors
Cl
C2,4,5,6
C3

4u7 2S V axial electrolytic
100n ceramic
470u axial electrolytic

Semiconductors
IC1.2 6520/6820
IC3 78LOS
Q1 2N3904
Q2 2N3906
101 20 V, 1183 zener diode
BR1 1 A, SO V bridge rectifier

Miscellaneous
SUSI Quad DPST DIE switch
PCB (see Buvlines); OIL sockets:
translormer (6I A. 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 Voo is applied with V
disconnected:The other two sections
are used to switch CS, PGM and All to
the correct pins of the ZIF socket
according to whether a 2516 or 2532 is
to be used
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BIRTHDAY COMPETITION

WIN A CRIMSON ELEKTRIK
CK1010/CK1100 100 W AMPLIFIER
WORTH £230!
tielua are lb ampir tee( parameters tr. tnr ten sou think
contribute most to a good quality sound and place them in
order of importance For (-sample if you think that Flat Frequen-
cy Response es the most important factor determine% good
ample let sound. place 1" in the first bolt

Fill in your name and address on the coupon and Int vour ten
letters On order) on the outside bath, of the ensefope Closing
date is April 30th 1%2. and you must use the coupon provided
on page 133 Multiple entrees are acceptable, but each must be
on a separate coupon
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M
N
P
R
S

Wide Bandwidth
Precise RIAA to:palmation
Separate PSU for Each Channel
High Power Output
Flat F requencv Response
Low Hamsorsec Distortion
Loss Crosstalk
Stability of output under any loading
Ability to drive low smpedance
Adequate heatsinking
Conservativelyeated output stage
Proynion of tone controls
DC Coupling
Short Circuit Protection
low Feedback
Flat open -loop response
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OEM USERS
New amplifier boards to meet new

needs
New Signals

vl:as 0,4) o ,,uNe. a r Delay and thee 6;er,era!,c),
noise reduction tedinsques with us sksody. the dynamic
range of Programme materiel  about to shoot up by 
Phenomenal 30011. If the amp you work with at Pie
moment can lust cope. ill gong to be in lencu
troika,* when faced with the new signals The den
that will result ival sound nasty and probably
246111121111 with Its high frequency energy content.

J W R hive akeedy solved Me problem for you with
than new high power PTAs Designed to meet the
exacting requirements of heavy duty P A. and the ever
more exacting requirements of audiophae use. the .

wide dynamic range modules can handle the r/
demanding of source signals

The PFAIHV
The four powerfet module le designed to run fin,*
supply mks up tot 100V Rated at 300W oontinuo,,,
RMS into 4 and 6 ohms and 210W into 16 ohms.
module can sustain, for musically significant periods ur
tarns RMS powers of 110.1 onto 8 ohms and 800W into
4 ohms. It Woo has the ability to drive 70V line
distribution systems cast*, obviating the need for
wiPensive and quality compromising transformers.

This amps designed parbcularty with music in mind
We amicipase usage often at only frOW to IODW average
fives leaving 10d0 of headroom

PFA 500
uses 8 H PAK powerfets and es designei 

produce a continuous FINIS output current of a Orr; 
and will run from a supply of up to t 70 volts. The
war delis, now continuous RMS into 8 ohms, *OA
into 4 ohms, 800W onto 2 ohms and 700W into 1 ohm

Numerous features we included in the board to
optimise efficiency. The H-Paks (thermally more
efficient than T031 we presented at ninety degrees to
the P.C.B. so they can bolt directly onto the heetink,
instead of via the usual angle bracket. The resultant drip
to heitaink thermal resistance is very low keeping
'unction tenveratures down and efficiencies up. The
Poariffat supply reds we kept separate from the rest of
the amp. This enables the driver stage to be run from
slightly higher has resulting in larger undistorted output
swigs at kale extra cost

In addition a bridge mode input can n evegable or
board permitting instant bridge mode between any two
boards without the need for separate inverting amps
Powers corrifiatably in excess of 1KW can be deliviroo
nto 4 ohms n this configuration
N.B. The new booeds extetet the ;erne exemplar 
end distortion performance of the PFA80 120

OPTIONS
r j' OrV to manufacturers

individual requirements, and 1121 our boards come with
many options (including higher slew rates. response
Wrong etc The chances we we've got what you're
looking for. and if not, we can probably do rt fa vier: b),
next week,

INTERESTED?
-.none Phi Rinser on 01 800 8367 with your application

requirement.
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FEATURE

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.

FOf many Wars now there have been speaker manu-
far toren who have marketed kits for the 'do -it -Yourself
audio enthusiast At the present time there air several

well known and resort ted firms supplying high quality kits One
such firm es Rank Hi F i who manufacture the Wharfedale range
Their approach to this market is the Wharfedale Speaker( raft
series of dm* units and c rossosers. together with the construc -
tonal information nix( essaN to duplicate thew ready built units
using these same «imponents It the demand is there someone
will supply that demand such is the case with Wilmslow
Audio who sell kits of the cabinets to suit the Wharfedale units
This resew follows the construction of the 170 system using the
WE 70 flat -pack cabinet kit

Why build loudspeaker kits/ Well. one obvious answer is to
save money. often the cost of a kit is very much less than bzol
the completed inn If you are reasonably competent at
work, it is perfectly feasible to start from scratch with lust a large
sheet of flooring grade lei' chipboard An electric power saw
makes the lob mucheasier and can also give a better edge to the
cut It is often the edges which concern people as they are going
to be visible somewhere around the loudspeaker cabinet and it
es easy to think that to get rod of the ugh sight of these will bedifi
kirk This is not necessarily 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 ready -cut cabinet kit as well - this does
not rid you of dealing with edges. but at least they are cleanh
cut'
ITO APRIL 111112

I had heard that Wilmslow kits were of a very high standard
- several people having commented upon the ease with which
they went together That son of buildup sometimes takes a bit
of Irving up to and I warted for the delivery of the WE 70 kit with
some uncertainty When they moved my initial reaction was
favourable, all cuts were clean and the method of construction
looked simple and sensible The sides. top and base are rebated
by about ' This not only gives you a better mechanical pont,
but also makes it almost imposUble to get any voids or gaps -
which is good. acoustic ally speaking It also means that with the
minimum of care the cabinet will slot together into its correct
shape with no unsquare corners or leaning sides Included with
the kit were two cardboard transm num tubes tor the midrange
units. acoustic damps material. grille material (both black
plastic foam for the reflex port and cloth for the front' nylon
grille Plugs and sockets. 3 mm wander plugs and sockets for
loudspeaker lead connections. and the screws to toi the speaker
units themselves Last but not least there are written instructions
r 4-1 hr Pieb ti) .iva-mble 'he kit

16 Steps To Heaven
'step gIC 111 1:111. onstrut !WI C% n to examine the panels for

transit damage Presumably if any damage Is noticed.
Wilmslow Audio should be contacted as soon as possible Step
two is to remove all dust. etc from the panels Any excess of
wood dust from the sawing operation can only do harm so
vacuum all surfaces If there were any buildup of sawdust at
the surfaces to be glued that sawdust could conceivably impair
any glue points and also cause the fit of the points to be out of
true

Step three n to assemble the cabinet without gluing to
check the fit It is also suggested that panels be swapped around
to find the optimum results This step proved to be most en-
couraging I assembled one unit (panels only) and held it
together with punt one turn of linen tape (no sung please - it
can bite into the corners of the chipboard and cause you extra
work later) The cabinet felt as firm as a rock No glue. lust well -
f Ming points Thus encouraged I rapidly got on to step four.
which was to paint the face of the baffle board matt black I

gave it a couple of coats of sanding sealer - not so much to get
a 'de luxe' finish but to seal the wood surface chipboard n pret-
ty thirsty stuff and you can use up lot of paint if you do not seal
the surface fist lust be careful not to get any of the sealer or
paint on the edges. as this may affect the glue pint you have to
make later

Step free is to glue the midrange roc losures (transmission
tubes) to the baffle boards, using plenty of glue to ensure an air-
tight seal The baffle boards are recessed to take the cardboard
tubes so it is easy to In, up for position I used E you& Resin W.
which is a PVA woodworking adhesive for all glue points It is
easy to apply and may be cleaned off the hands clothes as it is
water soluble lust don't put your speakers out in the ran' Light
pressure to a PVA glued pint gives a better point so I 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 m
one dose I 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 tubeibaffle point Four pieces of aPPrble&
ornately 1 thick polyurethane foam are supplied which must be



glued to the rear (outside) end of the battle tubes Wharfedale
recommend a hard rubber pad at this position but as this 1 -
foam is to be compressed to about 116" it probably is rust as
good

Step sit IS probably the most critical point in the whole con
structson procedure, for at this point the cabinet panels are
glued together This entails gluing five of the sn panels, the sath
(the side furthest from the midrange enclosures) is placed in its
position whole the glue is 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 attac herd
to the inside of the panels before you reach this step Wilmslow
Audio suggest that the wadding be fixed after the panels have
been glued Although I only learnt of Wharfedales suggestion
after I had completed step sot. I favour the W'ilmslow approach
for several reasons

It the wadding is stucktacked or stapled to the panels
before they are toted together two things may happen 1) some
of the wadding may snadvertantly get caught between the
panels and cause either 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 corners to check that there is a continuous
fillet of glue all along the point

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

Getting A Grip
tIolding the whole thing together while the glue sets is quite

a teaser I was fortunate to have a set of excellent clamps known
as let System Clamps made by T MT Design Ltd of Leamington
Spa They cost about E10 per clamp but are worth their weight in
gold for this type of pob The problem comes from the 1" thick
foam stuck to the rear of the mod -range enclosures. this tends to
force the back panel out of position Wilmslow suggest either
that damps be used or that the points be held firmly together
with masking tape It is possible with masking tape but only lust
remember that unlike your trial fitting in step three, the foam
pads are being compressed to about 116' and but one panel
has glue all along the edges and is quite capable of sliding all
over the place' I bougAt a wide webbing strap from a camping
shop to assist the initial stakes of holding the four vertical panels
approximately in place while! set up the clamps The cost of the
strap was wasted as I could not get enough tension in it to over -

X

come the sing in the foam a linen tape would have done
lust as well' If you are going to use masking tape then get some-
one to help apply the pressure to hold the front and back panels
wi position while you apply the tape Lastly, cut up a thin
polythene bag and place four pieces inside each corner of the
panel that is not to be glued it would be a shame if this stuck
firmly to the rest of the panels by, accident'

It is useful to have a rubber4aced hammer at this stage as.
having clamped or taped the cabinet firmly together. you mar
wish to tap the panels firmly but lightly into posit an A hammer
and a block of wood do the trick lust as well, but try not to mark
or dent any edges The places to look for out of true pints are
the corners remember once the glue has set there is nothing
you can do, so a few light taps now can save the day Wipe off
excess glue with a damp cloth Wipe from the centre al each
panel out towards the edge, try not to get any glue smeared over
the panels

Having completed step sn the rest of the construction is
plain sapling Step seven is simply to remove the loose side when
the glue has set (leave for at least 24 hoursl I then put a small
fillet of glue all around the inside of all points BUT not up to the
edges where the last panel is to fit we want it to go back from
whence it came'

Step eight is to place the drove units and reflex port trims in
the baffle board and mark accurately where pilot holes for the
fixing screws are to be drilled Although the chipboard is high
density it has a fairly soft texture so it is well worth buying a new

drill bit Thisensures the pilot holes are c lean and in the right
place worn bits tend to wander' Although I m sure it is un
necessary I drilled all my pilot holes lust deep enough to the
screws by slipping a small rubber skew over the drill but at the
right depth Noone could accuse me of having any extra holes
or air gaps here'

Step none 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 position and carefully drill a pilot hole through the
grille and into the baffle board I used a 1 lb" drill bit and drilled
four holes, one in each corner section of the grille frame These
holes can now be drilled out to the correct size to accept the
nylon plugs and sockets that hold the grille in place Wilmslow
supply eight plugs sockets for each grille but as Wharfedale
suggested that four would be sutf lc tent I c hose the latter Ids far
easter to line up four holes than eight' For the socket in the baf-
fle board I used a 716" bit and for the grille a 7 32" bit Don't
forget to drill only from the rear of the grille and only to a depth
of '/.'f16" The lib' pilot hole may be felled with wood filler

ITI AMOK II
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but when the grille material is fitted I doubt that these holes can
be seen If you are happy with the f mesh on the battle board then
glue the sockets in now, if not, then wait until you have quite
finished before fixing them in position Do not stK k the plugs in
the grille until you have fried the material we place I used a
quKkset epoxy glue for these lettings

Step 101S to glue the black. acoustically transparent foam
over the inside of the reflex port aperture You can use either
PVA glue or quickset epoxy. Kist be careful not to get any of the
adhesive on the foam where it es over the port

Step 11 is 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
drne units can reach thew 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 Also on step 11 is
the fitting of the input terminals through the rear panel I

smeared the threads on these sockets with some latest 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 n to cut three S discs of wadding and place these
in the midrange tubes The Wharfedale instructions that come
with every Speakercraft unit specify that throat king density of
this wadding should increase towards the back of the tube and
that the tube should be cornpletels f Ord with wadding In x sew
of this I c ut two extra discs and fluffed out those towards the
front of the tube

It's In The Bag
Step 13 is to line the inside of the cabinet with the acoustic

wadding and glue the remaining side into place Now comes the
tricky bit - how do you slide 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 into the
bag slide the bag plus the wadding up behind the tubes and.
lightly holding the wadding in place, pull out the bag Cutting
the wadding to fit round the tubes sounds badly but turned out
to be quote easy Cut the holes for the tubes smaller rather than
larger as the wadding will easily stretch to fit comfortably in
place No wadding is required on the baffle board but don't
forget to put wadding on the loose side panel before you glue it
onto place' The wadding may be tacked or stapled onto place

TM Mid, Mg iS taib of supiod in mac*
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Step 14 is to attach the wires to the drive units - obsen rng
the correct potirots (ef en doubt refer to the Speakercraft instruc
tons and double-check every connection' and screw all units
and ports to the cabinet Wire up and fit the bass unit last as the
bass aperture gives you ample room to work 'nude the cabinet
connecting wires to the crrnsover The wires from the mod -range
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 points of the final side have thoroughly set and any
glue fumes have completely cleared The comment regarding
fumes is highly pertinent if you are not using a waterhawd
adhesive There is a possibility that the fumes could affect cer-
tain plastics used in the construction of the drive units

Step 15 You have two working loudspeaker systems. so
connect them to your amplifier and sit back and enjoy your
favourite record

Step lb The cabinets are now ready for they foal cosmetic
treatment There are a number of options open to you they may
be
 veneered either by you or a local cabinetmaker
 covered in ronon veneer or plastic laminate
 sealed and then painted (preferably sprayed) in colour of
your choice
 Wilmslow Audio also suggest the use of a 'Contact' type
covering as these can be obtained in very realistic wood -grain
finishes

Whichever method you opt for you will probably have to
attend to the cabinet edges points before you can proceed Due
to the small but noticeable tolerances en 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 T here are several ways
to solve these problems but the simplest is to use one of the pro-
pnetary wood fillers Which char e depends upon your chafe
of finish

It the cabinets are to be covered in plastic laminate you can
afford to use one of the more easily worked fillers such as Fine
Surface Polyf dia. Alabasters@ or Plaster of Pans If. on the other
hand. you are going to cover them with Contact or simply
spraypaint them then I would suggest a tougher type of feller
that is less likely to crack or crumble My choice here would be
one of the car body fillers - they are easier to sand than some
of the loaded generalpurpose fillers from the DIY shop So you
are less likely to sand away the wood from the cabinet instead
of the filler'

The grille material must be stretched over the grille frames
and either tacked'stapled or glued (or both) to the inside of the
frame The material supplied by Wilmslow Audio stretched
easily and evenly. I smeared PVA glue over the rear faces or the
frames (having first painted them black) and stapled the
material in place while the glue set When set I trimmed oft the
excess material (having removed the 50odd staples) and ran
another bead of the adhesive over the edge of the material

Looking back on the construction of this E 70 loudspeaker
system using the W170 flat packs. I can only say that I am very
satisfied with the way they went together There were one or
two instructions that could have been a little clearer but they
have been covered in this article Common sense would pro-
babls' have solved any uncertainties but I chose to phone Rank
Hi Fs to confirm my conclusions The people I spoke to did not
know that I was writing this rev sew and so it us a pleasure to say
the they could not have been more helpful This entire protect
has been enjoyable from first to last

BUYUNES
Wol000lovi Ames, sell the C 040eillti W170 package (Hof pact.
*nom boa all cofroprotworis lot hoe op't-'' ) for tfa An Ell cr
nog* Wilmslow Avail,. lE/11Chofirit Shoot Wihoithro. China***
SKf IAS
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PROJECT

AUTOMATIC 4

CONTRAST
METER
What's black and white and read
all over? Answer - a photographic
negative, providing you've built this
simple and useful device. Design and
development by Rory Holmes.

contrast 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.

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

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
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Fig. 1 Circuit diagram 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 Our input amplifier has
an extremely high input 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, le the contrast

05

0.7

8
0.3

5

je'02'1,

o001 001 01
IRRADIATION Irn* an21

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 'sample'hold' 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

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
sample/hold 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,lhold 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

IT., JOLT HOLE

COmen

BUILD FROM
ALUMINIUM
EXTRUSION

ALL DIMENSIONS ARE IN men

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

dimensions for the probe; if the
aluminium channel proves difficult to
obtain, a piece of the slotted
aluminium extrusion used for
commercial shelf -racking 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 drilled 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 illuminate 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 until 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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HOW IT WORKS
The general circuit arrangement consists of
a photo -amplifier which feeds a voltage
derived from sarsing light levels in an
enlarger, to a pair of peak detectors. One
follows the peak positise soilage and the
other the peak negative soltage. The
capacitors used for storing the soilage
peaks in the followers also form part of
sample and hold circuits which are then
switched to 'hold' after measurement. Their
outputs represent the maximum and
minimum salues of light intensity. A dif-
ferential amplifier then computes the ratio
of these values and the result is displayed
on an LED bargraph meter.

ICI, a CA3140 CMOS op -amp, is used
as the pholodelector amplifier. It is con-
figured as a non -inverting DC amplifier
with a gain variable from units to about 10,
set by PR1. Although ICI can hase input
and output soltages all the was lo ground,
this facility is not used owing to the driving
requirement of the 11.084 quad op -amp.
This requires inputs at least 15, above
ground, and thus ICI's output is offset by a
reference soltage of 35,9 provided by RI,
ZD1 and CI. The anode of the photodiode is
connected sia R2 to the non -inverting ter-
minal of ICI which has an effectively in-
finite input impedance. Thus the open cir
cuit soltage generated bs the photodiode is
amplified according to the gain set around
IC1 and appears at the output on pin 6
added to the reference voltage.

The soilage at point A Ognoring the
reference offset) will be logarithmically

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 soltage is
fed directly to the peak detectors. These cir-
cuits are essentially the same, the dif-
ference being the polarity of the rectifier
diodes. Theis operate in exactly the same
way, and we shall deal onls with the peak
positive soltage follower.

Assume initially that the CMOS
analogue switch IC 3c is open and IC3d is
closed. CS will he connected to the output
of op -amp IC2c sia the rectifiers D4 and 5
(vie can ignore the action of R' for the mo-
ment). CS will charge up via the rectifiers to
the most positive voltage peak when the
soilage al point A on the non -inverting ter-
minal is greater than the capacitor voltage
applied to the inserting terminal. The
soltage held on C5 will droop over a period
of time due to leakage current through the
rectifiers 04 and 5 and the input bias cur-
rent of IC2c. IC2c was chosen as a FE T op -
amp with a low input bias current and R7 is
included to reduce the diode leakage cur-
rent.

IC 2d is connected to CS as a straight-
forward high impedance voltage follower
to buffer the stored voltage. W hen the
input voltage to IC2c al point A drops
below the peak salue, IC2c's output will go
negative. reverse biasing D4. However,
IC 2d applies the capacitor voltage sia R7 to
the anode of DS, effectively removin

leakage current through Di.
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 IC ld is now opened, C5 is
disconnected from the peak detector and
acts in conjunction with IC Id as a sample
and hold circuit thus isolating the measured
s aloes from further light variations.

When SW I is open, R8 and RS hold the
control pins 13 and S of IC3 low, opening
both analogue switches. This is the 'hold'
mode. tA hen SW1 is now closed, the control
pin 13 is taken high, switching to the 'sam-
ple mode. C3 and RS produce a positise
pulse (about 50 mS) on control pin 5 to brief-
ly short out D4 and DS, so resetting the peak
detector to the current voltage at point A.
When C3 has charged the IC 1c switch will
open again, allowing the peak detector to
function.

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

ICS is a standard LED bargraph driver,
the 1M3914. The input soltage on pin 5 is
converted linearly to illuminate one LED on
a scale of 10. Full scale deflection (LED 101 is
set internally at 11:2; the zero scale deflec-
tion is set by PR 2 anywhere between OV and
1V2 during the calibration process. C6. a
10 uf tantalum, is required for ICS to en-
sure stability from oscillation.

NOTE k = CATHODE OV +9V

k 0 LED 1

k OLED2

k 0 LED3

k 0 LED4

- 0 LED5

k O LED6

O LED7

/4(0 LED8

Nt 0 LED9

;'111E 1, I k 0 LE D10

Fig. 4 (Left) Component overlay for the meter
(showing the board uncut).

PARTS UST
Resistors (a W
RI, 3,8 10k
R2, 11, 12 100k
R4 212
RS 1MO
R6, 7, 9, 10 47R

Presets
PRI

PR2

Capacitors
Cl
C2
C3
C4, 6
CS

100k subminiature horizon.
tal preset
lkO miniature horizontal
preset

10u 35 V tantalum
22u 25 tantalum
220u 16 V electrols tic
82n polycarbonate
68 n ceramic

Semiconductors
IC 1,4 CA3140
IC2 11.084
IC3
IC5
DI
D2, 3, 4, 5
LED1.10

40668
1M3914
RPM'S
1N4148
3 mm red LED

Miscellaneous
SW1, 2 miniature slide switches
Case (see Buylines); PCB (see Buylines); B1
PP3 9 V battery (preferahls 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, sire 146 x 91 x
28 mm. The PCB is asailable from us using
the order form on page 44 - price is 12.12.
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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.

Sampling Is a process we can undertake it we want to
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 time -division multiplexing (TDM) which I'll explain
later. The other 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

11111111 .11116

IP 41/11P 411111PV

reconvert the pulses into the message signal at the rec Hying end
of the transmission line

The minimum number of samples is given by the sampling
theorem, which states that a message signal of bandwidth 13 Hz
can be represented by a set of sample values taken at a frequen-
cy of 213 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 2 x 19.980 Hz = 39.960 Hz

But the minimum number of representative samples (2B
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 on 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
bandwidth of the message signal is f -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 In Fig 4 you can see the
sampling frequency. f, is more than twice f,,, - hence there is a
gap between the highest frequency of the higher sideband of a

SAMPLE VALUES

Fig. 1 A message signal can he represented by a series of sample salues
of the signal.

TIME S

6

VREOUEilev

Fig. 1 Prosser density spectrum of typical audio signal. The higher
frequents ((imminent in the signal is L. The signal extends down to 0
Hz, so the bandwidth of the signal is In, Hr.

in tY\
21.

tAEOUENCv

Fig. 2 It the series of sample salues is passed through a lowpass filler Fig. 4 Power density spectrum of an audio signal, sampled at a
frequency of f,. In this eyample, f, is greater than 2f,the original message signal is recreated.
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Fig. 5 Sampling frequency, I. equals 21,.. A simple lowpass filter mar
filter out some of the wanted message signal.

Y\_
21.

FRIOUENCT

Fig. 6 Sampling frequency less than if,,. A losepass filter cannot be
used to recreate the original message signal.

SIGNAL 1

SIGNAL 2

SIGNAL 3

SIGNAL II

SA'

SIGNAL 6

/NO

RECEIVER 72

/ / _ 'RECEIVER 2

TRANSMISSION LINE
OPTICAL

-i RECEIVER A

Fig. 7 A simple time -division multiples (TOM) system.

5

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
used to correctly recreate the message signal.

In Fig. 6, f, is less than 2f,,, and, as you would expect, the
spec trum 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 I DM 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 operat ing
fast enough so that the sampling theorem is fulfilled (f, 2 2f._)
for all the message signals, everything is fine and we have five
signals passing down one line

The whole process of sampling and TDM 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 ( all the pro-
cess pulse modulation

a

IMF 1.110 .4110 ^

Fig. 8 Puke -width modulation. The width of each pulse %Aries in
accordance with the amplitude of the message signal.

I
I I

REFERENCE
POSITIONS

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

ID- AMPLIFIER PULSE MOTOR
MODULATOR AMPLIFIER

A/DPVIMOLIEDuTADTTOHRI'-'H

I r
MICRO/NONE LOUDSR

Fig. 10 A pulse -width modulation microphone/loudspeaker 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: pulse -width 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
beat least twice that of the message signal bandwidth There is 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
Vs ith 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 high immunity to interference and yet needs a
minimum of component hardware - is pulse -width modula-
tion (PWM) Figure 10 shows a block diagram of a PWM
microphonelloudspeaker set-up - such as you might have in a
multi -station 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 be14, = 25 uS

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's discharge
rate is a product of the capacitor:constant current time cons-
tant, which should be about 2 uS Comparator IC1 compares the
ramp discharge with the incoming audio signal - when the
non -inverting input voltage is above that of the inverting input
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Fig. 11 A pulse -width modulator in detail.
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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 linearly related to the amplitude of the audio
signal. In other words. 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
message signal.

J-L11_11 INV\
AUDIOC,LvPUT

CONSTANT
CURITINT
SOURCE

Fig. 12 A pulse -width demodulator can be built using the same basic
components used in a pulse -width modulator.

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 uS This means that 12 different, high -quality audio
signals can be time -division multiplexed down that transmission
line simultaneously and without interference - and this is 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 11 00th of that of a non -
multiplexed system. Makes sense, doesn't it!
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PROJECT

SOUND EFFECTS 1:
BOMB DROP
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.

Those 'cannon shots' and
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

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

9911191
99411114

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 Cl or R1 and the decay of the
explosion can be changed by varying
R5 (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 '4W, 5%)
R1,2,5 IMO
R3 4704
R4 20k

Capacitors
C1,5
C2
Cl
C4
C6
C7

4u7 16 V PCB electrolytic
22u 16 V tantalum
4n7 ceramic
470p ceramic
10n ceramic
100u 16 V PCB electrolytic

Semiconductors
IC1 SN76488 (see Buylines)

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

BUYLINES
Very few components and very few supply
problems with this one. The SN76488 is an
improved version of the Texas SN76477 and
'can be obtained from Technomatic. The
PCB will cost you [1.80 from our PCB Ser-
vice: see page 44 for details.

CI C2

UNK
Rt

! R1
1M

Fr5

470k k

C3
4n7

Fig. 2 Component overlay for the
Bomb Drop board.

HOW IT WORKS

C7
100u

to

m

m

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 seseral seconds
for the ramp voltage to rise from zero to
maximum value. The causes the VCO to
produce a tone which 'glides' down in pitch,
making the 'bomb drop' effect. The explo-
sion is generated by the Noise
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, P81. 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 HI11.0
Sync, starting the SLF, and the VCO does its
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 rs

thing. The Miser selects the VCO output at
the start of the One Shot timing period and
the Noise GeneratoriFilter output at the
end of the One Shot timing period. Thus the
two sounds are switched through to the
audio 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 constant of R5,
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 Cl and R I . The frequency
characteristics of the broad -band 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 C7, a 100uf electrolytic
capacitor.

ETI
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f THE 1982 CASIO WORLD BEATERS
AND

BY MMUS

Our prices are the lowest authorised dealers are allowed to advertise;
lower prices - no Casio guarantee lE&OE). Nevertheless we can
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
star *.
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--THE SENSATION OF THE JAPANESE MUSIC FAIR
Designed by a genius. Controlled by a computer. Programmed by a laser. Played by amateurs professionally and by professionals superbly.

THE NEW CASIOTONE 701
*hat s going to become THE inievenent of 199 probably the best instructnie

keybosird I have come across. But it e Moo a No ris mural retnamant Capable of satosfweg
in. the moat percent enurcon I ewer you Ors your orders now "
'1(4,Y00Kle Mum Moran,

opens up home music irking for al the truly one of the most advanced music
morn are so far developed the inrument s gomg to be ono of he biggest mien of
1982 ' Decnorars & Mew Maker),

PPM
Complete Programmable Polyphonic Keyboard
(PRP £555) ONLY 495

2

Input an entre pro of enter. spray scored in bar car and mad by  1911, Pen
attached to tha neutron,
Arrenstreely, program your own melodies (enal 346 steri, chords lines 201 Oral and
tarn00.,Y9 the krbord. into Ow extreme memory. Ivo to 5 minutia playing or morel
whh Medan; facArbas
3 -WAY PLAYBACK
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16 rhythm accomorrants with "NI $n" venation and two peecurron effect buttons
Stan Syncheo. Tempo and Balance controls. Venable Voterato and Susan 11p 6
o p picks. Integre arrOMIII rarer. Mute book AC only. Derr. 5  37 3 4 13 4 117
Optional run Foot pedals Heed case

FREE
CREDIT 0% mtrest. 'ry deport, 12 monthly repayments INot -31.
MT -9 or VI -11, of reduced rare foe longs.. prod
INTEREST 10%1 on ACCESS. B'CARO ne VISA ,C0 rust 9 months. fee any
-Moen, purchase over NO

NEW PORTABLE KEYBOARDS
CASIOTONE MT -40\.\

(ARP f125)
AN INCREDIBLE 199

Snots poryphorec playing of this 37 key 3 octave keyboard

15 key bees keytord unth autorner synchroneed bra lurcom
22 rely and metric belt -m instrument sounds and voices.

6 bud's. auto rhythms with OAS "Fill -m" rhythmic intrudes
Swum. sabot° and Pitch controls Ur outand Horror Irks
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MT 40 Weight 2.O4914 Ato Including tearer

£100 COMPUTER

"Can do the job of a micro costing four times as much' '
Personal Computer World

CASIO FX-702P POCKET COMPUTER

ONLY £99.95 Manufacturer some isduchon 1 2 E121

Plus FREE M.CROL Profersironal Pagesennryng Peck iRRP LS 951
Oe ws wA beat any lower advertised once by 5%

Eat your hearts out. H-12, Sharp and Texas!
Trys Caro FX702P %Guar The certeh VOW. capacity lup to IMO Steps rr,-
Ingest data storage crechy (up tbioV tanyernomul, and Me eldest range of moth 
and staters functions 156 in M. inducing E1egreseron and Corrabon1. teamost '

Engle/14*a BASIC PeCriesrn-wnR99 180111/4 ridthe talent OPe Stan tagresults o 
wertngl Subroutines. 10 layer, FOR NEXT8 levels Consreensnes ern. dr.,'
and Pace mOdei 240 hours battery kft 17 185 .
FA -2. Cerra adaptor for bulk storage of roger* and data, won powerful Me name /MO
nwnot control options ONLY EIS N.

Fria. Per hied copy renter. fuer 20 chractee kr work Int 40 character pr trona
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key battery de Recrepears battery pack, NP -49 rotes 13.030 knee 1131.119 Maim
edaptor. AD 4150. El

PPM Printer ONLY Dan
Plus FREE Pack worth E5, or we wit beat any tower once by 5%

SYSTEM MUM - Swear to (Id on RRP
PACK A FX -702P  MICROL Proheelonat Prowertwtwq Pack
PACK B. FX-702P  FA 2cassams inners  PPP  PROCOS
PACK C FX702P  FP -702P FP-10Pnnts.  FA -2  PPP  PROCOS

N
(13S N
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MICROL PROCOS for the 702P. Exclusive to TEMPUS
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CASIO FX-602P The World's Fastest Programmable?

* LCD eons rumenc (dot mem,
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Vonore avail horn 32 program star
with 88 memories. to 512 steps with
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Memory end program esteem:01
when swItched oft
Up to 10 pen uncondbonal jumps
GOT 01
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50 screntMe functions rabbi m
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control adaptor. E19 96
Compatible with tea F X 501P golf
EX 502,
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Or we wpi beat any lover adyarteed roe by 5%
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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
amplifier. 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 amplifiers? Unfortunately, I
can't see any of the hi-fi 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 completion, 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), I could not
say (because you haven't told me what
speakers you've got, have you?).

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 Amplifier, as I have
been on the lookout for a high-qualit,,

class A amplifier design for some time.
My particular interest in class A stems
from the fact that I 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 sound output of
a conventional 100 W system. Given
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 amplifier at loss
levels of power output. However,
before going ahead and building the
System A, I 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, I would like to see
the amplifier reviewed, preferably
alongside its "competition" in the
commercial amplifier field Is this a
possibility?

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

MECUM

If you haven't
bought me yet -
it's high 'time'
You did! ... I'm
only £24.50

It's true' Continuing our special offer (while stocks last)
means there'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 clear 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
else. Look at these 'plus' features.

 Accurate to a minute a year  Adjustable voice pitch
 Pocket size - approx. 5in. x 2'hin. x 'lin.
 Grained stainless steel case
 Useful in the home or office

Silicon Speech Systems
IA Powerlran Subsidiary)

PORTWAY INDUSTRIAL ESTATE. ANDOVER, HANTS SPIO 3NM

EASY ORDERING BY TELEPHONE
RING ANDOVER 10264) 64455

AND GIVE YOUR ACCESS OR
BARCLAYCARD NUMBER

IIF71

gRELAYS BY
El YSVIITCP
A2 Po* 0 24C,.

Cod
mark*
2ILdEISO
sior(1110

LOW-COST, RUGGED

TEMPERATURE CONTROL
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, PA/Pr. odPAor ,L1,r1- Oa, May, dr
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' al, .NOMNIETS r hi
20o
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1 0 Mu.trneArs dl torsOle,
-. AC DL L dts DC cumwo

. Ab, I  Ba,,.:3, ES

c.. MOO (2 PAP

111A 240V RANCO THERMOSTAT
wide comm. vlincp ION ,co0., Wry> Iv Ove
$1.10,

tabbrx, 4,..,.'
low*ve.n- raproev E2.7O. InCludielp contra

RANCO THERMAL
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CUT-OUT 100'C
Cod on 4I.n capons',

Cl 20
part

mounlro onlh reset Dolton

BUY ONE EACH OF ABOVE FOR (4 $6

LATCHING RELAY
WITH MANUAL
RESET
3 POLES BREAK
WHEN ENERGISED
ONLY E1.00

, ,7
--ro Styr P 0 TaLaphed.r.

4 75  rtss P&P
 El  12 10 514' CIO  01

. ,.I Mete LYAHNIL Fetroi
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VERY SPECIAL OFFERS
Rotary Wafer switches Sp 8W - [1.10
2p 9W 50p
Spring -return lever 5p switch SDT SOp
Tag -ended electrolytic 4700. 63V 75p

FREE on 'purr, Ltelt1
'01V Telephone Svtlrn 4,1
... . ,,iiiic EKi..,9 oftir

LEAL SBVICES

VA CY/2110t

DISCOUNTS ETC
NOT DELIGHTED

ADD 50p P&P
ORDERS OVER

E7.50 POST FREE
IMAM* stated othriovelse

2M MST ROAD
1.14141111611111

WANNICESNIM

TEL 0920 30622 FOR QUANTITY
ALL ITEMS - MONEY BACK IF
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FEATURE

Lowthers Is d rearonabk therefore. to
construct a lower power version of the
power amp section' It so what
modifications should be made to the
present design'
lours sincere's.
1 Jedree
stilton Kesnes

Taking the two points you raise. in
order: first we feel it is inappropriate
lot us to review our own product
against ansone ebe's. (Would sou
beliese us amwasf)'Obiectise' would
not be an appropriate word to apply to
such a test

System A has aroused a great deal
of interest and we know that a Large
number of sets have been completed
There is pmbably. hottest", a Larger
number of people still who
tackle the protect, if oily they could
get to hear one first! According's am
owners of a Ssstem A who would be
prepared to let a fellow E TI reader has"
A listen can wine to us and we II run
the letters herein Secondly the high
posses output of the amp will ' be
wasted. even On sour lowthers. it will
simply proside sou with more
headroom - and hence a cleaner
sound with better bass output on
transients

Dear kir thyrrs,
I am writing tor ads ice on the

purchase of an amplarer and speakers
combination I list ms present Intern
helms

Hornebrew 10 1% amp
Ferguson II leas speakers
factually 2 -way. Stone/
Realistic 11-907 Graphic Equaliser
Hitachi D225 Cassette Deck
Pioneer Pt 300 turntable 'the latest
addstoon9

The amplifier now cones to be or
Jny grant use in terms of power.
..though quality is more than adequate
based on 13. -Pak ALMA) 1 have

considered NAD.1020, Pioneer SA410
and also the -Audiophile- amp. the
stOSFE I amps front lb. Rimmer and
the Linsley -Hood kit from Postertran
The last three give me tetra headroom
and 1 would like to teed them into
1R18 speakers from Acoustx Research

ILASKJI114. I would like VOW opinion
on the Lamle) Hood 75 De Luxe AR18
combination plus any comments on
the other possibks"

Also. the Pioneer PL300 I hese lust
,ehr ceetainlv the hest :"?.th.r. '

hase Nun; .11 tnc pficeil-9 95i Jr:
can't help wondeorg why it gets so little
attention Perhaps you can hll me inl

Thank sou tor your valuable tone.
0 Crary.
Ilford. Esser

PS1% hen is lelscdy kends!! to return to
our screens'

The AR 1 It 1. a line unit and if sou like
the sound of them go ahead and bus
sound, a pair Lou hasen't named
sour cartridge so l'se m idea el it
matches.

Ditch the equaliser, with decent
speakers and amp, sou wont need st

As to amplifiers, from the units SOU
mention the [Mikes Hood power amps
are the best bet. but the preamp 01 that
unit is getting a bit long in the tooth
rum although the sound qualets is still
sees good Mans standards. Nast. a
!listen to the ( 'union C k 1010(1100 set-
up belore sou decode, however, as it is
in MU/ price range and often a high -
quality altern.doe

The Newer Pt 100 I base not been
able to listen lo al any length and must
thus relirin loom stimmenting upon'

EXCITING DIFFERS!
DIGITAL VOLTMETER MODULE

Fully but& & Waled.  moo.. 11 NISAV   NSA. 41.4  wove try v. meow* 10 t'  Ilea
 VOA 141Ar M..* LID 1N .. ed woomaor

-41.0

"As Ne. 111 iles  11 tam A tY row  WAS IMAM te   out* a "ID ~op. ..   Ow   Wave. Si  Si  all
 M rained ..4* ASIS.,.
woe     , AA. /ANDO    Aft Is.1 VD w. . Oar   
Temperature Measurement
A A. 5  00 .0.V...  40*  11   aleY  3-01 I.  ../ al
Power Supply 1E4.96 .vatIAA      A. Owe 0110 4.10111  155

ULTRASONIC rob Range adiustat.

ALARM 41114 "m 2'

MODULE ..01/90i2v - *"."-
Fully built

E. II ar .  - -  .
175 mew ASIA - .  4  oftIL.o.  Ae 0,    for   6.11    A .  AGO Ida 

as HO  1110 Immo

Power Supply &
Relay Unit caps VAT. Wiwi Iry  

. 4 r* ra 40* 0.. ..
.  .4 .e mrs ava.
No VW* as< b VII

 t Y. MOOS 1 10 Pry 10

Siren Module
(2.57 ..t

. -...1 
'ts Cs.A
f VA.

Hardware Kit £3.95
..111 ...I.  peon 
mod AMAIN".  AO.. Imo.yew.* 4  .6D~ 

In addition to the above a wen ranee of competitively priced electronic
components is stocked Plane telephone your ipecolic requeremems A
VAT must be arkled on all none 'Shop hoses 9 530 (Weds 9 1)

fe. stock delivery all items I hints erntlononslralan, c lI welcome
 Post snit pad. charge 50p per order  S A I with all enquires piano

RISCOMP LIMITED
Dept E T I 5
21 Duke Street.
Princes Risborough. Bucks.
Tel Princes niebarounn10114 /al MI
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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:

LONDON'S No 1
We stock the widest range
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: TI 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
15/7 BURNLEY ROAD
LONDON NW10 1ED
Tel 01 452 1500 450 6597
Telex 922800

305 EDGEWARE ROAD
LONDON W2

Tel 01 723 0233

LONDON'S No 1 RETAIL COMPONENT OUTLET
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PROJECT

INSTRUMENT PROBE
This probe will allow you to make CRO or frequency meterItimer
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
NIthat, 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 1MO 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 employed, the rise
time is degraded, and secondly,
maximum sensitivity 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 CRO, this is where your

counteritimer 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 meter:timers at frequencies
up to 100 MHz Output 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 ohms)

PROBE

<-7

C,
3.43/16 V C2 NV Mae  IS to 22V
T AMT CERAMIC

T
+ : CZ

M 781.15A ,

.-_-. T' I ' CERAMIC
I TAN/

I Ou ,251I

)

et

Design
ICs all done inside a special IC -

an LH0033CG from National
Semiconductors. This is described as a
'fast buffer amplifier'. (It has a
companion designated LH006.3.
described as a 'damn fast buffer
amplifier!) The LH0033 is a direct -
coupled FE T -input voltage
followeribuffer (gain =11) designed to
provide high current drive at
frequencies from DC to over 100 MHz.
It will provide *10 mA into 1k0 loads
( +100 mA peak) at slew rates up to
1500 V.juS, 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 is
laser -trimmed during construction
Input is directly to the gate of a

12

2 11.914

lOPTIONALI I
-1-

30V

10

RI 47R

Out

1.0033CG

9
7

D1.134
1N4001 2 Inc

C4 ten
CERAMIC

.21V

470u/35V
OV

CIO
470u/35V

-21v

1C2

AGSM/

0 0 .0
OUTPUT

-L.

ICS ".1

791.15A

R3 WA te to 72V

ca
C6 - 1 Ow 25V

TCERAIRC
"110n 1 TANIr

'AXIAL LEAD
SOUP TANTALUM
CAPACITOR

Fig. 1 Circuit diagram for the probe.
C2 and C4 need to be ceramic
Fig. 1 Circuit diagram for the probe.
C2 and C4 need to be 10n ceramic
chip or 1 n0 ceramic disc or plate
types. C5 and C6 need only be
disc or plate ceramic. See 'Bypassing'
over the page.
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junction FE T, 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 three -terminal 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
double -sided fibreglass PCB is used to
preserve the high frequency response
and the high input impedance, 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 S 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 15 V.
When driving a 50 ohm load, maximum
input voltage permissible is only plus or
minus 10 V (limited by maximum
output current) No input protection
has been included. However, if you are
only working with circuits where
voltages are no greater than about 1 V
peak -to -peak, protection can be added
by putting two diodes back-to-back 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

At this stage it is only fair to tell
you that the 1.110033CG 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 double -sided fibreglass PCB with

BYPASSING
Supply lead bypassing is important in girder
that the LH0033 can operate correctly over
the lull 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 is Via the ground and the two sup -
ph rails. Any significant impedance in
series with this path for paths) will subtract
signal from the output load. Thus, the sup-
ply rail bypassing has to present an im-
pedance which is a !far rim, (like one -tenth
or better) that of the minimum output load
impedance. Here. the minimum output
load is about 100 ohms (R1 + SO ohms in-
strument input impedance) and the supply
bypassing impedance should ideally be less
than 10 ohms across 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 sections of the fre-
quency range.

From DC to around 100 kHz, each
three -terminal regulator (IC2, IC3) has an
output impedance well below one ohm, ris-
ing to lour or live ohms al I MHz, as shown
in Fig. 1. The two tantalum capacitors, Cl
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
around 10 MHz, as can be seen in Fig. 2.
Thus. Cl and C I serve as effective by passes
across the range from around 100 kHz to
around 10 MHz Axial lead tantalum
capacitors were chosen as their 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

ve

5IP

95

Fig. 1.

CO

0

Fig. 2

Output impedance

lb 'le lb lb tab IS
...01/1.10 Iu

effectively in series with the capacitance of
the component. The combined effect forms
A series resonant circuit, the frequency of
which (that is, the self -resonant frequency
of the component) is mainly dependent on
the length of the connecting leads, the par,
titular construction 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 highself-resonant frequencies
- see Fig. 4. how. any value of chip
capacitor between 1n0 and 10n can be used
for C2 and C4. The self -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 MHz ,

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
self -resonant frequency. Abose that fre-
quency its impedance rises again, but is still
low enough for effective bypassing.

Ordinary ceramic disc and plate
capacitors behase in much the same was
The self -resonant frequency of a types al

mm diameter disc or i mm square plate
capacitor depends on the lead length, as
shown in fig. S. Thus, you could use 470pF
or 1000pF (1n0) capacitors of this type for
C2 and C4. provided you installed them on
the underside of the board with

## *
-,7

-it it
Fig. 3 Cirainic chip capacitors shown about
actual size.

.-it-Lttlfr

CAPACITANCE

1.030 10.003 100.000 1.003.004

Fig. 4.

100 1.000 10.000 100.000 1.030.000

Fig. 5.
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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
last 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, CS
and C6 to the bottom side of the
board. Now you can install IC1. 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 well? - now you 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.

BUYLINES
C eramic chip capacitors and solid tantalum
trial capacitors are a trifle unusual;
however, they are stocked by C.T. Elec-
tronics (Action) Ltd, 267 8 270 Acton lane,
London W4 SDG. (They also stock the BNC
plug should you have any problems there).
We will be selling the double -sided board
through out PCB Service - the order form
is on page 44.

PARTS LIST

Resistors (all ' y W. 5%)
RI 4'R
R2, R3 68R

Capacitors
Cl. C3

C2, 4, 5, 6
C7, C8
C9. C10

3u3 16 V solid tantalum
axial leads
10n ceramic block
10u 25 tantalum
470u 35 V electrolytic
(if required)

Semiconductors
IC1 LH0033CG
IC2
IC3
01-04

78L15A
79115A
1N4001.2,etc.
(if required)

Miscellaneous
PCB (double -sided fibreglass); RG58U coax
cable and BNC plug; TI - (if required)
240 V to 10 V transformer or similar; op-
tional 'IOW,. W 5% resistor and 2 x 1N914
diodes: wire: probe housing.

IC2

IC3

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

RG58U
OUTPUT
CABLE

SOLDER BRAID
TO COPPER

HOW IT WORKS
This instrument probe employs a wideband
hybrid soilage followeribuf fer IC, the
TH0031, with very close to unity gain, that
features a very high input impedance and a
low output impedance. It requires
regulated, well -bypassed supply rails. Two
three -terminal low power regulators pro-
vide plus -and -minus 15 V supplies from an
unregulated input.

The internal circuit of the LH0033 is
shown below. Basically, it consists of a FET
input stage (GU, operated as a source
follower. The other FET, Q4, provides a con-
stant current source for the source bias of
Q1. while Q2 and Q3 are connected as
diodes and preside bias for the bases of QS
and Q6. Resistors RI and R2 are laser
trimmed in manufacture so that the IC
meets the offset voltage specification. As
Q1 has a constant current source load, the
input impedance at the gate of Q1 is very
low. The output of the source follower
drives a complementary pair output stage,
QS -Qty. Thus the IC will have a very high in-
put impedance. a very low output im-
pedance and a gain very close to unity.

ith 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
LH0033 is 100 MHz.

As the device as 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
15V rails for the IC, two three -terminal
regulators are employed, a 78L15ts for the
positive rail and a "911 SA for the negative
rail. These can supply up to 100 mA and
have a sery low output 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 R2IC7 on the
positive rail and R31C8 on the negative rail.
The input terminal of each regulator is

bypassed to present instability.
As the input voltage is limited to a

r11111111UT equal to the supply rails (high im-
pedance load). input 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 resistor across the in-
put. Signals above 1 V peak -to -peak will be
clipped, presenting any damage to the IC. If
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
1 N914s.
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BIRTHDAY COMPETITION

WIN AN
ELECTRON!
IGNITION!
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
Electronite Design, a company
with a great deal of experience in

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 quest iot: -

(1) The standard ignitn
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 -cylinder engine,
firing the cylinders in the order
1.2.3.4 would lead to excessive
engine vibration. Give one

firing sequence commonly used to
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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NOW!
The PRACTICAL way!
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BIRTHDAY COMPETITION

IF YOU'VE READ

T his is a special competition for our regular readers We're offer-
ing a ten year subscription to E T I as a 'thank you' prise for sup-
porting us this far All the questions refer to back copses of our
magas Ise and w it I be easy if you've kept the issues' (Surveys tell
us that over 90% of readers keep E I for longer than a year')
Index issues well be particularly useful, but will not give you all
the answers F ill in the coupon on page 133 - you don't need to
ruin this issue - and don't forget your name and address' In the
event that no one gets all the answers correct, the highest
number of right answers will win In the event of a tie, it will be
the earliest postmark that takes the ten year subscription

Read the questions carefully before answering

1 Which Issue was designated a "4 Channel Sound Special
Issue'?

2 Who edited the May 1973 issue of E TI?

3 What month did the forst Issue of E T I appear in Britain?

4 What makes March 1979 good theatre

S E TI published the forstever TV games protect In which
Issue?

6 Which IC es featured in the luk 1976 'Data Sheer?

7 The amplifier on the cover of the February 1982 'Hue has
also appeared on a pres, sous cosec of E TI Which one?

THE LAST TEN
YEARS OF ETI

WIN THE NEXT
10 FREE!

!ri 1979 who reviewed Star Chess for ETIF

Who forst wrote the series "Electronics Tomorrow/1

10 The 100 W Guitar Arnold ibis (the first one') appeared
when?

11 Microfile es the title of E TI's regular computing hardware
section In which Issue did it first appear?

12 In what year did we publish a synthesiser, an LED
multimeter and an FM tuner in successive months?

11 What was "The Beast"?

14 How many parts of the popular "Electronics - It's Easy'
series were published in ETI?

1 S How mans editors has E TI had in the past Years?

16 In October 1976. who was ETts Assistant Editor?

17 Who designed the Transcendent DPX?

18 Which issue began "Protect Eff'"?

19 The 4600 synthesiser is one of our alltime most popular
protects In which Issue did the series begin?

20 DIY Polyphonic keyboards came to E T I when?

RULES
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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 compiling 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 ETI! 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 through 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 finally becoming cheaper than TTL and the lunacies! 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 a 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 idea 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 seeing 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 lust over two years since the first
TV games started to appear in pubs -
since then a lot has happened in this
field with a large number of small
companies marketing various units by
a variety of methods. Although the TV
games have received a considerable

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

"No one who has ever played TV
games has *we said anything derogatory
about the concept", Richard Fairhurst

Valeomaster Ltd., told ETI, ' they
may not like the price or the packaging
but they always like the idea".

t I i SLITS NOV 1973

Doctor Who
Ore of wit readers. Mr S

ltnowles of Hampshire. writ in
 Kopf picture he took whilst

draigning 44.1111 a Telt1I0144% 7401
on SOO nSido %with 510 @span.]
It seems he was looking far a

pulse. but he mar weft have dts
sinered the wren of time Privet!

Pet Chip
This 6/%4A1k1 appra. to thole of
you who spent your hard-
earned memoirs on  'pet rock.'

We recently received a letter
Iran an anonyincses dad who
made an apparently trivial
Christrn press for his
daughter Hovieser once then
he has been inundated %filth
orders

ETI NEWS MARCH 1940

Mr A naymous painted a
lace on one end of an Wipes IC
rouser land made  matchstick
cage for it complete
!mitres feeding bowl

The chip should ,

LATCH on to its new Ott N.'
for feeding.  few BIT. -
CURRENTS a des shout..
AMPS, lisie let et Nile ass
IR heart's costent You ...-
teach w tricks

T a %If Nrinmous Mt
ha%an I had a Rood groan Inf.

bbc get it taped
The BBC and 3,41 have collaborated t..
develop  new tape recording s stern
claimed to provide 90 dB rime nature The
system will accommodate 12 tracks on
one -inch tape at an undisc kited tape speed

ETI NEWS JULY 1973

PIEZOELECTRIC HEADPHONES

The Pioneer SE -700 are the first NO
fidelity headphones to use the pow.
-ctric effect. As the audio signals

rich the headphones, the driver
--nents of ultra -thin aluminium
cited high polymer film expand and
.1treCt accordingly, creating
 teething" motion. Tonal char
eristics are comparable to those of

electrostatic type headphones, but
SE -700 require no matching

tf ansfoerner.
ETI NEWS MAY 1975
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SHORTS
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ailed Beret - hse
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TALKING IN TRAINS
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DBMS IC4000 COOOluloCA1401.

British Rail's plans for 150 mph trains
include improved communication
systems between drivers and guards.
Alto planned are passenger address
systems.

A range of equipment known as
EMTEL - has been designed sago f -
Cally Its this task by Britain's Nelson
Tantlity Ltd.

The mein problem to be overcome
VMS the impossibility of Cl/Oyu:Ong a
special cable, running the length of the
train on which to carry the signals

IETI 'sissy APRit 19'l

LIGHTING THE WAY

Many local authorities are now using
a street lighting control system in
which a photoelectric cell measures
the light level and varies the input to

awns
moms

The equipment was therefore designed
to accommodate any continuous
circuit, 10, example, the control wires
for the lighting relays which (in British
Rail). are the only conductors always
connected throughout any passenger
train. In this case, departure from the
ideal Of a 600 ohm noise -free line is
caused by the connexion across the
wires of many relay solenoids, the
impedance of which is not only c
pips, but variable.

TI NEWS JULY 1972

LASER MISSILE INTERCEPTOR

The US armed forces may soon have
a laser missile interceptor. Air Force
reports state that prototype deuterium
quoted* laws have been successfully
tested at 'very very high' power out.
Arts.

Power output is apparently so high
that the law beam burns straight
through heavy gauge stainless nickel
steel plate.

EIS NEWS IDLY 1975

BIAS AUTOSELECTION

Cassette NIP* recorders that have been
iced specifically for use with
-hromium dioxide tapes require special
roas switching facilities
At present this is done manually

However the latest BASF 'SW
IwOrnioin duos tOO cassettes have a

'etch on the rear of the cassette fin
.iddition to the tab now used to
iwevent (mew,* of recorded Meter MI)
and, hope BASF - and Philips who
Are backing the systems - future
asset!. players will have a switch

,nechanism actuated by this tab to
th ing in the necessary bias circuitry.

ET1 NEWS APRIL 1972

ft find I. liawin. The motivated &twit is so old that it has earned Its
plan In a ressetiwn. Diwiret It snake yes feel aid? The ..Ad's grit IC,
invented by lack KM" of Titus Imenements In 195$, is one of three
exhibits ow loan from TI in Oahe for the 'Challenge of the Chip'
exhibition at the Silence Mininon The other tore aro the Wm taken
trarteliter and the fine ion& chip microcomputer.

ITS NEWS MAY traitn

a thick film heating element controlling
a temperature sensitive eivitch. The
street lights are therefore automatic-
ally nvitdsed on at dusts and off at
dawn, which means that light is pro-
vided only 'Mien it is needed and
ensures that electricity is not wasted.

GETTING READY FOR
COMMERCIAL RADIO

Commercial radio is on its Way.
anyone doubting this should tune
wound the medium wave band whore
tests transmissions are already being
conducted. Contracts for the supply of
the transmitters and the aerials have
been placed with EMI, the value of the
order is put at £160.000.

ETI NEWS MAY 1973



shorts
Tends it dulnii Ise

thel:NA ,

both physically and f.-
cially. that side of
Manna
 Now from GI - the
Cricket chip The AY -3
11010 is a programmable
round generator and is
software controlled
needling only a power sup
ply and clock to begin
lisping or hooting or

Hong Kong King
Some numbers to tick off
on your fingers In the first
sot months of the year
Hong Kong exported IS
million watches (worth
Erni) These break down
s, 61% mechanical 29%
I ( D and only 10% LED
P'el quart: tnsioeue 

t 11 NEWS (N.1 19711

BE WARNED (IN A SMALL WAY')

The Mini Bleeptone 525 is a unit
which provides a choir.* of two contin
ous signals of up to 80dea with
current consumption ranging from
3-15mA

Its apviicattoos are wide, being
ideally suited as a fault indicator
mounted onto portable equipment and
instrument panels. or for localised
warning of such things as intruders
arsd'or fir.

NEW LC
DISPLAYS f OR WATCHES

A new series of Liquid Crystal dot

PUNS have been announced bv

Bockman for digital watches These

display hours and minutes continually

with either date or seconds. selected

by a purr 0-,ottoin Contrast ratio is

20 1 power
requirement is 1 miao-

w/4dt SO that even with constars`cad

out battery
lif IS over a year C

modules are available for both 3V and

6V modals
and a CMOS compatible

Betclitnall InStruttelatt Ltd ,

Ourrensway,
Glonrothes.

if*. Scotland

I I NEWS OCT 1919

bawd Surprising LED fig
um eh'

Germany developed a
audden lust f.- tOlipse
tickers sr
leapt .

them
con.
US an.:

ETINEOS NOV 197j

forget who
not?
You know we've quit.
forgotten why we used
this photo at ail s:

we something
TV games'
editonal desks .. - 
bereft of nice lady photos
latch - SO this one app
eared as an oasts amid the
dusty filing trays

P S egoatorie the people
who make the box in front
- don't ask what box or in
f ont of what or we won't

ETI NEWS
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Companion

speak to you again -
claim to now taken oser
hat/ the TV game marker
- the magic 51% in fact

NOV 197111
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Computerised control and data
'wording eou,prnent that ca.- handle
information from up to 413 d Iferent
sources will be used in the cimnloomerit
of Britain's tracked hove/train
during itS period of full scale
develOPment

From this cOnSOltr, commands win be
transmitted by radio to the hove/train
and radioed signals from the measuring
instruments inside the vehicle will be
received. recorded and analysed

The 25-tori vehicle straddles the track
and is supported aCiproximatety an inch
above it by a system of fans employing
the hovercraft principle. The linear
motor consists of an aluminium Strip
set into the top of the track as the
motor's -stator and a complex
set of electrical winding& mounted
inside the body shill. Power is picked
up from a trackside rail

The train made its first run over a mule
of the track recently, watched by
touting experts and the press from
Several COuntr rose It performed perfectly
during the slow speed run and is now
expected to reach speeds of up to 90
mph during the next two months

The hoveetrain has been designed
and constructed by Tracked Hove/craft

300 MPH HOVERTRAIN - PUBLIC SHOWING

(TONERS APRIL 1972 (OUR FIRST EVER NEWS ITEMI)
I td  company set up by Britein's
National Research Development
Council. and would be caraole of
Providing a link between central

London and the airport planned for
Foulness its passengers cornpiet trig
the ,out ney in quiet p011uetOn het
cur'tlurtr .ier<Y,t 20 minutes

RED TAPE GAGS THE QUEEN!
la the wee anal houn of Magary
Nth 1903. liercoal established the
Gist two-way conaineueCat1011 acmes
the Atleabc llerserais:ore ex -
chanced bowsaw die
dad Theodore RocreerreIt meillPere
PAPA lUng Edward VI. To meek
the 75th anonym* of this meet.
the Cornish Radio MINIUM Club
have orproaed a team of Amy local
amateurs to run GB) NSA (Merton's
Seventy ffth Anniversary) The ital
ton was run 24 hours a Say. (Mtn the

14th to the 22nd hewn. Iron, the

Image of the Pokihe Hotel Ni sassy
Corinna - oMy metres away from
the spot Marconi used

Timemittle. oa Was. SCrai arid

2m the lows had moody glade 1 100
meter* la SI cowman what ETI
casitacial thew on the 16th' All the
equiremed was owned by the deb

iss members sod iret op foe the
week specially Ott the Americas Ude
Ins another station. KM! CC bawd
la Cape Cod K141 CC was tun by

the lout aarestapk. Masi teased,*
sub the help of the Radio Club of

Ammo./
%De for the red Preadeat

Carter wet a nem. KMI CC
arid the (News visased to wad a
eft Gin USX pest like Edward
VII did hick M 1903. The Haw
Wier taut/ this I sae did. it would
Weak a coadlticia ka all Oldish
amalean Somas - wady the ear
BMW sot elme ea 1114111111111111hesh

3rd partitello Min 3 awed Psallalsf
km the Cada& Ansterees wed the

Queers wee dealed peraossion to
nigh to Privideas Carter.

(TONERS MARCH 1971

Something
Bugging You?

ETI NEWS OCT 19W

Wthe unererne in telephone
tapped eel boardneini bow

ores Asidscael leeernational have
developed a saiipie hi Lite vet
sephammated imeresiiii one.,
Suede& NAP VIIIMPIRANK
N is called Par Scarilloct mark sward
stalest saw mews of de chase and

kacall.41 an fremixdreeeene warstraa
ear as vied as helm capable of
neetkre Sweep' searches of kik level

wean C erred in a seam le
a can als local* mat bleeper Wain,
ed he *OW

TAe Strict is nor Wowed se
the COFIVIPMAIMIll radio recenires
lame 01 MISS MM, cower the
alder frequency spectrum of
1011100 UM: and " automatic
grew, mod. suns 0111 tame to...
hones a Numale truly an that is

necessary w to press Me Locate but
Ian mai we the kandivelid viand to

=you to *here Ow bow it
the tel a the was el a sisal

blokes,. streMYIR a)t. comolior
with owe WOW, pct n444 4 alio
promma ler min usage for he
ther irikermiallem owitact ilweorel
holessmileisel led al filleldbeS Court.
Famly. Imentes, GUI771112.

CONCORDE BAN'
Whilst WO are Currently bombarded

with PR material extolling the 'virtues'
of the Concorde supersonic airliner it
is interesting to note that in the USA
Senator Atan Cranston has introduced
a bill. to sponsored by Senators Edward
Muskie and Caliborne Pell, to prohibit
overseas supersonic transports from
landing at any US airports or flying
over US territory at supersonic speeds

The SSTs which carry lest than half
the passenger load of a 747 make ten
times as much r$0014 on take off and
landing ETI NEWS IULV 1972

RICE LOGIC'
Later this summer - about Juno
National Semiconductor and Kellog's
Re to hook up on a promotional
deal Alt Kelloo cereal packets will
carry coupons for reductions on
National calculators Barley credible
is it not, ETI NEWS JULY 1976
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.perm the blades to their 44

MII I ,en;th (They're 2litt ask)
The Liart lilt in the centre of the
a.ra.

The ,rtt would he &limb, spun
ti. the phlIt,g1 radiation and
 nr,pkIC .1 rotation ever. three
minutes A square sail. and hence
utodjainnung to the stars, was released
in favour of the Medea. winch now
fight it out eel* anion 1110011111 ploVe
Uiladll system for NASA considerato

ACC AFTER ONE YEAR
Now moving into its second year of
existence the Amateur Computer Club
has now formulised its activities into a
constitution and has a membership of
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hammer fet-ish
A new range ad low cost

Si MOS power FETs in
plastic hair been intro
duced by &herein Theme
devices are aimed at
replacing conventional
bipolar transistors in 
greet many applications
Thus development in
ti Wit% tech hat cut
the price ofLigf dunces
to a third enabling them to
compete directly moth
Aquifer dr6xe.
LH YEWS APRIL 1971

CALCULATOR CHIPS NOW LESS
THAN El

Calculator chips prices continue their
inexorable fall in price. Latest prices
in the USA for four function eight
digit MOS chips are now es tow as 40p

Ell NEWS

to 80p. Ewen the complex scientific
calculator chips are down to C6 or
less compared to C20 this time last
year.

MOS Technology Corporation for
instance are selling a single chip
scientific unit for C7.

DAY 1975

Ell NEWS DEC 1977

sailing into
A 12 bladed solar tail spacecraft is A
new candidate fur mankut,l's tin:
interplanetary shuttle Desired to he
emp4oyed in the 19801 its (Int use

Well be a rendezvous with
'a Comet in 191s6

The lashogyro' sail uses a helm
zerze dre with 12 1,13(ks'

of ective aluminium
oilman dirt. awed deployed m two
den of dx ads. After hooch from
die space shortie. oratrtfupl force

vim" "S
 Ire and Is tilf4tor P"I"- besrd who
Texas 1,e 50triall

obi hornouneriintth

Urfa a bk

the %out hoc" success oh
toaltetoesuerli --hhtiontistid-

Ust1 OCT 191$
41174016`.-

Power Cuts On
The Way
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hive COIN11111101111 riot al W. Wow
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or.oloonwiii wow !WNW ea
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Thu maws. which resoles nu
iodisation of about 4115 in pone,
conotsootio% has bean incur
wowed in the Sailors G Series of
portable colour lots The dour is
Isasacalls a 90% efficient cows&
Wows die power rage* and
*Om Ira wins on indoolion

SeS1111111. Tao ressisam
wed mass la paces allahlar
wedalma mwalsaa

ANTI-SKID CONTROL

The first standard i.c.'s dOlignad
1Pertificslly for the automotive market
have been announced by Fairchild.
Both are complex 'Meet circuits dowel-
oPed over the pest two years as
'custom' circuits before being added
to the standard product line.

Ell NEWS OCT 1973

ELECTRONIC CHEQUEBOOK
CALCULATOR
A pocket calculator that will hold and
display bank cheque account balances
for a year or more is shortly to be
announced by the US Mostek
Corporation.

During the times that the calculator
is 'off' data is stored in a static sh ft
register (drawing a mere 100 micro -
amps). This data is then clocked solely
when wows is required.

The unit is expected to retail for
less than (16 and will be built into a
plastic chequebook holder.

ET! NEWS JULY 1975

BUBBLING OVER
siexi year Rockwell are hoping

to launch their now developed one.
-megabit huhble memory price'
One milk -rent per bit'
Theo device can operate up to

300kHz and measures 10 x 9.5mm
and is designed for a 1.8 micron
StrhhIr t TI NEWS SEPT 1977

Tina G lenses with its 16 20
awl 22 inch models moll operate
Woe a standard 11104161340 12 6
bodies kw IS hours. or Irom
wales Ser r long n you pro .our

All the model, lefure
airtornatic electronic Innings tow

'unary and mealier, pion minim
°prune lot retooled control. 12 V
batters and video friposioncy rotor-
lace unit

Salina products are aartalds
in the US from Salta sal ltd.
24A Tycho* timbrig html. SW u
don SN1 41Z



txtremely pure silica glass has been
manufactured for at least 40 sear
lousier than Jet aircraft have been
tri-iun I `si 11 11 o j-...

ultimate aircraft the U.S ",

Shuttle Made into tiles (corn;
961 silica glass) of whidi 34.
used, the material coven wet.
'Oft of the surface of the Shuttle

These tiles are incredible he,
shedding' devices (see photo) an,:

expected to withstand temperatuie,
if up to 126000 for 100 re-entries

alto the atmosphere. Previous heat
shields were destroyed on re-entry

tech tile is precisely milled to fit
sacrls against the curvature of the

'N!'"ISOT !1'..1t mik:na the

re 'alit fL'Ill Ina white OMt with the
.11 of fitting them to the aircraft - a

huge 3D pilaw puzzle with only one
solution out of 34.000 (i.e. 34-000 x
33,9d9 x 33,998...x I) possibilities!
Rather him than me

ETI NEWS MARCH 11177

solid state speech

It tn.- g

11111runvynt v 1
re thin
Venerate
Amerit
-*WA & it iv a D's that
talks to the kids twith a

stanidard Amen. din ace..

..ing and Ind....ate% whether
!hit Vise the right anSVief

I II NEWS Alit,. 1978

ORACLE ON AIR
ORACLE, ITV's Teletext system (see
ETI, July 19751 began an on err experi
ment on the ITV network on 30th
June. Operating the experiment we
Two editorial teams and three computer
systems. At ITN these is an editorial
team (plus computer) for news and
associated information At London
Weekend Television there will be an
editorial team preparing public service
and similar information pages, and the
second computer. At Thames Tele
vision the third computer will be used
to insert data into the nohow* during
the Monday to Friday broadcasting
Period with LWT taking over for the
weekend transmissions It is hoped
that there will soon be sets with
decoders in the main en tr ace iobbies
of ITN House, London Weekend
Television's South Bank Studios and
Thames Television's Euston Studios.
so that visitors can interrogate the
system and we how ORACLE works.

ETI NEWS SEPT 1971

WATCHES FACE COLLAPSE!
n: ,,impanies Fuse dropped

,it distia! ssat,hes due
, vela vie raging around

)ittlllt. Armin
I w,i11s an,: lactic hist deoded
inc. wrist house digit is not lot them
Those still there are sufferin too.

Bulova are expected 1,, make 3 loss
this sear. Gillette
out before they pulic.:
well laid plans to burst into the
'marketplace' at the eleventh hour

ETU NEWS SEPT 1177
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Even the cheapen
domeshc

s may
nave !DOWN,

receiver
circuitry inbuilt cording to Alan

Gregory 01 the SogrIftliCS
COlolby

IC
Orat.oh.

rOlIntlfaCtUtIrrS
of the NE545 Do

(POP
GfegOly

believes that the ncius

of the chip
IvAs,ch win b soli to

manufacturers
tor less than a 6004,

,ncltirso the price of dorneshc

,ecewell
'vers by &Pound at the most

Tit SEWS
APRIL 1973

`s( WI\ It SI
is 11 ;

'1 S.!! SIM ItetT11,.. In h i.r.t
,hr .I

I ars ',MONT.! ot .rd

an.' !h.
I ; t'

 -% Mh.t I

tr..te !Ilan I t

ETI NEWS IAN UM



A POCKET CALCULATOR IN
EVERY HOUSEHOLD

"By the mid -70's the pocket
electronic calculator will be as much an
essential pan of the household as the
transistor radio is now" This is the
Prediction made by Sinclair
Radionics.

Recent market research confirms
that increasing numbers of the popul-
ation are becoming /ware of the
Possible applications of pocket
electronic calculators. This is most
marked in the educational field, at
school and college levels although
considerable interest is also being
shown on the domestic front by
husbands and wives who are able to
US a MI'Cubit*, to help control the
family budget.

(TI NEWS DEC 1975

THE ENO OF THE AMP
A British Invention (three cheers')
could well mark the end of the
amplifier as a circuit block A new
device called a 'voltage tocurrent
transactor' can do everything an
op amp can - but better Invented by
Professor Gosling and Carl Brinker,
the device contains no passive corn
portents at all, and consists of a
network of transistors

The advantages am that It into
grates smoothly rattier than as a series
of steps, follows an input Quicker and
with a writer dynamic range. is smaller
in chip form and uses less external
components A VCT can also double
as a transformer

(TIMMS OCT 1976

FIELD EFFECT LC DISPLAYS

SiemenS incorporate dfis held .
principle in maw new liquid c 
&signer rwth low operating w

All Me i.Vii i t   1 till ii,spleys in
field effect technology hare dark
symbols on a light background and
one suitable for relliksidn operation.
all with high contrast ratio& low
operating voltage and low potter draw.
Such features allow the displays to
be driven by CMOS and other ICs

ET I NEWS MARCH 1975

Blonde

Bombshell

%ow be honest with yourself -
aren't there times dune* those
long cold winter days when
444u could do with one 44 these
in your "re No unfortun
nen' I don't mean Moodie in
the white pants The blonde
bombshells here are the
brushed aluminium boxes of

Terryphonies new solid
state intercom units

me intercom which doubles
as  *runty and alarm system
consols of a master unit and
from one to nine subunits. The
system is easily installed in
awns conAgurations

Simple press button to talk
operation is featured on the
master and sub units Each
sub unit can be called indepen-
dently from the master unit. or
all sub units can be called
simultaneously Pressing the
self latching security button
allows noises from children,
equipment burglars. etc to be
pocked up and transmitted to
other parts of the premises So.
the intercom can be used as a
security system in small
tirminemes of a baby alarm at
home

Each sub unit comes com-
plete with cable and cable
hung pads tot E311 each The
master unit costs CaS and
comes with amrropluganda
scrirodnver Talking of Slonda
- she can install mi Wert t te^ tn
my office any tom

Further details of
is asilable from 11 I '

ryphone Station Appr,
London Road &rester t is440

TBZ
SEWS IAN 19110
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aellitere.
irosses Togas Istensaussal.

Pharr keret.
Ana 511111 St  LW

I seer Si,.
We were wort Messed to reed the New* -CIL lea heliels" lis veer "fay logese TM

Chigoes' Seed Aefeeefaseen le eisespelodad Si" %he etellebillehment
of a VNII Canoes' Mod

the UK aid awes with smile an the SWIM yew smais

Ile lies peepeeed beeheileel pregraeal leg s VIP MI CepreenieW ieldieb isTesseest

to the Howie- Ofem
for Warmness and eastame  wrissiber of *maw*

Intl& ' nand sullen tress Ms of the iffsademinem 01 nene91601 99111 -

melon,
. Wodolstios shal be em wtath  mans mobtere of TV!. IK1 nod 5ii

t beesikers
I. trasonsteer Woo* somns an swimmer lestlinsa rasa wIttelt is linsimitried

reserimr the lishooli Yes le delleffeeed. This nevems Jut Wiese isesellbs
Ottress' Ord

no r be kilesta
I.

nedWoe *mid tor hooted to it seem* t.. 'wrest elkasselli byline

stosemobsoil

.bower
tram ter above. sad a be plainly seeeireeel proptieels enesevrisied fdasederds wbee ii

be hgeetternieti t. prmst Intpfr t....(Pwr tonebre but M1
MINA

wondpvesiorigly

Vuotste

Cittorna heed eppriposiit nut ..1 UP. Prpitept.  helse that  110111116

 Wiwi Om* fume  mannissisa of reaolistions

Simmer** of the CPA is i I Pe pa. ha Siedividefeh sied is foe dabs

Yt.iin tastefully.

Jamwe 511 Sys sat.
Pressdest. Citifens Seed Asseelellea.

ET1 NEVIS OCT 1976



STEERING WHEEL' WOT STEERING WHEEL?

We had a very careful second look at
this photograph. vowed to give up
wine, women, and especially song,
(for at least five minutes) then decoded
yes he was in the back seat, and yes
the car was moving Visions of a huge
hoes flashed to the editorial mind -
frenzied navvies rushing about with
the backdrop to simulate movement -
tiny men crammed into the wing
mirrors steering via Cunning Chinese
arrangements of levers and gears The
mind boggled

Alas the answer is nought so scand
Now. Ouite simply an Australian
electronics enthusiast hat packed his
car full of voice recognition and MPU
circuitry to the end that it will now

obey verbal commands - even by
walkietalkie up to a range of 12 miles
(Naturally it obeys only its owners
voice)

The car has a CCTV system
installed which enabler the driver to
see behind him - very useful in inion
country. Infra red sensors peck up red
traffic lights and brake the car auto
matically no we're not ioking
Radar ranging maintains  constant
distance with respect to the car in
front, and sensors apply the brakes
should the car come too close to any
object - even people

All this makes it a better driver
than most of us

ETI NEWS NOV 1976

right hook
In a hisi.nt ruhns the t s supreme I. .run
hat currhmseel that pm NV Inds duals Nese
the right to bus or make their :.vin
telephone equipment and t. rvx. i r to I h.

CS trIrphtertr nettt,rk
L Agee the ruling it ova

6.11) J. 111.0 It e. N the user 111111Shr%
ontrolled sytern 'phone

Ell% eller inenv vs &alleys pisturrphones
et, Thy 5101% restrict eonis that the

het must meet the mkt ant PCL.
rt..1111,1,1"111:

ETI HEWS APRIL 197111

Electronics manufacturers throughol.,:
Europe art receiving  Win of
unusual isles Whets from 
manufacturer of specuthst
chemicals used in the making of

DIGITAL RECORDING

Japan's Nippon (olonitiu ...Impart) has.'

devidepsel a thjeld 'hording tethreque
Thr my agaspincnt. mod to ...st ,iset
a125.000 tY eider code Plbodubtban.

Ashentar et this to tamale is its lineal
kimpetvioeueas to noise and dirsortron
I t.fthr! e .

ETI NEWS IAN 1973

LASER STICK
FOR THE BLIND

A stick specially designed for blind
persons gives the bearer a loud son,c
signal in the event of impediment in
his path at wrist height or above. The
new device was commiss,ioned by the
Swedish Institute forthe Handicapped
and work on the protect was initially
financed by the Swedish Board for
Technical Development (STU). The
prototype stick comprises a 1.3 -metre
long tube made of glassf lore -
reinforced plastic. To it is attached
a gallium -arsenide laser, a midget
transmitter and receiver, and an
amplifier. The power source is a
tiny nickel-cadturn accumulator. The
laser beam's trasectory is almost at
right -angles to the stick's length, and
as such sticks are normally held
forward at an angle of about 45 degrees
to the ground. the is directed
both upward and forward. The laser
sends about 1000 Pulses per second
and when one of these meets an
object - such as a lorry, car or
road sign - it is reflected back to the
stick. where it is electronically Wine
formed into a sonic warning signal to
slot the bearer. Ell NEWS NOV 1972

printed ,cuit boards.
Dynachem ars sending out four

kaallets spaced at regular arteries's
On the front of each will be printed
 tantalising part of the company's
DYNAGIRL, an values's, young lady
well worth  second look By keeping

',rot will b
to busk, up a complete picture.

On the reverse sides will be
information about the company's
range of photo -mists. plating
solutions, brighteners, cleaners and
ancillary chemicals.
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 KEYBOARD KIT
BUILT
CASE
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411p
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MUSIC BOARD

01H: to 2Mkr
Programme by BASIC

20 75
25 50
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40 typawntr luloyS.

As graPhiCs etc shown
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RAM pock °mown not enacted.
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AA suws supplied.
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16 95
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REDDITCH ELECTRONICS
DEPT L T1

21 FERNEY HILL AVE
REDDITCH
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Et97 4RU
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Programmed by BASIC
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Mini Discs
Compact DosePrills.lated IMions

and PeMarano has*

threat Sudo Se den% rye Inc prn
elution.% these onnepnor are
onanonenn In the Whet that thn nos

STEREO CONTROL UNIT
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CARTRIDGE PERCUSSION UNIT

Bandmaster Limited of Gloucester
Street. Glasgow. have designed a
rhythm unit called the Powerhouse

DIGITAL MULTIMETER FROM ADVANCE

The rig things out, the ad... :Ise
dorita' atY soon he droccod stun talking

41"...41 1C11 MO. adsantages of &pull
readout arc oorruhelmona compared to the
standard Melo tallish hat of snow an
analogue roadosoll and most nc* quail)

test equipment utters duct digital readout.
Ore of the nrantly istroducod MAI% is

the Alpha from &Inane Electronics. am -
ewe the main attractive feature. is the
price `

IT I NEWS IUNIE 1973

Much uses mull. track continuous
tape loop to produce multi by syn
duonised perCusuon rhythms.
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The MIN, mete, adl fell a1 n.nnld
SZO in the 1'S IT I NEWS DEC 1977

COLOUR PREJUDICE/
Official figures for th number of
hornet with colour TV's. t e those
with a license. have rust exceeded 50%
of ow total. Some inset mortals
night well be tempted to coniecture

hew high the total would be if the
braitCWiad felons In our midst Could
be stood up and counted. Naturally we
refrain from any such thoughts.

Ell NE WS DEC 1976
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TELEPHONE COMPONENTS

Htgh-standard telephony today relies
on components and function elements
whose deur and properties render
them equally suitable for use in
completely different belch. Read-only
memories, MT components, keylock
connectors and automatic cutouts
are some *samples of such comport.
ents

The MT (magnetic -core transistor)
component developed detection of
switching criteria in dc signalling
systems. has a magnetic core with a
rectangular hysteresq loop to detect
signals 1,vhch are amplified by the
transistor. The core and transistor
circuits are operated at the one
potential and the defined Vet/NO
statements can be evaluated electron-
ically or via relay circuits.

TI NEWS APRIL 1973

PLASTIC BOXES
Veto Electronics Loaned hew teem*
beanie distrtbacin fur the 060,8010er

emesteffeserk taw of pawn products
Mach Iodine a nape of plawk bona.
Then age wanefactind hem MO Impact
pelyetynae. Mods ks doable for warbling.
erspanog end OW screw prkusag. Tlor
upper peened' of the boa te coloured Ilan

litter es provided with owns' bum ports
foe or not boards. The bows as be free
neadasi or wall mown". and Would pro -
Ode an attractive 1111(10WIt tor reader's
propos

Vero flectroun Lamunt Industrial En
on. (miller'. Ford. I dirtik Henn
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A

 Polowad are about to Mean
ea weiwilitk focusing Cagniell
that win as ultra -sonic tram -
duper to meamwe dewasace

 COMMelare mores la the US
an omens up literally every
dap -w hem met hoard that
TN haw been identified by
emardart moaned an tante.
don M addltion to those den -
ceded to Home computers.
Mike equmeneut suppben and
camera shops are at the fore-
front when it comas &openness
on the bandwagon; even
Madge worse Are now got a
computer departawat in some
of thaw norm

CMOS IN PLASTIC PACKAGES
dolmen SeaUconduCICirs have just eareen
cod that )9 donors how thine stasedird CMOS
lopc f ant* on Now anflable ks *au
peckaps In the past. arransk packages haw
been used for ell CHOS devices
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FAIRCHILD TO MAKE
CONSUMER PRODUCTS
The USA's Fairchild group are actively
planning to enter the consumer
products market, according to a
usually reliable source.

Fairchild's first products are believed
to be a low -end of the market one -
chip hand held calculator with &12
digits. However several industry
cornmentort query Fairchild's ability
to produce the necessary MOS chips,
Quoting Lester Hogan's (president of
Fairchild) own description of his
company's performance in the MOS
held as 'disappointing'.

(TI NEWS TUNE 1974

SOVIET RADAR BLAMED FOR
HIGH HEART DISEASE

A Russian radar tracking station near
the Finnish town of I lomaritsi may be
responsible for a sharp increase rn
heart disease and cancer according to
Dr. Milton Zaret, an American micro-
wave expert.

The Finnish border towns have the
highest rate of heart disease in the
world and cancer has increased
inexplicably.
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the little cb that

santa forgot
arms Sod  Who

etaostatormismood oho wcitalsoo their
immoodwws
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dist Koss mooed

 boo *sin to fen.. :=
beim. owl &dal
WIN 111141* wanted to comet WOW

- Doe egos the maden.
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BLUE RESEARCH
Your choke of LID colours
Eight include blue in the sot so
aslant future The new desires
being arsefoprd bs `siemens
use oilcan carbide and are per
chchrd to have a halliard sot
side drop Si 4 V at 30 onA
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 Sorry° have donaostrand a 
ma thin solid Irate pew and
black wievielow The duy se
tank out of 6.144 green UM in
as arts only SO Inns by 73 mas
They hope to have a COillAler
dal urt by 1191
 A radar hard overwind de -
twin as se use WI the US of A.
the wit -went your 'peed

an412VM %real
SPEED. The salt le any Mac -
eve. only problem was the local
hot.roddare env St to check
Wan top wear hold!, solved

Irting dim* to TS Inateed

[TI NEWS SEPT 1971

Watch This!
I sour? s.ck or &petal matches

Ohow about taking a look at thn
watch 'tom (Ingo Its Jill smile...*
but *eh a daterenc It s lulls
e'f(1,0411( and has no mos ins
.arts It uses LCO and has c omen

trial hours minutes and sweep
Honds hands The Model ANICI.

desired to be attractive and
iashionable. Sec, colour matches
the synthetic strap Hour position,
are marked M. standard Roman
,urnerah and all the time while.
evil adfustrneets are handled by

tau buttons Is reports the compact
gold plated weir h case sample end
uncluttered The &kolas thorn
Hour and minute hands 'me
urs onds ndcation is by a that
"0..9 Nand of as a serer or marts
on the tare rd.", to show ac

urnula ted seconds Acc vrac Y is to
within I S Woods a month 1111P at
s2 CIS but products of that hp,
are °rte.% sold cheaper I unto", in,
tormanon can be obtained front
Casio 1 lectronas Co Ltd JO Scrut
Ion Street London ECja 471
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NEW CONTROL SYSTEM FOR
SLR CAMERAS

Electronic shutter speed and exposure
controls can now be built into single
lens reflex cameras without rnechart
Kelly modifying the camera bodies or
lenses

A new control system, developed by
Matsushita Electrical Industrial
Co: potation, measures the light at a
preset aperture (in less than two

milliseconds, and then sets exposure
time accordingly. Control range varies
from 0.0005 seconds to four seconds
- dependent upon lens aperture and
film speed.

Prior to the Matsushita development,
it was necessary to have a light
measuring device accommodated
behind the main lens - calculating
light intensity with the lens held
wide open. ETI NEWS JULY len

irad: i ,-PrrlArly

A new edition of ETI starts this month - Elrad in
Germany The name Elrod itself means nothing and is
simply an amalgamation of electronics and radio It is
being published by Heinz Heise in Hanover and is edited
by lido Wittig ETI NteS IAN 19711

COSMOS NOW CHEAPER THAN TTL
FOR MAJORITY OF DIGITAL
SYSTEMS

RCA has announced further price
reductions in its C04000 rang. of
COS/MOS integrated circuits. The
reductions range from 35% to SO's
The biggest price reductions have
affected the more established MSI
devices of the CD4000 range, with
many types being reduced by over
50%.

As a result of the price cuts, many
of the popular TTL devices are Cuff
ently more expensive than the 'Qum
411,nt COSMOS functions.
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PLAY ALONG WITH -RCA
Single chip I/O for video games is the
!audible aim of messes RCA To be
introduced in January the device is
Primarily a vertical and horizontal
synching circuit designed for use with
RCA's 1807 MPU Price could well be
around El7 when and if introduced
into this Country
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Right - now yOu rre stopp.
staring at the picture can we
proceed with this month s news
Thank you Once again Our old
trends CBM have managed to get
$n on the act The above watches
- yes wratchwe - represent their

ETI NEWS IAN 1977

RIDING HIGH
The next step in America's space
programme is the tesing of NASA's
space shuttle Landing tests are to be
carried out in mid 1977. Amazingly
the machine will be launched 'piggy
back' from a Jumbo 7471 Several

lights will be made to ensure stability
before the shuttle is actually released.
Trust Americans to build the worlds
largest airliner and then carry people
outsrde it1 E TI NEWS AUG 1976

watch market - with the 5 000
series All three use a common
modulo with the casings making
for a price range of
E17 50t21 00
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CZECH ON CALCULATOR
PRICES 1.11NEMS MAY 1976

A typical dour Czech day The rain
sleets across Prague
Somewhere in the back streets wen!
sway from the patrols and the
populace Ivan scuttles into a dings
corner shop

There amid the Western papers
and naughty mega he spots the
object of his desires

Eyes alight he lifts the
proscribed machine from the rack
and Camel it reverently to the
counter behind which stands the
owner

How much> he stammers
hands shaking

Novus 650 comrade' To you
1:172 Cloned the border this
morning right under the army s
noses he looks around furtively
and leans across the counter
whispering

Interested in the REAL thing
eh comrade' Ivan nods The man
mocha below the counter and
produces a battered show box
Ivan s eyes are wide by now
riveted to the lid as it lifts Inside
lies a full frontal scientific. a HP
45

ivan faints
Now before you dismiss this as

merely the alcoholic follies of the
ETI staff following a party let us
inform you dear reader that whilst
we may be guilty of slight
embroidery our flight of fancy is
besed on fact

It seems our Eastern friends
consider pocket calculators to be
highly prized items and will pay
vast sums to acquire them What
would cost you or 1 t7.Our Ivan
would need El 72 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 smuggling is that
calculator ships are not produced
behind the ferric curtain and the
machines are banned from
importers lists by the governments
to preserve foreign exchange as
their value is so high

I wonder how they count it'

FOUR CHANNEL DISCS

In the UK the EMI group have
announced plant to 'Neale wan.,
phonic discs - using the CBS develop.
SO Matrix' system - in April
The company claims that the new

Oasts will be fully compatible with
existing stereo equipment

ETI NEWS APRIL 1972

COMPUTER 'ON A CHIP'
WITH CASSETTE TAPE

A new byte -orientated micro computer
with its own in-built cassette tape
backing storage has been produced by
Computer Electronics Ltd, of Saffron
Walden. Essex, as part of its rang* of
cassette taps data systems.

r7111110't

Believed to be one of the first
'CarOCeSSOrs On a chip' computers to be
developed in this Country. the com-
plete computer fits on one of the
company's standard printed circi.,
cards. ETI NEWS AUG 197)

CALLING ALL K9s,
R202s, ROBBIES,

C3P0s, MICROMICE
etc. etc.....

ETI is very keen in getting a robot
dialogue going

Anyone out there on
the other side of the printers ink
interested in robotics. especially
anyone actually building robots
of WHATEVER complexity should

contact us here at ETI.
If possible how about some photographs
of your machines' They may well be
in line for an appearance in ET! So
cocoa on, lets be hearing from you
ALL of you  take pen in hand
for get the robot to do it) and write

The Editor,
ETI Magazine.
145 Charing Cross Road.
London WC2.
Mark your envelope

"ROBOTS"
So we can deal with it

with our usual
machine like officer/wiz

TV GAMES LSI CHIP AVAILABLE SOON
Rumours have been abounding for about a year now that
an LSI chip for television genes was being developed.

We now have definite news that Logic Leisure, a
British Company, have produced a chip which will produce
four TV games, with two variations on each, giving eight
permutations There is score and sound facility Type
number is not yet known but the chip is suitable for both
625 -line, 50Hz and 525 -line. SOHr.

It is hoped that the chip will be on sale in October and
the price tag is going to be in the f 1 0-E12 range (plot VAT I
U Y, distributorship is in the hands of Television Swots
Co Ltd , 6 Half Moon Street, Mayfair, London. W1Y 7RA

ETI NEWS AUG 1975

brWfnemm
NASA have received weak
signals from Skylab for the
first tame in four years
The posedidny of sewn
It deeper into space is
Wong reordered
* A study by the Amen
can National humus* foe
Occupational Safety and
Health (Pilsoals) has con
chided that VDUs m use in
the offices of the New
York Tunes are not res.
ponelble for cataracts de-
veloped by two copy
tors dere

Ell NEWS SEPT 1979

Hitachi MAGIC
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rom A tirni ailed LOWS %tell cornet
the MI, ro :0Ni to rise into our News
Iheest with carefully measure...
cm, in Thu instrument gets
101 the hest innovation of the c. ,

already' A digital micrometer no less
As you an see from the picture, it

actually reads out a measurement in
users -segment format Goodbye set.
nicrs It has so many features and ad
san;es. it is perhaps hest simply to
Int them.

A:curacy to  0.002 mm., with a
'constant force' spindle and self.
calibration facility. As soon as it is

svoched on. the 2000 self zeros
The /efts reset means that it :an be

used as a orinearaior against a known
standard, and cirtations from that Can

BRITISH' PRECISELY'

be read directly. Also us awkward
situations, the instrument ian be

zeroed. utilised, and then removed ti,
be read ETt NEWS l WOE 1177

Sat 54

Well. it was Sawa. 3 a.
bet the plot b readials.,
that ace old Mairkr
webs. The rat 'LI 111 '

however
canvas 
lic

.

I !.. .

cation Wedge aseoweis he tl
name of Sefton 3. wad It
RCA. 'to es. Mad yew,

kb
ep a a pen of unokir

k probably Wand or r
ea) heck to Earth NAS
to ware es that it
another Skylab i-
sou oredn't den
44,1,iti wilt -rata si

ail situ% u Ai (11 199)

Text To Talk
KufbolrflComPaer Product% or

avilindpe Messachusseth
tits &winced a macrune to turn

rills Inf ink, VIM h
The machine contains an opti-

cal scanner.  smell compuier. 
woad ands/user and a loud-
speaker wet

The page to be mad is placed
witv She sr anteing unit whir h Oren
c (Inserts the *rem lit b chset.i
swats he ale (ampler thi.
reviewer then c rimers Mem ire..

-
(11 NEWS APRIL 19110

HP AT A (CALCULATED) LOSS;
Hewlett Packard - renowned for their
uV market calculators, are apparently
running this section of the business at
a loss Equipment and other activities
are keeping then in the black, and H P

cite the delays occurring on the intro
duction of new models as Int cause for
this Also named as a culprit n ''severe
price erosion in the pocket cakulator
marketplace" Pick the bones out
of that ye rivals of the beat.

(TI 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 a unified
system of data broadcasting.

Until now the BBC have been work
mg on CEEFAX. the IBA on ORACLE
Both systems allow a TV viewer to
select at will horn a number of differ
wit 'pages' Of information and put
these onto his screen.

(II MINS IUL`r 1971

Junk calls
From the land ilia brought us
Moak and Ilitrus comes the
Junk call - the same as Junk
null but verbal' A machos* is=snesed to dial up to 1000

 day and make a pry
recorded sales pitch, unlike

rex:are Is no way of
while the cab will he

junk or not ay dieting up
ouribers trout Mel to Mee the
=athlete &sloop everybody
who answers as a pante/Aar
flick/ince even if .` r

it holds the bag open wail the
pitch is finished - this has
caused emergency cane to be
delayed us seaweed's'

Tea states are considering
leglideuon to areal the sewI rear -lei However

=rd ammo Airlift.
aid polliklena Rene

pee* wain an electronic ode
thanks' Was to be avelogred,
although ersbaly nuns sure
how it would worn What
nrists

F 71 NEWS SIFT 1011

ELECTRONICS ENGINEEP
SALARIES FALL BEHIND

The 'Survey of Satan's% published by
the Management Survey Centre this
August, shows that the salaries of
electronic engineers working for large
companies have stagnated whilst other
engineen. salaries have increased.
Senior chemists have done best their
salaries have increased 3-4 times more
quickly than the average.

For a senior professional in develop
merit (with mayor responsibilities) the
median salary is C4,174. for alec
tronic engineers in particular the
median at this level es 03,720.

ITINIMSOCT 1973

:JINGLE
IC CHIP

in 1972, JVC first introduced their
Automatic Noise Reduction System
'ANRS) into their top -range cassette
decks Since thin, ARNS ha been
incorporated into a wide range of tape
decks Recent improvements 'lowever,
n cassette deck quality and the peer
.thirty of "noise -reduced" FM broad
cats have meant improvements in the
Quality of noise reduction systems and
the application of these systems to
components other than cassette tape
decks.

To meet these new requirements,
NC has recently completed the
development of the ANRS IC

(TINEWSOCI 1971



A Preview from the Next Issue of
AMBIT
INTERNATIONAL'S

WORLD
IO7-1 AD

rjLECTRONICS
CONCISE PARTS CATALOGUE

The LOWEST PRICE

Full -Spec. NICADS

in the UK

D

1-9 £3.05
10-49 £2.85

C AA PP3
£2.35 £0.80 £3.70
£1.99 £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, Nort h Service Road,
Brent wood,
Essex CM 14 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.

Nr..s post in of a new piece of British c sr; unrs genus This is
a ness protection circuit, soon to be added to a famous
manufacturers product. which is claimed to make an

ampbtort total!), invulnerable electrically
Totalls in this case means "even from 240 V mains at input

or output Ultra4ast relays are set at the output and on the sup-
ply lines to the PCB These are driven from the new circuit.
*hot h 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 tootet tx)n 'bun operates like this it an amplifier is

suddenly faced with a massive input signal the rat to of the feed-
back signal to input well drop dramatically A comparator
scenes the change and a low -feedback signal is generated This
by itself is sutfic sent to trip the suppls relass so that the
oserkud cannot be passed on to the output stages, thus
destroying them - and probably the speakers

A second block within the c err uttry watches the supply rails
and any surges which are outside the requirements of normal
drive w ill trip the protection tic utt, since this is a "lowitiedback
likelihood situation" as the designer puts it Great play is made
of the tact that the music signal and the feedback voltage are in
antiphase at the point of comparison. so no interaction within
the buffer is likely Antephase reset'. as it is called. thus in-
troduces no colouration Hence the protection reset of the
relays can mug either in the case of low feedbac k t(»ignal
ratio, or in event of an "overload likelihood I suppose this
wtw're the somewhat pompous title of the circuit is derived -
Ants -Phase Reset In Loss Feedback (Or Overload) Likelihood

Shure MV3OHE
A dedicated nttshoot of the renowned V15 IV design. the

MV)OHE is for use in the SME Series III or IIIS only The car
tridge is built into a SME carryarm such that no headshell is
used, or needed

The moving components are those of the V1 S. save that no
damper is provided The can ndge body is all new. however and
quite a few problems it must have given them getting the coils
and poles into a body as SlaTI as this The design is so arranged
that the point of bearing intersection and the stylus line up
parallel to the record This will tend to aid stability in the replay
of warped records

As in the V1 S a hyperellipt KAI stylus is used. which will give
lower distortion results than either a spherical or elliptical tip
Tip mass is commendably low and output level is on a par with
the V1S IV

Once fitted into the SW the MV)OHE looks very smart in
deed is and visually extremely classy'

Testing an Armful
In the lab the MV 30HE had an easy time passing lust about

every test It tracks as well as the V15 IV and measures slightly
better There rs no higher technical accolade than that The LI
resonance came out - surprisingly - at around 16 Hr. a little
higher than opt mum in my opinion Best values are somewhere
around 10.12 Hz so as not to affect eytrerne If reproduction
Best tracking was obtained at around 10 g. and no improve-
ment was forthcoming for increased force

Frequency response was boringly perfect at 20 Hz -
20 kHz t 1 3 dB with a separation figure of 27 dB at 1 kHz
Compliance measured very high at 34 cu. so only the smallest
damping paddle is required It is required however - see later

Instructive Stuff
I he instruction booklet is worth a special mention It is a

straight 'copy' of the SME style, right down to the little diagrams
with tic ks and crosses for right and wrung answers Some soot of
deal has been struck here. methinks'

One point that I pint lace to mention here. I could not.

At long lot Quad Mot rlisased Mow nrar tune,. tat FM 4. 11 (Tas
doom bre the Kra tls at tat Audio 112 @anti ion in Sole GROS
fecoolly. Dosagoed to match the Quad 44 control unit (prionsp to tat
reel of us) tat iM  tardy watt Ku digrui tuning and anon preset
suttees. Programme locations are stored on memo's

A toning koab booboos retaininl in prefwenc to  um of path -
buttons. since Quad sro ii is east*, to use

Staff Spocifkation

Full limiting 1 V IF Refection
AM SolsreoSon

100 dB
SIN I1 V Went) 7 de (otoriso) 60 de

Mow RbactiossDistortion (1 KM1) 0.1516 SO de
Captors Kale 7.5 de Crosstalk (1 Kits) 40 de

ell APRIL leis
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The M V 30HE set up
In a Series III. About
the best looking piece of
of hi -fl you'll ever see. As
the compliance is very high
only the smallest damper paddle
is required, despite the lack of
dynamic stabiliser (as fitted to
V15 IV).

4'

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 arm set up perfectly in their Series III, would
it balance once I left the factory? It would not!

I would be most interested to hear from any
MV3OHE purchaser as to balance requirements I

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 MV3OHE balances in an
SME Series III with four weights and six spacers.

Down To Sound
I suppose the obvious comparison with the

MV3OHE must be the V15 IV. So, as I'm getting old and
predictable (I still hunger after Felicity Kendal ) that was
the first pickup against which I auditioned the unit Frankly,

I 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 MV3OHE has a more
coherent sound - the mid -range 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 MV3OHE V15 IV relationship Serves me right for being so sure of myself!
In comparison to the market as a whole, the MV3OHESME 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 IV After all, if you've got an SME and were contemplating a V15 IV, the

MV3OHE 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?

EIAPRIL 1982 89
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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 material the stylus information has
to pass through, the higher will 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:-

El cl_4y ch pEl (1 p2r cr_y
c3m act .,2 rn G) ax2at2 mG 314

CB - 1-274 (1-1iB2,7-7,24 + 1,512,412+

where E = Young's modulus; I = secondary moment of section area;
G = shear modulus; m = mass per unit length of a cantilever;
p = density of the cantilever material; 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 £450 as opposed to the Ruby's
£100 If I can persuade the ever -helpful Dynavector into lending
one I hope to report on the differences soon Maybe if I say
"please" ?)

Temperate Zones of Test
Another piece of original thinking has gone into solving the

problem of temperature dependence and damping material.
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 damping at all

.* ,Chreoss-KasecrattiRounboyf.Yoke Magnet Yoke

TIP

Cantilever Armature
reel Wire

Poleniece
(Ruby) Is Coil Rubber

block
Under test the Karat showed a ruler flat response from

100 Hz to 30 kHz of under ± 0.5 dB! It was only1 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 III (what else?) LF resonance
was well placed at 12 Hz, below audibility and above warps.

Tracking was exemplary for a moving -coil unit - at 1 75 g
it tracked all my test bands perfectly, the first moving coil to do
so. Bias was set for 2.0 g, a high value, but one that worked well.
In actual use the Karat 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 - I 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 III 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 II's fed by a
variety of amplification from Crimson, Monogram and Trio.
Source equipment remained at Thorens 160S/SME III
throughout

On the very first LP side I 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 noticeof the music. This is a cartridge that will be
much appreciated by reviewers, as it is so easy to listen through
for long periods.

In fact there is little I can say against the Karat It is a trifle
recessed - I 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 £100 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. I 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 I know.

Mind you, I haven't heard the Karat Diamond yet' but
can it really be worth £350 more? On this evidence I would
doubt it! (Pause while Dynavector work out whether this is a
compliment or an insult )
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PE T100 Chassis socket SOp
N . Typo Plugs (Amp/small
N -Type Chassis sockets ISN
Amphsinoli 7119

MULTIWAY CONNECTORS
We carry good Pocks of new
and bargain priced used D
Series rectangular connectors
from 9 to SO way
Example

Nov. 015 socket 60p
New D9 plug 60p

AUDIO CONNECTORS

'S pattern 2 pin flat [pugs
L tots, line sockets 20p la
F C Europlugs

Our price only SOp
Sulam 3 pin 6 Amp plug and
he. socket SOO Pr
Cannon LNE latching 1rag
socket 1 7Sp
Chassis mounting plugs 1 SOp
EDGE CONNECTORS A...
GOLD PLATED,
0 16 path

16 way 110p

22 way 100
202 way 1 SO

0 1 pitch
24 way 100
37 way 1 SO
40 stray 1 75
2s40 way E2.00 7 veer

1.3e WS way 466

We stock all types of iacii phone ntli.)A plugs tad numerous to
hat. phone for details In professional types we have
CSC Type ring locking multrway connectors fashioned in hipai.,
duty nickel plated steel with cat*, clomp In 2 3 4. 5 end 6 way

Only CI N of
Siivitchcraft XLR Sense this professionals choice
A3441 3 pin free plug 1.20p
alai 3 pin free sat 1.32p
03M 3pin chassis lug 1 tip
03F 3 pin chassis skt 1.40p
FUSES TOrnm OS 7p AS 10p 1'4 inch OB 7p. A,S 12p. % inch fp
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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
all! Design and development by Rory Holmes.

n this second part ot the sinesnes on
the I T I intelligent programmable
mobile we shall describe the deer

of an analogue pulse width
modulator tor controlling the motor
driver stage featured last month We
shall also take a brief look at some or
the modules being offered later in the
WIMPS which can be added in stages to
enhance the motorised vehicle The
intention is to build up to a c ompfete
c omputensed mobile

A kit of flexibility has been
allowed for in the actual use and
configuration of the modules as we are
well aware that constructor interested
in this type of propett have fern ideas
of thew own on the final form and
capabilities of thew mobile
( onstructeun and nterc onnect Ion
details tor all the modules we are
presenting will be given along with
guidelines to a range of applications

The tau ilium we have planned for
the mobile will continue with the
digital motor control and an onboard
programmable i computer foe overall
cont.vi of other modules A light
wesight manipulator sign complete with
teaching arm has also been designed
for mounting on the front of the
mobile It is poweeed by lour radio
(OntrOS servo motors and the
elec nom' inetefebe bleambis Or
servos and computer *al be disc Arid

along with details of the arm
mechanics Optical pros rnits detectors
for object sensing, and infrared
tachogenerators for speed serssill
also be featured on the TI mobile

It is hoped that the designs will
also prove useful as stand alone
modules for individual use in other
applications Optical proxwnity
detectors for example have numerous
applications In batch counting lent
sensing, detection. alarms and so on

The digital pulse width modulator
in next months issue will find mans
uses in the control of analogue
tunctions. how about a computer
interfaced to a pulse width modulated
optical data link for analogue
information transmission? Our version
will control two pulse width modulated
channels with a resolution ot one part
in 2%. via an eight bit data port
modulation being *cheesed solely by
logic to satisfy the alkkgital purists

Optical Proximity
Detectors
I hive hz.. fsrn designed as small

independent units with as much irsbuilt
versattlitv as possible The cwcurtry is
housed in a short length of alumewurn
tube axialh aligned in the detector
direction with three external

connecting points. ground. positive
supply, and an open collector digital
output A number of detectors can thus
be easily mounted in strategic
locations All circuit operating
parameters are independent of the
supply voltage. which can be anywhere
between 5 and 35 V at a current of
20 mA

The proximity switch works on the
principle of transmitting and detecting
a modulated infrared beam The Kind-
red transmitter receives 1 A peak
current pulses. of 10 uS duration. with
a modulation frequency of 1 kHz The
KO 1 duty actor thus achieved allows
high currents to be used to increase the
detection range. while reducing the
average supply current to only 10 mA

The sensor can be set by a preset
pot accessible through a small hole. to
detect an object at any distance in the
range 1 cm to 35 cm

A small amount of hysteresis is
introduced onto this switching distance
to ensure clean switching thresholds
and stabling ot the output signal The
use of tuned detector amplifiers
provides excellent infrared inteeterenc e
refer twin

Analogue Speed
Control
The analogue speed control has

or ETI APRIL
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VOLTS

OV

av

Rol SLIDER
VOLTAGE

Dv

DEACISAND
REGION

Vb. OF FSET

CONTROL VOLTAGE
FROM COLLECTOR

OP OS

PyrM Cut OFF LEVEL

COMPARATOR 1C2 OUTPUT

Rot ROTATION

Fig. 1 Various voltages associated with the
circuitry around Q3. The control voltage is
measured at point A in Fig. 5.

12V

VOLTAGE

OV-1
A AVERAGE CURRENT

MOTOR
CURRENT

Fig. 2 PWM motor driving waveforms for last
month's circuit.

been devised for manual control of the
main traction motors; it provides two
pulse width modulated signals suitable
for the motor driver amplifier.

The circuit is designed to provide a
linear control -voltage -to -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 waveforms
relative to each other, such that at
50% duty cycle modulation, power

BUYLINES
No problems here with any of the com-
ponents specified - most mail order com-
panies who ads ertise in the magazine will
be able to supply esersthing. Ne can supp-
ly the PC - see page 11 for details.

12V

OV

VOLTS RAMP WAVE ONV

RAMP

MOOULAT1ON
VOLTAGE

COMPARATOR

PaM OUT

FA0OuLATE01.
VOLTAGE

TIM

COMPARATOR
OUTPUT

PWM SIGNAL

TIME

Fig. 3 How PWM waveforms may be generated using a comparator.

-

SOL Duty CYCLE

FORWARD REVERSE
INPUT

PULSE moTpc
MOOULATION INUT

-11-11 COLLECTOR Or 03

Fig. 4 The waveforms needed by our motor
driver board, published last month. (03 and
Q4 refer to last month's circuit.)

An internal
view
of the driver
unit showing
the interw iring to
the bridge rectifier
of one channel.
Constructional
details for the
pulse width modulator
will appear next month.
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ETI APRIL 1982 95



HOW IT WORKS

The circuit 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 I(1 and 1(4. 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 cv
de. This is achieved by ssnchronizing both
pulse generators to a master clock based
around IC la and b. A 20 kHz square wave is
generated by this conventional astable ar-
rangement and its frequency, set by RI and
CI, is fairly independent of supply varia-
tions.

The output of IC Id at pin 6 provides a
buffered square wave in the same phase as
the output on pin 10 of IC1b. (2 and R3 dif-
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 C9 and R16
produce a logic high pulse coinciding with
the negative -going square wave edge. IC4b
further inverts this signal to a logic low
pulse. Two separate trains of 500 nS
negative -going pulses are thus provided in
the correct phase relationship for 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. \ oltage
controlled pulse width modulation is, in
principle, very simple; a ramp waveform
(sawtooth) is applied to one input of a com-
parator and the modulation voltage to be
encoded is 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
linear ramp waveform. 3ED1 and the base -
emitter 'unction 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. C3 is charged up
negatively from this current, until the
negative -going reset pulse arrives from in-
serter IC1 c. This pulse turns Q1 hard on for
a very short period (500 n5), during which
C3 is completely discharged, taking the
ramp voltage back to +8 V. This process
repeats at the clock frequency of 20 kHz,
providing a negative -going sawtooth of
about 3 peak -to -peak referenced to the
+8 V rail.

I( 3b, the comparator used to perform
the modulation, is an 1F353 dual op -amp,

chosen for its large bandwidth and high
slew -rate. The inverting terminal on pin 21s
fed from the ramp waveform, while the non -
inverting terminal is fed from op -amp IC 3a
an inverting amplifier configured to sum
control voltage inputs relative to a 4 \
reference.

The potential divider R11 and R12 pro-
vides the 4 V reference to the non -inverting
terminal of IC3a, and the control voltage
applied to R13 at point A is summed
relative to the 4 . An offset voltage set by
PR1 is also summed at the inverting ter-
minal of IC 3a, 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 I.

The output of op -amp IC lb (and in-
deed most others) will not swing to the full
supply rail voltages, so the inverter gate
IC le is used to buffer the square wave to
full CMOS logic levels.

The manual control system included
in this circuit 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 lie the PW M signal is continuously low).
As the pot is turned in either direction from
its midpoint, the pulse width should in -

MASTER CLOCK

IC1 
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1005
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CI C2

I'R) 2100
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Fig. 5 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 IC 3a.
The forwardlreverse logic level should also
change state as the pot moves through its
midpoint. Q3 provides the necessary
voltage transfer function from the pot R% 1
to the control voltage summing amplifier,
as explained graphically in Fig. 1.

The emitter and collector 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 V via R9 svhenQ3 is switched off. As the
slider of R'. 1 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 R% 1
reaches its mid -point, R9 and 10 will form a
potential divider giving 4 % 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
V drop from the +8 V rail.

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 IC2, a CA3140 used As a
comparator. The other comparator input
receives 4 % derived from the potential

divider R11 and R12. This provides the re-
quired forwardireverse signal that cor-
responds to each half of the control pot. In-
verter gate 'Cif buffers the output of IC2.

C' and ( 8 provide supply decoupling
for both channels. while C S and C6 provide
further smoothing for the 8 % zener
regulator formed by R16 and ZD1. This 8 V
reference rail is used for two reasons: firstly
to allow for fluctuation in the 12 % battery
power supply that would otherwise affect
the output pulse width, and secondly to en-
sure that the op -amp supply voltage is well
above the maximum input voltage.

The resistor marked AS Rs 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 can be simply omitted lie R% 1, R8, R9,
RIO, C4, Q3. 1C 2 and their equivalents in the
other channel). Control voltages may now
be fed to the unconnected end of R13,
where a variation of 3 %, set by PRI to be
anywhere in the range 0 % to 8 % . will pro -
side 100% control of the output pulse wid-
th. Forwardlreyerse switching must also be
applied to the input of IC11 on pin .1

will be switched alternately 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

PARTS LIST
Resistors (all ' W. 5%)
RI 100k
R2 1SL
R3,6,17,20 247
R4,18 470R
R5,7,8,19,
21,22 140
R9,10.23,24 22k
R11,12,25,26 10k
RI3,15,27,29 IMO
R14.28 330k
R16.29 1SOR

Potentiometers
R% 1,2 10k linear
PR1,2 10k linear miniature

horizontal preset

Capacitors
Cl
C2,9
C3, 10
C4, 11
C5, 7, 12
C6, 13
C8

1n0 ceramic
220p ceramic
15n polycarbonate
2u2 35 I. tantalum
100n ceramic
220u 16 V axial electrolytic
100u 25 V axial electrolytic

Semiconductors
ICI 40106B
IC2,5 CA3140
IC3,6
IC4
Q1,4
Q2,3,5,6
1101,2
Z131.2

11353
40938
BC 2141
BC 1841
red LED
8% 2 400 mW zener diode

Miscellanous
PCB [see Buvlinesi

RETiY7tcrQUIP 130w

TOGGLE

3amp

250VAC

ON/OFF/ON -88p
ON/NONE/ON -85p

Z -BOX 6
b -

I d

SEIKO
SOLDERING IRON

220vac j2-95 t1,5
Isk\,\\ New CATALOGUE XI

WE SUPPLY try us

?°"" INDUSTRY ALSO
60(0)  10I1  601

11441  1110.1  01.1

130Id)  1.11  4111

13(11  5441.1  2111w1wn

f1.5511 \4

£2.05 0,c
1.1.100,343
j0 -80i>

THE ALL ROUND RIBBING ALLOWS PCB's
TO BE MOUNTED EITHER WAY

DIODES
1N4148 -2p
1N4001 -3p
M4002-340
1N4003 -4%p
1N4004 - 5p

Bridge Rectifier ;al' c5,8; _ 16.4

mini relay. 4p2t .185 ohm 12v coil.
BASE - 45p .C.2.95Gold pt terms . 14 1345
metal cabinets

.

a' 0 .  -  ../ie
a. m4.. ,a'._     PO.  Mem" it. WM.% TOY
tOmMto  MO,  
a 
13 

c

d -

I214 MIN  1131
MM.  Ill*  1031
1.00  00(1  114111

155.1  .01. 

it 70 £/%k?

£255 £311,0
£3.04 1310
14.08 INO

R -A-0.197 RACK- MOUNTING CABINET.
  po.  ow  Pm.... lamp me.... m 

- I.........,-  IN em.  we* am.**        W.. tam p.m..... a...6.m Pr*  .' to., .  M.O. 
oni Panel 480  150  rn

Rear Case
425 r 2501140,e,,

1b4;*
£19-50 e

TOP
QUALITY

ADD VAT at std rate %

Order value under L5 00
Add 50p. Prowl Piaci

POWERSINK

-35
)\KO

ra  O
v.-. TO I TO I TO

. ,  Ioi 10?  11,...
OW**,s W.-, &'r  la*   re es. .

-s

Or Free Standing

cat 131024130

U.K. & 1E1
AGENT

SWITCHES & SUPPLIER
11 DISTRIBUTORS WANTED..

SLIDE SWITCHES
10p 693T pcb 42p

2P21 pcb 1124p
6P3T 455;

2
2P31PP4

26p 12 pcb 20P 4: liTsspci rn'de i 4280:1

4P211 28p35; 6: 3,7,004...4i. 55p

rILLUMINATED6" Push to Make £1.35

RELAY -A -QUIP PRODUCTS. I_
Moat Lodge Stoc-k Chase,
MALDON, Esser,U K. CM9 7AA
0821- 580e8
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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.

2

Ut t Ai
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At last - a reverberation unit
which es not a pseudo echo
effect and does not suffer from

. ;tects of spring line devices The
unit described below well interface with
virtually any preandlif led signal and n
deal for direct use with most musical
instruments or for incorporating in the
"echo -send line of mars The design
has been made possible by a new
3328 -stage bucket brigade device
having sex tapped delays and capable
of producing a useful reverberation
tome of about three seconds

Sound emitted in an enclosed
space will be subiected to both simple
and multiple reflections horn internal
surfaces Since these surfaces are at
varying distances. the time for these
reflections to occur and then decay by
absorption will vary The effect n a
buildup of sound known as
reverberation When playing a musical
instrument in the home, small studio or
some other venue. the decay time can
be very small coupled with a high
absorption loss. the result is a weak
sound when compared to recorded
music or to live music played in a large
hall

Until now the only low cost
method of simulating acoustic
reverberation has been the use of
spring lines These units however are
prone to vibration require a high

power consumption for effective
driving and are prone to producing
distorted resonant peaks Furthermore
it is not possible to adpust the
reverberation hme and in many
instances a short reverberation can be
very effective Another option has been
available for some wars, namely the
use of bucket brigade devices to
electronically dela:l.swals While
claims have been for
reverberation effects based on these
products. a realistic unit would requite
at least three dual 512 -stage 880s.
such as the RetKon SAD1024A The
cost and complexity of the latter
approach puts it beyond the reach of
the average constructor

Beyond The Pail
The reverberation unit utilises the

which is the latest in a series
of bucket brigade des Kes for audio
applications to come from National
Panasonic They are all tabrKated in
PMOS and for a start you can forget
most of what you may have read about
the disadvantages of PMOS BBDs It is
a fact that they are somewhat limited
in clocking speed (10 kHz to 100 kHz)
and also have a limited bandwadth,
typically 10 to 12 kHz The latter.
however, is not usually a limitation
since the bandwidth is often restricted

by the desire for long delay times
What makes the series deal for audio
applications is their low. insertion loss.
low distortion and excellent signalfo-
none ratio and for the MN3011 the
spec died values are 0 dB. 0 4% and
71, dB respectively

The IC is unusual in that it has 12
pins but is the length of a normal
18 -pin package. the functional block
diagram and 'swum for the MN3011 es
shown en Fig 1 As is normal with such
devices it requires two power supplies.
V,, and V, the former may be up to
-18 V with respect to ground while
V,,, should be + 1 V higher than VI,
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 is then
clocked down a series of capacitors by
means of internal switches The transfer
process is accomplished by a dual
clock whose outputs are in antiphase
and so are alternately opening and
closing adiacent 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

ETI APRIL 11/12



GROUND

CLOCK I L2-1

ij ouT3WTI

Fig. 1 Pinout and internal layout of
the MN3011. The centre three pins on
each 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, 33.1,
59.7, 86.3,139 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, ie 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 N./cc
voltage.

The unit will operate satisfactorily

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 Al 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
is not very critical in the current design
and the object is to keep the signal at a

it will not be distorted or
clipped within the BBD.

The main problem with BBDs 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 Fl in Fig. 2 is a lowpass filter with
a cutoff 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

 v t

BIAS

i1- At

LEFt

MN3101°"*.),1*-- CLOCK
()ELAN.

T-T

MN 3 0 1

B80

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 cutoff 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 will 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 closer 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 %en,

straightforward but the following
precautions should be observed. First,

Fig. 2 Block diagram of the ETI
Solid State Reverberation unit.
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PROJECT : Solid State Reverb

BUYLINES
T e PCB an a it o components for the
reverberation unit is asailable for L32.00,
inclusive of postage and 'AT, from
Digisound Limited, 13 The Brooklands.

rea Green, Preston, Lancs PRI 2NQ. The
power supply may also be obtained for an
inclusive price of L7.00 As the PCBs are
copyright they will not be asailable from
our PCB Service; hosteser. the foil patterns
are reproduced at the back of the
magazine. National Panasonic do not
distribute active components in the UK and
the ICs may only be obtained from
Digisound.

EVA
TA MEMMOXMIII

SOO,A cuss s'

%t UT Ak.

Fig. 4 Circuit diagram of a suitable PSU
for this project.

Fig. 3 Component overlay for the reverberation unit.

make sure you get the correct
orientation of the ICs which are clearly
shown on the component overlay.
Second, the MN3011 is a CMOS device
and with the advent of 'B' series
devices we have all become rather
careless as regards handling such ICs.
For the MN3011, however, take the
precaution of working on a grounded

PSU PARTS LIST
Capacitors
C1,2
C3,4
C 5,6

c .4 r

ICI 78115
IC2 79115
811 0A9 DIL tYPE

470u 35 V PCB electrolytic
100n polyester
10u 35 I. PCB electrolytic

Miscellaneous -

PCB (see Buylines); PCB -mounting
transformer (15-0-15, 6 VA); SOO mA mains
fuse and chassis -mounting holder.

rid!
MIX MOW LEVI
OUT

PARTC I !CT

ANODE

S

»t 15

0015m I

 JO IN

Resistors (All W 5% except where stated)
RI 101 VE

12.5,7,9,
13,33,33.39 1006
13,34 Slk
14 3301
16 1k3
18,12,27,31 33k
R10.29.37 47k
111, 30 561
114,16,18.20.
22,24 56k rX.
115 1006
117 110k I%
R19 120k 1%
R21
R23
R25
R26
128
135
R36
R38
140

130k 196
15041%
1604 191,
2004
82k
184
140
164
684

Potentiometers
RV1 100k logarithmic
RV2 10k logarithmic
RV3 4"Ok linear

PR1 47k miniature horizontal
preset

Capacitors
C1,2 10u 35 V PCB electrolytic
C3,4 100n polyester
CS 22u 15 PCII electrolytic
C6 220n polyester
07,10,13,
20,22 220p polystyrene
C8,14,19,
21,24 1u163 V C8 electrolytic
C9,11,12,
18,19 2n7 pnlystsrene
C16 2n2 polystyrene
C17 270p polystyrene
C23 33p polystyrene

Semiconductors
IC1
IC2, 4 1044158
IC3 M611011
ICS 64613101
D1 1N4141
LED1 5 mm red LED
Miscellaneous
SK1,2 mono jack sockets
PCO (see Buylinesi; IC sockets; case (Vero
order no. 91-2673G).
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metal surface, such as a piece of
aluminium foil, do not insert the IC
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 Th 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 out such
that the HD 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

isv

OV 0

-1W

10.

Ca 105

C3 1005

C4 101.5

O

R9 /005

CIO 730,

RI 1005 RS 335

-1\\%/5-4-615,v5-044

CS 2,71'1"

ISV

I
IC211

4

CIS
3.3

110475 811561

126 200.

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
a miserly 13 mA at + 15 V and 9 mA
on the -15 V line If a separate power

supply is required then a suitable P5(.1
is shown in Fig 4 A PCB -mounted
transformer is preferred, and it should
be mounted as far away from the (3RD
as practical The photographs show the
unit inside a Vero "G' range case with
internal dimensions of approximately
218 x 138 x 50 mm

HOW IT WORKS
The input signal is attenuated bs R. 1 and
also bs the inserting amplifier built around
ICla which has a gain of about 0.5. From
Ida the signal goes three wars. A

comparator built around IC I b forms a peak
detector to indicate optimum signal level,
while RV2 and R35 allow mixing of the
original signal with the reverberated signal
in the inverting amplifier configured
around IC Ic. The component salues in this
section are such that equal proportions of
the two signals may be mixed. Final!), the
signal also pa to two active filters
constructed around IC2 which have a
12 dBloctave roll -off for each stage and a
cut-off frequency of 1.6 kHz.

From the above filter stages the signal
into the MN3011 and the six delay

outputs are summed by the resistor network
formed by R14 to R25. Note that the shorter
the delay, the less the attenuation. From the
longest delay (pin 4) the signal goes via R25
back to the input of the filter and thus
prosides recycling of the delayed signal in
order to generate a true reverberation
effect. The reverberated signal is filtered by
two active filters constructed around IC4
and these base the same characteristics as
the input filters. Between the active filter
stages some passive filters have also been

added to increase the roll -off; the loss in
these filters is compensated bs increasing
the gain of the active filters.

The dual clock for the MN3011 is
pros ided by ICS and with the components
shown, the clock frequency ma, be
manually saried with RV3 over the range
10 kHz to 100 kHz, allowing maximum first
pass delays from 16.64 to 166.4
milliseconds. Pin 8 of IC 5 provides the V"
voltage for the MN3011. Since both IC I and
IC5 are P -channel CMOS it would be
normal to operate them from a - 15
supply. Voltages are, however, relative and
by connecting + IS S to the ground pin and
ground (0 S I to the S pp pin they will
operate happily with positive signal inputs.
R1 and CS present clocking signals getting
back into the power lines. The filters are
also operated from a single + 15 V supply
and this avoids any problems which may
arise from excessive bipolar signals, ie they
will be clipped at + 15 5 or ground and not
damage the 680. The bias soltage required
by the BBD and the filters is primarily to
allow them to accept bipolar signals; this
soltage is provided bs the resistise divider
using components R39. PR1 and R40 and is
applied to the non -inserting input
of the filter op -amps.

RI iOR

CS 22.

113 1005

116 50. R17 1105

518 565 119 1205

920 565 121 130.

122 565 523 1505

124 565 525 1605

C13220, 6--
1 12 11 10 I

8.13.11 IC3
1.113011

14 17 IS 4 3

353

NOTE
ClI IS

IC2 4 ARE
IC3 IS
ICS IS
DI IS

LED1 IS

121 121.

C17 270,

7 L074
LM3S11
113011
051153101
114144
1ED LED

132 ITC

C20 220T.

 ISV
AN 1005 PRI 4h 140 SY

ISV
161005

114 3301

IC111

SIGNAL INPUT 33V

56 153 LE011.1

11/1100.
LOC LEVEL

13 515

Cl 220e

12 5

-11--1.~100-90.
CA 2205 2 1C1a

14

o I

15.4.411

; El
C23

305 33P

7 6 Is

ICS
1113101

1t 2 3 4

LIN
DELAY

Fig. 5 Circuit diagram for the ETI Reverb.

Rv2 10k
LOG 5.01

Rh 1115

C21 3...3

all 1005
--hhA1-4

34 515

c22

6-1/-*
138 150

ICU
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PROJECT : Solid State Reverb

Setting Up And
Use
hr onls setting up required is

adlustment of PR1 If a sursewase
source is asailable then the latter may
be used as the signal source and PRI
adjusted by ear or with an
Os( rlloscope, for minimum distortion
Alternatnrly measure the voltage at
the function of PR1 and RIO and acbust
PRI to give a reading of 6V2

The unit has a sionakonone ratio
of better than 60 dB but this requires
that it is operated with the peak
indicator LED lust glowing or
occasionally illuminating The output
level well vino from about OVS to 1 V
RMS. depending on the amount of
mans of the original signal and these
lesels should ensure adequate response
from most amplifiers. mixers, and so
on In other words. by keeping input
signals at maximum level the amplifier
setting will be such that during periods
of no signal the residual none will not
be obtrusive This is common practice
with recorders. many of which have
much lower signal -tortoise ratios

  
!.

.  . . ,

  
. ...  , ... . .

_
.

7 ili.
.". ,.t

ET!

For the man who has
everything else. . .

mere me t 1I onrowsrvend rows 147 alf rife
trey thrryge an lote. secure in the knowledge that the tier

migitmes of win are sate and sound Order one now and
let the bonne, keel) IV with eou

I n hinders cost MIS each tor cik residenta Inchedliv
pottage packing and tAr for owners orders add Rp

tend the completed coupon together nee' voter remetance
rn

lit Binders. Amos Specialist Publications Ltd.
14S Chanty (too Rood. Landow WC 2H Ohl

Meese show*IRAPPOON weeks tor Puitrihnent or order

(.... ORDER FORM >IIIIC."
stremem i r000re c Mare pow, emir. ler

lobrIP to pt. tit A(CPA RIK LIKAPd PIAAP Awls .A ((welt

' I- I

_

1 III T.
.1

 ,...111111

raw.
AciArris

ETI APRIL 1682 1OS



<0,00*10-$.0i LB ELECTRONICS 0,0 ,.). TEL F PHONE
PP' LT"' sOkfnGE b 53 99

 ',Lai, PI

.4 .46117s. 414=
II M 77001 M 141 Noir NO
flat OK 11/2 MM AO MM

14 4110 CI M 0  ao 40
row emus
O 0111 041 Arsol is. war AY kr IN Oar
0 OW SINN 1110.101

WIND Nap.M Carlins rel. MO
-ammo worm re Aar

Aso Imeresd corisses err
 e4 ..e ti Arksres '1
6%.01. VP 
4/0 COMA440 born

Opp :ranNNW, clike
:coo re. WO NW LEO 
.eseNOw ~Isom we ~my
son. As CO pas Nam Sew.
ANN NO
MOM cm acct PCS sow0 Orr 4 s II* 

2 6 MIN  c coosoo 1100 I.

0 MI CONNICTORS
I AN lore. ` 700
INN Nom. 04tIM
P. WIN NNW ON
P rose Orask POW CIO
Arrow PA. kickAl h.
A Ay Law 04710.0 n.
!A MIN Ns oversaw

ass
AA, *Ma esorsokr.
610040 OA
ems, Pes NON a.
 Pep eOrw5

COMPS
Memo PIM 10

einsei n SA M as. MINK,
1131.! tew. I MHO Me

'TT IOW CI SIL 14 Om
Puma I4 M 01 MN. Ol
  ow Mew* a

OISIM111
4,  I I 1 4.4 1M

WI WIN. pip

.01012 MO 4 cc
 OP* 00 00 %le V.;+..+.555 la Ins Nis 

OUPONINNI I
00. NNW /NOD AM /
74  Or lime 111. JO sok

kO 00W OMNI NA
NoWer "VI 14 %

TIO M VOI Nip PI Mow C1116
ONcrom prori Orr Pm No
Sworn to  room MEI

WIN INNO
r$17670Z. re II pea*
I

MOMIXAMOI
pewee cope 4471 IS me 4 7 /414C110.

'NCI MAIM MOM b
cI0 meet .a MM
souk Or NC wee IluedelMe

OSSMOSONS
86 ow IIP  SA r simarg so ftp

e we< MIS ask Wong

 p
f

leers few M IN IN em
eat eie X ems VII GM

0.~ SOWN 0 r 3101A4 .r  has
TO TO) TAO rocs err 4a.
OM lb

0
OM MAT - MINT
TM TIMOMML NM 'MAO
00 .4 - m Carom Mew

51.111111/11/111
MILLIMPAI MOON
50 0101 INN 0110 :771751'

IMPIMIMIR1111
Twipfernm111115.51K11
famei  me area*Illap10. bra 4

WPC vl
PAPS1 NAP Ms I  I I  ore ON w 8 
ow Paws

PO
ON, pC1

ISSUPINSA
2 Omer WWI pig PO .1 NOM
W COW Is/Y lI A. ANIS.
am 05 W pot 111 0,
216. INN rowans acrorme

IMPORSAM11 14
MI PANS 111W MOMIS-  IN tem SAN P(100

IMPORIMMIll 16
OK fs memo% mmom MS
"`'"01 ms 65. MI maw ,.. Ns pie shit

VIS 10
OPT001.SUPORMAOPTO 61.01110
SINITCSI  rt.* 00111'4 CI.
OAD7Io

OLOSPIIAOR II
w NOM .tome.  Mee op.
071.44 wore. NW fete M

 Mee ammo "IMP
Now I' 'soAO NO IN*
Noces e 'WI,

IMPINIAMO SSW
PM AMP LTAND Loam.,

WHT. epee 1126
O C SR..Sr X0

SUOMISMOSI 11
EMT Am LEO at,,.,

VIEW WM weet 
dem cfm A.* ors
asipile Dow memINNow  (I 10 No IN

OUNNIANN
Mom RAM MAD IS OIL0 Is la On. NNW Nib
 ig s3.
pus 115111111VEr 4 M.
Towee. le 14 IX Neer 1114.
MP 110,

10 550= TM WM
mr MOM* Re
 SIC 0151MAT MC
10.01 fees me

594K e ON L.,.    MN 305

81,011118AVER
MIK MOOS PCII ZP5-.5
TOMO ION 0 al 
0000 01/0010 UN WWI
TOI IS bey  IW 010
 P
MX AMMO tom memo ea
sonowe Ifesceme wee 0.4114.
N orco Ara Aar mese
N ON CS. me
01305 SCO
COMP 10 eOP ss coma nI. as coals sob askamps i  ash wan
for PM COMO IA IST
COOT, 11/ 0/11
Is MO COMO 1111 rr CIES
COMO 10  OW  IP

13154,44, 10 m. eA peRe
 mem 111100101110II

/11./GAT C 113011111
I.. be. 0.146N.,

e Of IN OI Ob
 O Xs .was
IN 1111001  mai eve sf TEL

TOGCH
CLIC*

IS .k10.0
tineefuoi

IN Noe  Nip MO cofmem 1   .4000404pme 41

MW MAU
IIICLCOMMIIIII1 PO Weper; tem ela
IM /COW WINm S
Iawe Iry spy nrai
soe  Karr gos  as MP
IM 0101411111 4ems4,..1 10 .45 cHe
WON ON WWI ON ~NI
5501  NA PT IM

BOCK ii -
MUM 011o MK Me -
1110111111001111115M 1'
me ashPOP OP
T. SI AS NO OIL
1411 /NO 741 me
1174Ole 74M 711

OM Or
OM PAS PG. S' 0.001 M..w 74.4
W WI NNW .we. Y ft WI 

caw Ors PI ps per  
Terns cash ark  wow
Afar orNorris4 from t.Nom Mb As  u.

geAI INNS NNIO
."0141 4111.00W0111 omm

ONION On Nigro VW awn

DOS leVora5 64110
PM mlommet
ommem (I M 1115rT17

PIP FREE

Pot st 00 ft.:0424:
=1" MOM OlD

MIMI 0001114150
efill" STOCKSPURCNIMICI mommew.' 3:

LI ELICNIONICSmom. MAO
MINIM

141. 0010.011111 SAS
4405554 .........tis .....r.
ombeacit el behms femIsm Nem pr  inpl

Me, Hers 11.- w A1 30 4 VI s 1 3 15
weemime Omem ON 455 1501
mom Ws me memee_jim OP
15. A 4 0 is falstiff
IRMO.
ALL * 7$ NCL WV( Of VAT

',OXBRIDGE
Ait - nen nr, nor  to. 1553S,

N. 11

amino au nei
01.. VOW Mr. MEd Mann 111110.111.19 kor polvoninig

No osod b tOMNAPP WNW Is bermar . tanotAr 153 0140., OW Mt

SYSI WON ...we T. 'wpm% M samsreel
can re Aecrenee W commeem

3 WAYS TO BUY:
FUCA KITS - marl% cocuS bora a consomme Kenfeem
toCk440 t s* 0001 bsrebl
ins CASE - of stem bA NM rte cem
PCS  Pal MCl/I1110 EXIMPONSIITS - PCS pkgs a or parr
IN MINNOW OW OW NOW Mu ises IAI bawd ern
comic/cm% PULL LISS PCS

KIT CAM PLUS
11100011 Mfr. OIET Mr M
ROOM MOTOR CONTROL mum,
I OMNI CIORMWM Foe 12, Wm Om*
ISSN WALT/ MONO AMPUMUM fob V
MOVING COIL STACK
NONNI MAOISM STACK
POST CORMIX 1.582
AMMET SUMO 105 12
PARKING MIMI MIR Jar S2
GUITAR TUNER Jr. II2
AL CO/MME Tlll Dec 111
COMPONENT TESTER Dec 61
1100TWORK CHICKIR Dm SI
MUSIC PROCESSOR
MION1 SILL IPSIMIS be 51
VOICE OVER UNIT New SI
CAR ALARM No. 111
e NLARGIR MOIR Oct si
SOUND IX SCAR OctI11
MICROPOWIR TVIIIIMMAL MAMA Oct 11
IN lc Navy/tit PENDULUM Oct $1
LAS PSU s5c iv
WATC 04000 IX CORM MAMA Aug I'
IM CHARGE AMA SATTIRV
HEARTEN AT MONITOR Aug et
HANDCLAP SY NTHISISER Ap III
FLASH SICAKINCIIII Um 1101M mars
SMART SATTER" CHA 0IH1 .Ms SI
WAN PHASE  11 LON OMR
LID JI WILLERY Jw II CHtesS - II 41 - 5010

ISM 8W
IS 67 33 n

CM 110 (3430

If OS
17 55

11 77

071
I10

x15 18 27 IS
no a (2215
1715 [017

MM M15 MN
1131 UM SUMU rn nuuse un un
MN IN 110
EOM nn 1177

RIO
SW

3710 noan nu nu
MNnn rn - unnu 73W um
M15 2523 rn
MIS MM IN

- UN 514
- 247
- 725

ALIEN ATTACK . 11'

MINI DRILL VII 0 CONTROLLER !v.,* II
GUITAR NOME ERPAN011l AoHl 51
DAUM MACHIN! £4 I'
MUSICAL 110X 5.c SI
INOMMINIE STITNOIKOPE Mr lI
SOUND PRIIIMANN ULM METER fie 51
AVM MD ALARM FM 51
MULTI OPTION SIREN Jen 11
INPUT MIXER Dec 10
MUSICAL 00011101. Dec IS
AUDIO TNT OSCILLATOR 740.

111AA PIM AMP .4s -15I Nov 10
METRONOME 'me OD
SUSTAIN  UZZ SOX Oct IC
CASSETTE POTOMAC' Oct SD
ULTRASONIC BURGLAR ALA/IN Aug SC
CAPACITANCE METER A. 10
CMOS LOGIC TESTER Aug 110
SIGNAL TRACER MAIM
TUNING FORK I.b50
CLICK ELIMINATOR MM ST
GUITAR I if ECTS UMT Apri 111
COMPLIX SOUNO GENERATOR Oct 111

tpull MONTHS PROJECT S
warn RADON PRONI

PO. MOM
  Po rove low el eel m I
me* emAlm se rape re mee le III OD 10.

MB so ems Mama
455. emir eceesme

-5 :45 5,

11 10 47 121]
3117 2112 1255
1047 1131 0e.
MM 4604 MM
12 54 -
IS 11 1482 11 10
M n n as
MM 4612 nn
7511 71 83 1131
1577 IS 71 11 111
11 51 1061 OM
ISIS
II V -IM - -

24M 7101 11 T2
11 57 -

MV 2215 IT 12
20 28 NM 121
10 17
11

1215
0115 4657
14 78 10 57 $ 41

21 57

MUMMER
ft/ ld M doMsted en Jr.
42 IMMIX* Mx pc t

and "NNW OIC LUIS
AS COM IMAM 

ko00,000

MAGENTA ELECTRONICS LTD.
EU11. 124 IMIMTER SMELT. binso0/4 TAINT. STAFFS. 0414 2SI

ODOM Si NORM AWL MIX ONLY

ALL PRICES INCLUDE VAT
ADD 45 PbP TO ALL ORDERS

S A E WITH ALL ENOS/IMES PLEASE

-0" 011 BP/00ert WO me mem men 
M  eirovo

111t7 r"--0.41
LIIM=C:114

55,5e. W baubmve ImoC w   POO

1011 ETI APRIL 19112



POWERTRANIS
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AUTORANGING
CAPACITANCE

METER
Look - no hands! The only control on

this piece of test -gear is the onloff switch; the only connection is
to the test terminals. This month - construction.

Design and development by Phil Walker.

51./ TO
DISPLAY
BOARD

1C4

9V VIA
SWI LED3

OV 70 0

OV 032 WE/

DISPLAY k k LEDA

BOARD

OV 1131 -VE /
4 - CATHODE -9V
 - THROUGH BOARD LINK V A

SW1b

LED4 LEDS

0 0 0

02.0.H.

R15 03 R17

R21

0 04 _4 R16

(--).
05 "'"

TO TEST
TERMINALS

ISK1,SK21

Fig. I 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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PROJECT

This is a fairly complex project and
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 else
Ensure that there is a hole through the
board under the PR1 position to
facilitate adjustment later

Put links through the board at all
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 T092 -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

OV

5V

1 1

T T T

GATE 

CLOCK

RESET

LATCH

IC1b

7

7

Fig. 2 Component overlay for the display board.
Insert the link under the display first.

a. 4

rf.10SPL.:'

70

PARTS LIST

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
components and attach the logic and
power supply wires from the main
board Wire the remaining power leads
via the on/off switch to the battery
connectors and attach the two boards
to the front panel using pillars or long
bolts and lock nuts Our prototype just
fitted into a slope fronted instrument
case made by Vero Industries (see Parts
List).

BUYLINES

ers few unusual components in this proiect;
all the logic is standard CMOS. The IC M7224
and the LCD displas is stocked bs Wattord
Electronics, while the 11353 is available horn
Rapid Electronics. The two PCBs can be ob-
tained from our PCB Sersice, adsertised on
page 44

Resistors (all '.W, 5% except where stated) Capacitors
R1,2 470R CI 10p ceramic
R3,4,5, C2 1n0 ceramic
28-r 15k C3-7 100n ceramic
R6,25 4k7 C8 100u 10 N. tantalum
R9 101
R10,14,17,
21 100k
R11,15,18, Semiconductors
22,23 lkO Cl 741504
R12 100R 1% C2,3 74LS90
R13 IMO 5% or better C4 78105 Miscellaneous

Rib 1k01% C5,8 45188 XTAL1 miniature 10 MHz crystal

R19 1011% C6 40538 SW1 DPDT toggle switch

R20 100k 1% C7 40298 51(1,2 press terminals (one red. one

R24,27 27k 2% C9 401111 black)

R26 1k8 C10 40518 PCBs (see BUN litleit 3'1 digit LCD display; IC
R24,27 274 2% C11 40498 sockets; displas socket (if required); PP9 bat -

C12 40128 ten, and connectors; PP3 battery and connec-
Potentiometer C13 40118 tors; mounting hardware; case (S.ero 220 x
PR1 474 miniature horizontal preset K14 40018 156 mm sloping front box, order no. 65.25231).

IC15 1.1353
IC16 ICM7224
Q1,7,8,9, BC 1821
Q24 BE DR
Q3-7 13C2121
014 rx4148
LED1-7 miniature green LEDs

ETI
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BIRTHDAY COMPETITION

WIN OM WORTH
OF VEROBOXES!

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 -building 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
Industries. They've given
us a collection of their cases
worth £50, and we're going to
give them to one of you -- but
the lucky recipient has to have

answered these three questions
correctly.

(1) How many boxes in the
pile 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.
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FEATURE

TECH TIPS
Frequency -To -Phase
Controlled Power
Supply
Dilbay Singh (B.Tech), Crawley

T he circuit shown in the diagram was in-
itially designed to obtain a phase -
controlled power supply to use with a V.
horsepower stepping motor The phase
angle can be varied over the complete

C62V RAM AC

O
.12V

CI
1..0

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 frequency -to -voltage converter Cl,
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 DC -shifted 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 phase -controlled 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.

EREOUENCv TO VOLTAGE CONVERTER STAGE

62
11.0

RI
125

6

2

4

ICI
3 R4

140

ZD

C3
4.7

611
01 1140

RIO
1k5
2W5

If
1513

4

01
1C2

7 0

02

202

I

67 RI
626 7704

101.

66 703 ne
Isc

CI
1n6 CS

1000u
I6V

204

NOTE
ICI 15 555
1C2 IS TC42104
01 3 ARE 5C107
DI 14.56107
201 5V1 ZENE RS r\ A-\
SCR1 IS STVOI

612
774

RI4
'OCR

1613

C6
1.0
16V

R16
626

R17
10011

100n

LOAD

SCR I

Fully Debounced
Keyboard
Graham Kyte, Bezleyheath

This 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
high when a pressed key is detected This
stops the scanning oscillator (555) for
about 10 mS 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 I -K 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
P131 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

CL703
,C45

CELL

11

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 tooperate LE D1 If a flashgun is

NOTE
01 IS 0C107
02 IS BCY72
03 IS 2N311611
04 IS 2N3055
LED1 IS ANY LEO

RS
470R

91
esi

SW)

not used, the camera flash contacts
(SW1) may be connected to bypass the
CdS cell and remotely operate the in-
dicator LED1

NOTE
ICI IS 741
iC2 151513911
DI .2 SHE 1N914

Cheap PET Cassette
D.J. 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 tew
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
EDGE CONNECTOR

.109 VIER

--

SWITCH SENSE

OUTPUT

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 IC1

INTERFACE PCS

_
INPUT

SWITCHED 9V
FROM PET

1

MIC1

CASSETTE RECORDER

!PLAT' SNITCH

AMPLIFIER

MOTOR

y0 VE

BATTERY CONNECTIONS

Room Thermometer
J. P. Macaulay, Crawler

With the advent or 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 with 100% 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 or
PR1 which in turn is connected across
the stable supply voltage produced by
the IC 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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FEATURE : Tech Tips

Enlarger Timer
C. E. Basson, South Africa

The circuit of the enlarger timer can
time periods from 0 to 99.9 seconds in 01
second steps 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 to '9' go high in
sequence as the pulses 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
SW1 a will reset the 4017s and keep them
in the reset condition. SW1b will remove
the current from SCR1 to reset it. SW1c
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.
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%ail I
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Comprehensive
CMOS Logic Gate
Test Rig
David Ian, 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 with a 9 V
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

AV 1 ONLY - 6OTH INPUTS NIGH
POI PRESSED ONE INPUT LOW
P02 PRESSED - OTHER INPUT LON
ROTH PRESSED - ROTH INPUTS LON
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NAMAL ASSOCIATES

No. 1 CLAYGATE ROAD, CAMBRIDGE CBI 4JZ
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COMPUTERS
We stock computers and accept Sinclair ZX
81 in part exchange. Minimum of 120.00 is
offered for your ZX81 in part exchange for A
VIC 20 or Arcom colour Computers.

NEW
Domestic cassette INTERFACE for VIC 20
ONLY 07.00
Simply connects your VIC 20 to any Cassette
player A bargain at half the usual price

NEW
VIC 20 Memory expansion Packs
3K RAM E21 00
8K RAM £58 70
(Expandable to 16K)
16K RAM £83.48
Simply plug into the existing expansion port of
VIC 20.
Battery Ram backup available. Price n
application.

WE GUARANTEE FACTORY PRIME PARTS
In depth stocks Competitive prices. Government sr.!
colleges orders welcome. Please inquire for spec
prices for quantity orders. Please add P&P Cl & vA T

Minimum Order f 10 Access orders welcome

Lae fitlest_ Pmptiers ifeserve Lie `finest (kip

DRAMATIC PRICE
REDUCTION!

I he Electronics Today System A. designed
11) Sian Curtis comprises isso monophonic
Class A Fusser Amplifiers and a modular
pre -amplifier of such superlative
performance that they stand comparison
ssith commercial products in any price
range.

Increased production has enabled us to
slash the price of the complete system
(two power amps; pre -amp & power -

unit) by 3007o to £386 incl VAT &
carriage.

YES a 30cro Price Reduction!
But no reduction in performance.

fletalls and price list from:

cfituitkwaite KITS

215. High Street, Orford ( lunt
Iliiniingdon, Cambs. 10440) 411659

tn ETI 1102



BIRTHDAY COMPETITION

PROGRAMMA8LE CALCULATE

1_J_J-J-J-J-J1211111110L-J1.

J- JJJJJJOOOOOO
_J12100001.

!CIE 201131:313 WIN A
ASIO FX-702P

That's right - in this competition we're offering
you a chance to win the fabulous Casio FX702P
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 facilities
SS built-in functions (including regression and

correlation), all of which may be used in programs
Program or data storage on tape (using an FA2

adaptor)

All this would normally cost you L134.95
(recommended retail price) but it can be yours -

FREE - if you can answer one simple (!) question.
Eyes right

First, let AS= 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/viokt/red and divide by- the number of our
modular synth project. Divide the result into
VAL(RIGHTVAL4))- VAL(MIDVAS,5.3))/LEN(A$1
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 digits of a CMOS
quad EXNOR IC 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 - people who
know BASIC well hase an advantage), write the
answer on the entry form (page 133) with your name
and address and send it to us by April 30th 1982.
Answers to six decimal places, please.

RULES
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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.

Aahh, the nostalgia! It you're
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
given on page 50 in the bomb drop
protect; but for that authentic touch,
deft constructors can also fashion a
cowcatcher out of tinned copper wire
to attach to the unit!

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
the noise generator/filter output to
produce the steam train's chuff -chuff
sound. The chuff -chuff rate may be
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 'IMO
potentiometer
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- 470p

17 Ins

ID
sr

VCOOR
ELF
SELECT

cl
IV

Ni
SKR

Is

WISE

S1

Ill

 n

REM.
LATOR

cr R R2t. 2 R3A.147001 .1

elti CA/
T T -ra T T

330k 470k 56k

R4
100k

I LINK

Cs
low

cn

9 V BATTERY
Fig. 2 Component overlay. For
Buylines, see page 51.
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Fig. 1 Circuit diagram of the Steam Train and Whistle unit.
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HOW IT WORKS
In this unit the Noise GeneratorlFilter is
employed to produce the basic 'steam
engine sound, this being modulated by the
SIT to produce the 'chuflchuff' so
characteristic of steam locomotives. The
whistle is produced by the VCO, which is set
to a particular non -varying pitch, and the
output is switched into the audio input pin
to produce the whistle.

The broadband noise from the Noise
Generator is modified by the Noise Filter,
the frequency characteristics being
determined by RS and C3 connected to the
Noise Filter Control pins (5 and 61. The
Noise Filter Output is fed via the Miter and
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, R.3/R4, provides
about 1V8 at the VCO frequency to a
convenient pitch within its range, providing
a suitable pitch for the whistle. The VCO
output is coupled to the audio input (pin 10)
via C4 and the push-button, P81. When P81
is pressed, the whistle is heard over the
chuff -chuff sound.

The SIT frequency is determined by
Cl and RI, while the combination of RECI
and the voltage on pin Is determines the
VCO frequency. Output to the loudspeaker
is coupled via CS, a 100uF electrolytic
capacitor.

PARTS UST

Resistors (all '  W 5%)
R1 3301
R2
R3
R4
RS

Capacitors
Ci
C2, 3
C4
CS

4701
561
1001,
110

1u0 16 tantalum
470p ceramic
10n ceramic
100u 16 V PCB electrolytic

Semiconductors
ICI S%76488  see Buylines)

Miscellanous
P81 SPST push-button switch
PCB (see Buylines): SO mm diameter 8 ohm
speaker: PP3 battery and clip.
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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.

1ITI 43.,

Ply .41.- -___.'NWT 2

11" his project has been designed to
enable guitarists to put in long
hours of practice and still keep

that high power amp in the cupboard,
where it belongs! 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 have 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

guitar practice
arnp

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'
and 'C' connected together by a wire
link.

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 10220 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 P03 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 bolt 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. 1 Circuit diagram of the ET I Guitar
Practice Amplifier. The amp may be powered
by an external battery or from the mains,
using the circuit on the right.
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The two input stages formed around Q1 and
Q2 are identical. Resistors R1 R2 and R4 10,111
a vers stable biasing configuration around Ql.
The gain of this type of circuit is determined
by the values of R3 and R4 (specifically, the
gain is R31124). The load impedance on the out-
put of the input stages is in parallel with R3.
effectively decreasing the total s a lue sat im.

frompedance collector to ground. Remember
that, as far as signal is concerned, the positive
supply rail 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
for to ground is about 4k7.

The signal, which should now be around
200 mS , is then applied to the input of the se-
cond stage through potentiometers RS 1 and
RS 2 The 22k resistors R9 and RIO 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 Q 1.
The soltage present on the collector of Q3 is
around 9 N. which is approximately halt the
supply soltage. This is used to bias Q4 which is
an emitter follower. This type of amplifier has
no voltage gain hut prosides a low output im-
pedance to drise the preansp output socket.
Q3 has a gain of approximately 10. If the
volume controls R%1 and R\2 are used in
their middle positions, the soltage out will he
around one tenth of the soltage at their inputs
since these are logarithmic pots. So. the signal
voltages into Q3 should be in the order of
20 m's. This will be amplified to a lesel of
200 m\ and applied to the input of the power
amp. The power amp has been designed to
deliser full power with an input soltage of
300 mS , so the amp should be easily Arisen 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 to be robust' The basis of the
output stage is the I.M101 op.amp. This des ice
gises all of the voltage gain in the power amp.
The output IC 1 is fed through a voltage
follower QS. This has no voltage gain and, like
Q4. serve, to decrease the impedance feeding
the output stage. The three diodes, 01, D2 and
D3, maintain 1%8 between the bases of Qb
and Q7. Each of these transistors will drop
approximately OX. bacrosstheir base -emitter
functions. This leaves a total of OS 6 to be drop-
ped by the two 13R resistors, R24 and R25.
Since these are of equal value the, will each
drop OS 1 and hold this voltage across the
base -emitter functions of the two output tran-
sistors Q8 and Q9. As these transistors require
OS 6 to turn on they will remain off until the
applied signal soltage causes the voltages on
their bases to rise abase 0% 6. The extra CIS 3
needed to turn on the output devices will be
supplied b, a mere 10 mA of current through
the 13R resistors. Resistor R22 forms a feed-
back loop around the entire output stage to
decrease distortion, stabilise the DC output
soltage and set the ()serail gain of the power
stage .4 process too difficult to go into here).

The op -amp will at all times attempt to
make the DC soilage at the output equal to
that soltage set up on its posit's'. input. This
soilage is determined h, the potential divider
formed bs R18. R 19 and R20. Since this is also
the main input to the power amp any noise
which might be on the positise supply rail (and
supplies can get vers noisy sometimes') will be
communicated directly to the input of the
power amp, only to be amplified and applied
to the loudspeaker. Capacitor C12 presents
this from happening b, bypassing to ground
any noise abase a frequents of around 0.1 HI.
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approximately 250 x 210 x 80 mm.
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 a 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 fully -loaded 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

ETI APRIL 111112
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PROJECT : Guitar Practice Amp

T

POWER BATT MAINS

PRE AMP
OUTPUT

BRAID

Fig. 2 Component overlay for the amplifier.
The original design used a BC639/BC640
complementary pair for Q6 and Q7, and
these are shown on the overlay, but they
may prove hard to obtain. Consequently
the PCB we will be supplying is laid out for
a BC140/BC160 pair, which have different
pad layouts - the b,c and c pads are etched
onto the board for your guidance.

Powering Up
Make a final check of the wiring

and PCB. If all is well, apply power. A
slight turn -on thump should be heard at
the moment of turn -on If the 'Input 1'
volume control is now wound up, some
hiss should be heard from the
loudspeaker. Do the same check on
the other input There is no set-up
procedure since the power amp stage is
operating in class B and requires no
bias adjustment

BUYLINES
tots of nice, standard. easy -to -obtain com-
ponents in this project, so you shouldn't
encounter any problems with supply. The
PCB will be available fro our PCB Sery ice at
the price listed on page 44
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PARTS LIST

7000

I ARTA CONNECTION
TO CHASSIS THROUGH
MOUNTING SCREWS

Resistors (all 1/2W, 5%) C16 1000u 2; PCB electrolytic
R1,5,11 3901 (17 2200u 2i \ PCB electrolytic
R2,6,12,20 47k
R1,7 618
R4,8.14,17 470R Semiconductors
R9,10,19 22k IC 1 LM301
R13 Sk6 Q1-4 BC S49 or BC 109
R15,16,21 212 Qs BC 557 or BC 1-9
R18 39k Qb 8(140
R22 1201 Q7 8(160
R23 417

Q8 TIP31
R24,25 33R

Q9 TIP32

Potentiometers
R\ 1.2 221 logauthrnu

Capacitors
C1,2,5,6,7
C3,4,8,15
C9
C10
C11,13
C12
C14

ti \ tantalum
100p disc ceramic
1Su N, tantalum
470u 25 5, PCB electrolytic
2u2 35 1, tantalum
47u 25 5, PCB electrolytic
10p disc ceramic

D1-3
134-8

1N914
1N 4004

Miscellaneous
5K1-4 mono jack sockets
SKS DIN socket (or other type -

we test)
5W1 DPDT toggle switch (mains

rated)
SM 2 DPST toggle switch
Transformer 02-012-0.20 5 Al; TOitype PCB -
mounting heatsinks: PCB (see Buylines): case
to suit: mounting hardware.

ETI
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The MICRO-
PROFESSOR

MICRO -PROFESSOR is a
low-cost Z80 based microcomputer
wheth provides you with an
interesting and inexpensive way to
get into the microprocessor world
MICRO -PROFESSOR is a
microprocessor learning tool for
students. hobbyists and personnel
It is also an ideal microprocessor
educational tool for teaching in
schools and universities. Besides.
MICRO -PROFESSOR is more
than a learning tool It provides a
wide range of applications such
that you will be surprised at its
amazing power

The main object of MICRO -
PROF ESSOR is for the user to
Understand the software and
hardware of a microcomputer
Icily and conveniently Besides

26

the complete hardware/ software
system. you have the User s
experiment manual available to
you It includes self learning text
with 20 experiments which range
from simple software programming
to design a complex electronic
game

2K bytes of monitor source
program with documentation is also
provided in the manual It shows
how to write system programs
including system initialization,
keyboard scan, display scan, tape
write and tape read
APPLICATIONS
Learning and teaching tool
Low cost prototyping tool
Low cost development tool
Tester

MICRO -PROFESSOR is a trade matt of
YuRrtscPi ariclustrtar Corporation

Process controller
Electronic game
Electronic music box
Master mind
Timer
Noise generator
Home appliance control
Burglar alarm
System control srmulatio'

and many more

Low Price, High Capability
experimental tool for only

POWER SUPPLY P & P

A 9V. 0 5A Adaptor is provided

Lao * a trade mark Or ZAN

ETI APRIL 111112



solves the'mystery'
of micro-processors.
TECHNICAL SPECIFICATION

CPU Z80 CPU high performance microprocessor with 158 instruct,
SOFTWARE COMPATIBILITY Capable of executing Z80 8080 8085 machine language program
RAM
ROM

INPUT/OUTPUT

2K bytes expandable to 4K bytes
2K bytes of sophisticated monitor expandable to 8K bytes
24 system I, 0 lines

MONITOR 2K bytes of sophisticated monitor It scans the keyboard and executes
the command entered immediately after the power is turned on
The monitor includes system initialization. keyboard scan. displas.
scan tape write 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

cassette tape
EXTENSION CONNECTORS Provides all buses of CPU. channel signals of CTC and 1/0 port bus of

PIO for user s expansion.
COUNTER TIMER CIRCUITS Socket is provided 280-CTC IC extra
PARALLEL I/O CIRCUITS Socket is provided Z80- P 1 0 IC extra
SPEAKER AND SPEAKER A 2 25 diameter speaker is provided for user s applicationsDRIVER CIRCUITS
USER AREA Provides a 3 5 x 1 36 wire wrapping area for users expansion
POWER REQUIREMENT Single  5V DC
USERS AND EXPERIMENT Complete self -learning text with experiments and applicationsMANUAL
OPTIONS, Picizis on application) Z80 - CTC EPROM programmer board Prototyping board

Z80 - PIO Speech synthesiser board Audio Cassette 2K Ram
36 keys including 19 function keys. 16 hex -digit keys and 1 user
defined key

KEYBOARD

Use the unique MICRO -PROFESSOR to truely understand the inside workings of microprocessorsOpen up a whole new spectrum of protects in home electronics. or simply use the MICRO -PROFESSOR as a practical learning/teaching aid.

11GHT
Flight Electronics Ltd.

( TI APRIL 19112

To receive your MICRO -PROFESSOR Complete the coupon today
Please send me MICRO -PROFESSORS)
I enclose cneque/P 0 for £ (  £295p&o)
Name
Address

Please allow 21 days for delivery
Flight Electronics Ltd. Flight House. Quayside Road

1,13Bitterne Manor, Southampton. Hants SO2 4AD.
Tel 10703) 34003/31323



Ma a0 01 COMM111113 M UN 00 'A 
CESIO 11.1 re
SVGA MID 4:11.111117 lE41.11

 
il ND Ow* los El%

Ms. Om

 as *IS
TANSSAIM ABM*

 .3 Mom Sao 116 
Om SI   So Oa OOP OAI  .   Mew moo IS Om *N. MS as

111051 0,81 an01.A LAM a 1 0  Soo I  
elm Ns. Wawa10,211   w Soo   

4m. 1  "'wow  MOM  ea net=es
'IV 41 ...1111i* CIIIIVI Mim 11 ..

WOOSS.-. .0  COOSEOLS WA* low Ss.* ma  mow .Saw
E mma r11 OE SEW MopMI
RP** 110906 - SSW a  . was  NE sum 11 soft

NOVO* -M Sao Woo   ma IS WO I  I I   t MAO PPS  Xis
M M NO *WM asMA** S'MM I mom. MP  de  1E00 '1 No*oso11001 Pt    Owe  S  I  IS  
111110.1/111
SLAM 110010 EISSEINW. Ib IS

allEICE P. =me. moo* - 111 SI=IW IMag.130.110 PAD Feb l I  7 AO  V Am. ft* *mom
Mama ~ANS     WO EA* IA IN= aft  s VS 0 IS
we  real OMICSS on. so Immo IoE Cam 101.  Oa .011ow.
ay* 0001311CAPECEEC011 +a, Sank PIM 0
* WW1 CANOED'S   1SE Ze  1111,1   I I Mas
MAIM

  cm...WOE Ilego a. 111
t CAPS OA.* 1SY SW* SOO PM NAV MS OEaka

ClloCE.CO  -w GPO 1160 MANN MP*, AM  t Oft
MO EA E.* 46.  mows   n on*
MACS aft  *  C.... a.. *row M Mr(

lOPOCI  a  llos   Ils as
MOM
IftIVIPOISAINS  Om* No.Amor& *so   Am.  Ala*SAII Om*  MIA  Pa  I  I' Us. *oft AI Om

our I. *VA Swill    Oft. Sip*
SAM ow. lot 34I Els UNA loms a EA
'a. owe I* NSW bow       AI aM li

  I owe* EIV walla    l  f a.
bra.  MANE *ma 11.1 P1 IN woe  Aft a IS WA IR
Mpg-

  IMISS/0  II Ell II  oar M' Al It as
N ORM

00P  *WM    UV  .o...
owe*    C.asasw1.O 0101 MOM as
Eft11 NOV US   ..ENE SI Cr w 
NS Poo elm 0 OA* MO ell III *MS Ogroormal M.or am
t  Don 011145 as Soo .1311m
OWN gm, 1111.1111111110 CANCIEISEIS  swan* Imam

=CS 145 6 Soso Mss 
E AMEN*  K  Aso  1~A*  0 *amp Yuman. QM Ca OD 1  C Mien wo aN/1CwMa
Case,   14.660  Eno+ csoo Awn* row

Ay. MED - Imam. OEM  68.0 11ASO   le  -.a OM .10 1Mow V11 Coon*

la*** *** 4   . CA= on  4  V. *0 ID*AO a.m. AMA   pa% EmEIE  - =1* E  SI
Eartosio *lam +wow Ems to.  lima  1.
Imo PIM c -a.

a
 assCASAI EMI  **ft  *Om sm. 

MOM MAIO% CA*.  bp
 Woo CAo own of awn Open area WOOS

/% Ili Enna
MOBIL

MW MOUND 1111111011 rEs mope
Mom 'AO 101 PA MP - MO *11 AIM OBS  a
MA MOW CYl  *moor NV a dE.E.
I* C IS
OK   .w ir ma 0,
OK  ye/ .10 %Asp a. %I..",
SOMA *401 * %Al* =AV  ear.
EEEV01111A ARAMS - ape pe
Sr7 A.r as a.-? 0. ACA As. al MI ea .w ACA as OKA  .AO MAO, Jima. 16 Mss061. 6 0.., 10 sugale.s o.    OE Ogg OS
moA raga% NAPE   we. mam...6 ow a 
cw

OM w CINOSIOPII  Mr   WIWI CO 

C IV* Oa so
VAMPS MOM ObelltTO Mir° SS
WAS Idla Vas
looll .4N MOUE C'S a
ADvahal 110101141L/ GPIASAEC /IA

1 II ..

INN1101111111111
Miele ASCE amebae  IP or away

awns roma ow...
.ea-wAcA CAlmi

OM SOMA assow ISIS
ME 5 IA "mg,

I

11 V*   Ey*   Ey*  ye, AYE _.-.. 
7  S.M. ERN. moo ENS Ca.
 At. Imo CS PAW 0 0 E  *Am 0.0pTEES   AEA
 91/ / %ME.

DER.A.E. Coops**Ey* Ws** C...nal W
rEvi

Ors* vim MM 4.
4: .- -

5.4 .E.11.11 1

MM  ~AI 111411WOO 
ova 'III

00A  to E..141

104 TEN 1111w .I ' I 

11110MS WPM lb VOWS MORINO
MOS Seas Van A. 6 1.. a.w fa

KOPI SEEEA CAN mew    ARA NM = r NEAP M    ENE  .  . Sawa. 11.    i Awe ..mo woo as  NK. A   **MK OPP   Sil cop

0.11011MUM OMER OP 00000 D 1.400.11ALAS PACPAGING a PO/TAO, II SI VAT M 11% MUST as /ORA IsTOTAL dik5501UPACKAcilesti.M
PWLIK woos mummtows mows NM ANNA PACKAGING Eno Pamsaos wow Niro w Marmasacrwi raw NO. CALLERS NEM INILCOMI Ste' 

SIFTWEEPo bpro- I pol. SAnnoo. , tor . me SA IC:  VCAPPD I VISA aeol AC CE SS USW WOO Orden opilcOoSi

CHILTMEAD LTD
NOR1NOOD ROAD, READING TELEPHONE NO. READING 669656

.3.4 ow.... WI pose Mod*.  . 

l 11. A*101111*  *Wm JOAN libEEL   a. Il Dr. 110116 Oft*mei al* LAIM asAS APIS we SIMP *NM lb0400  No*  Ile  EN IMP MS.
OWASSO carol:ram ON, ostESP

X"Vann CAPaallailat aaios
so II OW oase

0 so WWI* as Atalle
11 CAWEGISS MINA Lam..
WIDOW Op 1/ NA &a AO a OPINE
ILIRTMATE1C CAPACEela

k mar.
LIM',

10 MI
.11w *WA SI'a AM Al
xi* isa* is vs Warm.m.o.

NW 11a. WM
se ./paisnIES IV= 1111111 M lbMin W C *

0 WO w'' sapper
I Ell'  S' ISSIP

'Na
LAMS
WW1 
MUM
1.111
AMP.
.1111
.1011109

en VC 'MG
AGE SPIE OD tr. orOIL S. rat Hp AC al/op

OW APE SA MM WV Ors boaPp run
Aas$ ALA, MAO CAI Ea all I

ea% MY WOE  MEP
1. 01  ANN SPCA rlp win ma. t's
a MS IA INDS Igoe v IA.** tam ... -MB

E 'AAA. ma Woo lip Min -,-.1
Op1000 I AEA VA MEMO UNA 'VA
 a Emilow  IS * MICSAlt "PO *MOM  hems. =it ' I 
MO ow.% Iwo" ap MAW. MOD 116
allaaa I, MINI rum. lib
:41.14== O. Up mig I

na.... alk,vs.. gibRas Slit
ELaso lb
%MN efts
Nat lbnal Ii
...Ado MI Nip
*OM 1116

1,411$ ismerroja
MON
Pro oo +toSol

..00wr.
Pio SO
MAO. MID ow
EEIP IMIEEEEEIE=01
rEEETOCC4.0 ESE: IA.P o.  moo
mow pm. woo
NB los sap** 001 10.0
 CA ON. so ErporgArict

145.

a.
a.
a.

aY SEI
fooll0111111II. Eft
wiDEORbor

t.
op

IESAAS C-

aa01011ow,

Slp

:=11
'IMO* lb'rime Ile

MOS
GPM
NON

aMN
MM
ION
ON
0.10
or 4/
owl
ORS
MS
MP,
ASP
AMP

ON O
PO.

11111

5
Ole

or
AS
ASO
MA
MV
Ma
Ala
Man

M
goll
EON

Ara
art

AP 
OA.
MP
Oa o

00111 ETA All
OM. .10 ISM Easum a Loa
t5.4 aI

"listNI  2

a
op
es
No    
Pre ':'
El 0
/113 ,V
a.  
110 nor/**

rasp
assaswig

ININV
Eva
WEI

3.0
'S..

MA
MO
*01.

*NS

SOWNa.
Na.
Na.
SI11

I
HOOT

7455
111

14E11

PP=

10.16 a.
111E Alp
rola SIP

SRA

7I a 60 US 4,
*AEA a  Is bp
OCT I a SA OD li
ME  .10 ISS
SCIE a a.« Op OCTAL a SE Ea

EC a' la an at et, wa
a la at *CMS 1p pm. m
Et -a 1* lor-o. No Naas lapKt lie won wasS. sus a SUMO ma

EIE KAMP OM
.4".ps". pip K." Ea WC* 11*
.C. /0 Op 'Co' a too*Or 
Ac's Epp SCS a *AVMacv. soma' a was or
AC's Op WOO 0Cli IS op
AD.* IP SC.IS ocn1.0 VOp Kris Op *IS Sep

AA:

S mobil scar=

45111/ awl* scvOCEraft 1101. wi,oripp

maw Am SOIN

Km
2,

S COOP Op
NI I) a NOT t as OS
Nn"  WS 1011-11 81/1 *MI .
 Cl. SO 110.  X. 0111A asp
SCI Mr so.. ima was NO
KIN msp aims sma ova NoSC. 1/61 IOWA ..
ampSC

itaalp al a la c a.a.. a a la  r  `'s.
allvt, 1.1I Ma: Nal* yr :11 11.0

rieel 10.111 s Pro " a 44 I I "1:1 cr7:3:183 I

lKIR irtg au"'I

sari as
WIN op

"'Pa*:

' "In

a
f
le
a
a

a

EA as
arnal

S lb/11.
PnIP~re be

MIMS
Mae Oft

WO

on 4,aaa,mum .
0, MaeMD sae IF11  

man as
MINS REEIPAIIIS
PIMA IE.Ma* ..."17111.
PAX* 'a 01
SEESIS as 10EI
man. ars
raw ue
saissis as aim ow
POWS SIP
POW Elb
boa as
am a, SUSS

SISTESSAt
10et  ea

PA. a
PIMA
WA OBE
a. Ill
lea GM/1 ti3a=
55

5* Mb
/Ur f
r 

411.

a E. Mbspo
A. NO IAAa.

Maas

NOM
Al bleb

MAIL 011055 ONLY

DELTA TECH & CO.
52 NAYLOR ROAD. LONDON. N20 OWN

TAM 01 445 11224
Poxes ina.lud VA1. Add 50p PbP

1 41U:CYS asapv  mot  Sod '.M

1U



A moving coil
artrid

breaksgethe
that

price barrier!

_JP V
the new MC88E from

CORAL
The new MC88E represents a breakthrough in high

output moving coil cartridges. No step-up device

or amp is required and it is available at a sensation-

al price of only £29.95. yet generating high magnet
The high output voltage of is flux density; compliance
2.5mV does away with the of 17 cu's. The result is a
need for a head amplifier or cartridge with flat frequency
step-up transformer, which response over the super wide'
add to the expense of using range of 201-1z - 40KHz,
most previous moving coil removing the distortion
cartridges. caused by certain frequencii,..
We can t emphasise enough, which can be found in many
lust how advanced the tech conventional cartridges.
nology that has produced Coral's considerable exper-
this breakthrough is - a ience in moving coil cart -
miniaturised and specially ridges has enabled them to
shaped armature; unique offer the ultimate in quality
coil winding technique; a and performance at this
magnet that is so compact, incredibly low price.

 We welcome callers to our South London Showroom
for demonstrations.

 Engines and information phone: 01 690 8511, f x 3?
All products are only available direct or from selected

authorised dealers throughout the U.K.

VIDEOTONF 98 CROFTON PARK ROAD
LONDON SE4.
Send for our free brochure and
details of outlets in the U.K.V

NM 1111 ME OM II= NM tM
I Post to: Videotone, Crofton Park Road, London SE4. E 1 4
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keyboard E25 75

Case For keYborlad E10 30
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gramming for real applications
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Part typo

4116 200ns
4116 25Ons
2114 200ns Low power
2114 460ns Low power

1 off

96
90

1 20
1 10

25 99

86
60

1 10
1 00

100 up

66
60

86
4118 25Ons 325 2% 266
6116 150ns CMOS % 4 45 3 65
2708 460ns 1 96 1 86 1 75
7716 460n 5 volt 2 25 2 15 1%
2716 460ns three roil 6 40 600 4 96
2732 450ns Intel type 425 3% 335
2532 450ns Taes typo 425 395 335
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MONTHLY IN
ELECTRONICS TODAY -
YOUR OWN 'WHERE TO

BUY IT' GUIDE

BEDFORDSHIRE

BROADWAY ELECTRONICS
1 The Broadway Bodto,d

Tol 0234 213639

HAMPSHIRE

(WU flECTIIIICI
3. West Street, Fareham

Tel 103291 234891

Ok

LOOKING FOR
COMPONENTS' HARDWARE'

CASES' TRY YOUR LOCAL
LISTED STOCKIST

S. IRELAND

25 Parnell St, Dublin 1
Tel Dublin 740662

LANCASHIRE

ETESON ELECTRONICS
.;rogrgn

vide Biackpooi
Tel 1025.3 06107

L

FOR YOUR BUSINESS TO
BE INCLUDED. CALL
ELECTROMART ON

01 437 1002

S WALES

CPPOGIT ELECTPCIID3
Chancery Lane. Cardigan.
Tei Cardigan 102391 614463

WILTSHIRE

carniab electronics
27 Faringdon Rd Swindon

TM: 10793/ 34917
Oven t

Olkekte O. at or..

HERTFORDSHIRE NOTTINGHAMSHIRE YORKSHIRE

GODDARDS COMPONENTS
110 London Road. St Albans

DAMON electronics
99 Carrington St Nottingham.

In'
A "..E

ACE MAILTRONIX LTD
3A Commercial Street,

Tel St Albans 64162 Tel Batlay. Tel: (0624) 441129531110 (mail coder available)
Chan 6 days 9 Men. 5 32cr,
Scetrlehekb a TV FM coo'

Mon Fr, ciern-S Mary) iSuf
P.,4 . a^ 1 .*. NC -AVM:*

FOR SERVICE AND
CONVENIENCE - USE
YOUR LOCAL DEALER'

TYNE AND WEAR

AITKEN BROS b CO
36 li.gh Brsclgio

Nvoceille Upon Ten*
Tai 32$722

PLEASE MENTION
ELECTRONICS TODAY
WHEN USING THESE

SHOPS'

If you would like your business details to be included in Electromart please fill in the
below coupon and post to Electromart. Electronics Today International. 145. Charing

Cross Road. London WC2H OEE

Please include my busmen doted* in the next available Roue of ELECTRONICS TODAY INTERNATIONAL

BUSINESS NAME

ADDRESS

TEL NO

OPENING HOURS

RETAIL WHOLESALE MAIL ORDER 'Please tick)

CONTACT (FOR OFFICE USE OMNI
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Has seven years
of success gone
to heads?

MPROV ED
NEW

With the Minimax I Videutone revolutionised the metre.
by establishing an opening for small high quality speaker,.
Natural evolution has b ought about the new Minimax 2
retaining all the quatillstat of clarity and sensitivity Thts
ideal combination of site and performance is a proven
success. acclaimed by the press and public for seven yitar
POPULAR ISI.P I

Stotenne to it., IIInonaas
'con any of Int ethos cnoduc
nd en aeon and nattsal sound
N though something had been
Taro ermay. It had. the colour 
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PRACTICAL 1411111 Aurae

The depth. COMIty and open.
wes of sound fooducod o
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WHAT 14141
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fear 70K Hrt Sat
F.non natural teak. ~oat
with Mack f'rtS
&AP to ii high. 3 4-
71 7 deep
Weight 4 I age i9 Iasi each
ONLY 011111.911 A PAIR

 We welcome callers to our South L..
for demonstrations

 E movies and information phone 01 690 8511 L. 32
AII products are only evadable direct of from selected

authorised dealers throughout the U K

VIDEOTONIEr 'A CROFTON PARK ROM)
LONDON SE4
Send for our free brochure ..f)
details of outlets in the U K

PRIM 1\.," .....
London SE4

INAME

IADDRESS

MI MUM OMB MI MN IM ONO IM IM 111M1
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1 -COMPETITION
ENTRY FORM
CRIMSON COMPETITION

IGNITION COMPETITION
1.

2.

BIRTHDAY COMPETITION
1

2

3.
4.
S

6
7.
a.
9.
10
11.
12.
13
14
15

16

17.
18

19

20

VERO COMPETITION
1

2

3.

CASIO COMPETITION
The answer is
to sits decimal places.

a
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ma . .WM6 gybordoe " O."rimboromor We/ arragMabb
I mgammy or AV and Moo Momm ... my. almab
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flt 1 .war .. SD go ramalmod Sae 
toroyegymagyay ma by mapped moo comma.....
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PCB FOIL
PATTERNS
ro s

Above: the PCB for the Voltage Monitor.

, 0

0 04

::. 0 aN,
I))

CI gooo 0 0°

Above: the two foils for the double -sided
100 MHz High Impedance Probe PCB.

Above: the board for the two sound effects
projects.

Left: the board for the Guitar Practice
Amplifier. 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.
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PCB Foil Patterns

r-0 ETI REVERB.

Above: the foil pattern for the ETI Solid State Reverb unit.
Commercial firms should note that this board is the copyright of
Digisound, and may not be reproduced for sale.

_c)1(.3eopj

CONTRAST

iirrao

Aho}e the board for the ETI Contrast Meter. You ma} use the board
as it is or cut it in two where marked, as we did.

ETI APRIL 1982

Computer
Programming
BASIC
I I II III 0 et9 

Imm

r

I

(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
oven need a computer!

L10.50 inc pep

ZX81 Supplement
When used in conjunction with the
a:iove course, it enables you to
apply your knowledge to the
- inclair ZX81 microcomputer. It
-.eludes some amusing programs

help get you started on the
w machine.

50 pence if purchased with CPB,
75 pence (inc p&p) if purchased
alone.
Credit card orders may be phoned
 rIrough on 0480-67446 (24 hrsl.

Cambridge Learning
Unit 14A Rtvermill Site, FREEPOS I .

St Ives, Cambs PE17 4BR England
VAT No 313026022 Giro No 2789I59

and packing Jr -r411 ,.'t.
oayment Inyoicel. Overseas customer.

Id send a bank droll in sterling o.
don bank. or quote credit card numb,.
lays for delivery in the UK.

oaring!, No risk to you. If you

Computer Programming .n RASIC ICPB) C10.50
7X81 Supplement 50p with CPR

75p alone
FREE BEMUSE

I enclose a cheque/P. for
Jr charge my
No Lapiry dale
Signata-e

Addte.,

credv.

Cambridge Learntnc Ltd. Lim 14A
r 1 .. flit/erred' Site.

I
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I
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DIGISOUND 80
MODULAR

SYNTHESISER
A s,rithesaser for the professional and amateur
keyboard player, for education and for the
beginner. The DIGISOUND 80 suits all levels
of keyboard skill. If you want to know how,
then read on.

BEGINNERS. A
a price comparable with pie set types The Ui(JISCh,
80 has unique facilities and you can learn at
electronic music synthesis with the ad of our U.
Manual. When you are ready to go beyond the 'r
synth' stage then simply add more modules to suit
requirements and your purse
EDUCATION The modular concept is ideal for Matt
both music and the physics of sounds The mi
processor add on converts it to a protect of even *
apphcatbon.
KEYBOARD PLAYERS: The use of the ALPHADA(
microprocessor controller allows up to 16 voices i
polyphonic mode es well as providing many o!'
time keyboard control routines. NEW ret
composing/sequencing programs provide you v.
opportunity to create exciting music - imagine
back a composition with each voice set to a d
instrumento
KEYBOARD SKILL: The ALPHADAC programs t'
facilities for composing and recording in br-
and not real time The latter allows entry of
speed and subsequent playback at the required tempo.
T rt 10 ol, ?one mode es essential to synthesists of

boon to the experienced player
THE DIGISOUND SO - IN ANY CONFIGURATION
- OFFERS YOU THE BEST PRICE PERFORMANCE
CHARACTERISTICS
Kits supplied ex stock and ready built modules. or
complete synthesisers. are available to order
NEW IC's from Curtis electromusic Specialties.
NEW modules. NEW users manual plus easy to
follow construction notes
Write or telephone for more information from the
ELECTRONIC MUSIC SPECIALISTS

DIGISOUND LIMITED
13 THE BROOKLANDS. WREA GREEN
PRESTON LANCS PRAI 2NCI
TEL 0772 683138
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Courses in Electronics
BSc IN ELECTRONIC ENGINEERING
A four year part-time degree course for mature students Of particula
interest to those engaged in Digital, Telecommunications or Control
Systems. Entry qualification required is an HNC or equivalent en

Electrical and Electronic Engineering or Applied Physics. This CNAA
degree is considered by the Council of Engineering Institution -
meeting their C.Eng. academic requirements.
CEI PART II
One year full-time or two years part time course in preparation for tPl.
CEI Part II examination which is the present academic qualification I -
Chartered Engineers. Subjects offered include Electronics, Communica
non, Control and Computer Engineering. Entrants should have passed
CEI Part I or have been exempted: holders of HNC and endorsements o
HND are so qualified.
tar the dole'. and 1996 cation forme are evadable from the Inforrnehon OHKs. Roam 1306,

:ernioncigserwe College of Atte and Technology. Cambhclo cot 2AJ Teapphone 102231
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CROFTON
MONITOR
10 MHZ Bandwidth
P4 Standard
Also available with
P31 Price on
application

NEWiiiiia MONITOR
High resolution
24 MHz Bandwidth
P31 (green) and P4
high resolution
standard Price on
application

Dealer and OEM enquiries welcome

CROFTON ELECTRONICS LTD
Gtosvonor Rood Trockenharn MatNut T1141 11A0

01 001 1023011113
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FINAL RADIO AND
ELECTRONICS

EXHIBITION
AT BELLEVUE

by the
NORTHERN AMATEUR RADIO SOCIETIES ASSOCIATION

LANCASTER HALL
BELLEVUE. MANCHESTER
On SUNDAY 4th APRIL 1982

Doors open at 11 a rn
TM North s Premier Amato. Radio sod Destsenice Ives* ewes or 0  C Canso Armor Ow howls limas   Sawa 1 T.

Nor 010 -141111111181
The 11 44/. 144 1.44.4 fts

1 ...we kW
111111011

Lae 1111114114
 111 area Moos
  6 elsaserro
0 S lemorstaas
Nam 11111111411- fir
J Pawn
toss ellessess
Wow lisorarasa
 SI C our Tomes/ co
seams Vulva

*wow." Nolo taaftwor
V. . Rome snow 141
Mom  Mode
Mow Cows marye  
Tose=LAN  ands
Now Ca.LW
Ow* 1141111

Ova shosoo
Maw Cwwwwwwww S   ears
soros ammo Jhuwo

11116 lOso am., ow Woo
M To% dr, WNW  MOS A  14111PO 0.1

we so 411110Ie Crs sue sae 41114
ADOISSOk NO Ir AMU Mesa MCI fraserree my Ao
WIN AT NAM C ULU ONOSITS MIA C   PIsa

000 NMI KOONS,

So you've fancied some
WHARFEDALE E90 speakers -
114 11141 ewe  wow I of.  Ow. r OWN., -
wow Owe ay
WWwlow 
a. owe Ma 
Ow ~admit
ISO 701110
Abs twos 110
SIM NW
111114411411 44111
0111 04/414/4/VOW 
 wary
alowadoroW.
W ow. w.11
01010,001
I Wawa

  411810  1111

'va Isla cordon OA cabana compOnerts - WOO I  
a14 -1111 Orme touts. crossover 1101W10rk OMANI 0110011. mesa
pen own. rails Odes borrows. ones latex as The camels can Si
peresed or owned o ansned wen won on LOIN. footpad
64 WIMOOK W 1001 - no shectnanc a 0.00wolnqj
luicnaiedge necessary
hypes (110101111112 row paw anceste VAT cartage and wrokoonce ( 

EEO U E220 per par otiselari VAT cameo, andmoose(' ( 
HO U £330 par pew loschahres VAT. cameo, owl reoureoce 10

ho E10 U tan wow par ow1wW,r41 VAT. WNW Ind snorrence 110
Coot v.v. swam 04411 7^ -.. -.414 ategpil 401.1114 31 1 AF111

The lam sal Imam

35/31 Church Stmt.

01255216//

Wilmslow. Cheshire 5A9 1 AS

loo 10 whisOwno c Gra wiloni. F3

MIXERS,FADERS,
VU 1 DRIVERS

LT1

ALL NEW FROM ILP!
Metees00011211 w asawmplupaso awes bar 11.011mawas el ere 1.low supposcs mom - seas sso waft FOR 0,10011 ma ma A op

utorsimmus
ato a ftMcaerAragetoteear ya an wen sinowe

0elyiem *eer Ns Ire Isseislesenseelyersale wear aserely
Was ceserycen  * els al SWUM

Ivry Ss see il anis I goy at weir pram ins gowns Si
omeNo die Is use - sew la Se kaput taw sum lowINN
"Oilft Saw OW I Om DOW

gown ..L tir
 

..
IN 7 Owi Moro 1061 rocrWet de MI
was VW Ise Awns solo Qom,  was t (1 4 f ,w
IN WM OM 4.1 se - um mop s a4'opal els orka
11// 111 111114/41 1111111114411 nos f11 1 17 11i1O swat, spa re se
111 /1 UM Pe. 'eli 14.14 11. $ 41 l 1 ' ' 1" elCrireell inr0 4p/a11411 1111

-.w MD NE MS =OW

1111101111 NMman
OM
es lima /Pa  dm Cowl -lr

I

On t3 eV. IOU AM 0.1.00111. WS Lip 11011.11111/4/0

11 Gr Own Fanwe.ft SIP Owe Om     ow
Is ow will a

/, ?I Wm WOW
ilim IOW

  Imo was 1111 INSV 1' 1 'e

..n isomoo grim we won am MI lial WC es X ha Mr
es mins room Orono ara re

olo II OM WM
rues

411111 UM RV %mos114111111 so% essoody re or
so soot es we

el, 77 UP. VII leffigimara Not Mill:.pos 110 was.g gueownil
  Emmy NM IP meat orol 1111 poet eV  Pe s
us awn% Nos v. mom seown fl 11 Ins it Won to,
*Si gala w 1111111110111 /0/1 110/111 1111/11 111111 211111111 r 1111111 1/111 '

 dilvaisire 114.6 drop ison row mew?. erSt um se saws re vsPhi 0 are wove id Odom  a NW  mown I'   will  77 .01Ohl JD  Ow

ales1111181 WO PM SWIM RPM
Dowse Imo, bp(Pb do ompiemiraggiir tee Po yew tot k

OWN re owes ease star weft oritiongmetars ell peas sass woos sewage roe 5  IC  206 woe* osewar ellsaleneateseds leaser *art/MI tcnomr rtriN CoirearrainoNNINNO OM% Nis t5 $1n/
(11 f 4 TI 1
No  air kneel

Ur was mop  a eon* 11111  Sew a peir goeftes a .=Mr tlflierma atoulmerit dm a MINN  yes SlamClusatire perioNiteopmeamigspaNIMPSus caseawl wipirue Cog- (I %NW oar vow Apar10,4 Ai UR Wan MO /SO age was 7 MA iisq 0 PIN
OD

alms re Of PO 
ILP mum _

i SIP mecesearce _ _ _ _ I

.41.7(awas,..,...D.,..c..1.70°.:42 NI wriNc".
1 tow _ _

1

_
403ress

I

IL E3 I

I

ELECTRONICS LTD go/

rut la U Wows as Image: froth gib /144D 140. 111.1
tan41144 7 ! sow 'NOW'4444. . -  Serf les Isle

I

I

STAY AINFAD.STAY wino
ETI APRIL 1102

$43



6.
.( 0

.... . - F. , 2
n se i; t ;

O. 7 3
:3 2 .71*

(I i al g
.1, I i.: ,

p.
3,,,..

,,:.....,F..
..,.I. rzt

liilt%?.
IT6g gt§'Ig o 3RO a ; 70c
A . Ig F.,
 IP 40
t (4!

0 2
3Stv  °

C a :"1V. 3 i : A
2. -l  ..3 0

e i' 'l;0 . ..-

s .

I f i 1&
. ; g : tO

la

a

NCMC

0. -n cp

pO

3`33 

7 Pr

124F7 
V0
f,

3 0

10

It's easy
to complain

about
advertisements.

The Advertising Standards Authority
M an advertisement is wrong. we're here to put rt right
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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
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when replying

to all
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LECTRO-LINES
101 Ho.naull Road Rornford Essex ANS 3H

TN Rornford nOI 1

AM FM STEREO TUNER MODULE
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Price only £10.95 including VAT

An entire
range of
low-cost
high-
performance
instruments

sabtronics
Making Performance Affordable
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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 illustrated
brochure and poc list from
BLACK STAR LTD..
9a Crown Street.St Ives,
Cambs. PE17 4EB
Tel: (0480) 62440 Tabs 32339
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Make the most of your
Sinclair ZX Computer...

Sinclair ZX
software
on cassette.
23.95 per cassette.
The unprecedented pollutants of
the ZX Senes of Sinclair Personal
Computers has generated a large
volume of programs written hrusen

Sinclair has undertaken to
publish the most elegant of these
on pre-to:ceded cassettes Each
Program is carefully vetted for
interest and qualm, and then
grouped wish other programs to
fonn a single-subect cassette

Each cassette costs 95
including VAT and p&p and comes

complete with full instructions
Although pnrnarily designed

(or the Sinclair ZXBI. many n(the
cassettes are suitable for ninning
on a Sinclair ZX80 - if fitted with a
replacement 8K BASIC ROM

Some of the more elaborate
programs can he run only on a
Sinclair ZX Personal Computer
augmented by a 16K -byte add-on
RAM pack

this RA.51 pack and the
replacement ROM arc descnhed
below And the description of each
Cassette makes it clear what
hardware is required

8K BASIC ROM
The BK BASIC ROM used in the
ZX81 is available to /XS° os nen
u a drupin replacement chip
With the exception of animated
graphics., all the ads arced features
of the ?XIII arc now 1%31121+1e on a
/.X80 - including the abilits to run
much of the Sinclair /A Software

The ROM chip comes with a
new keyboard template, which can
he overlaid on the existing
keyboard in minutes, and a new
operating manual

16K -BITE RAM pack
The 16K-trte RAM pack provides
16 -times more memory in one
complete module Compatible with
thei_X8landthe /AK it can he used
for program storage or Ma database

The RAM pack %amok plugs
nto the existing expansion port on

the rear of a Sinclair /X. Personal
Computer

14, ....IP are

Cassette 1 -Games
Few 7-581 (and Z.580 with RA'
BASIC ROM)

ORBIT -your space craft's
missions to pick up a verryaluable
cargo that's an (whit around a star

SNIPER - °tiff surtoundcd
by 40 of the enemy Flow quick's
can You spot and shoot them w hen
they appear%

MFITORS - Your starshiP is
cruising through space when sou
meet a meteor storm How long can
You dodge the deadly danFer%

LIFT -I H. Conway's 'I came of
Life' has aches ed tremendous
populann in the computing world
Study the life, death and evolution
patterns of cells

WOLFPACK - sour nasal
destroyer is on a submanne hunt
1 he depth charges arc armed. but
must he fired with precision.

;OLE - what's sour handicap%
It's a track% course but sou control
the strength of your shots.

(:assette 2 -Junior
Education: 7 -II -year -olds
Far DM trick 16I. RAM park

CRASH - supple addition - with
the added attraction of a car crash
if you get It wrong

MITITPIY - long multi-
plication with foe levels of
difficult% If the answer's w tong
the solution is explained

TRAIN - multiplication tests
against the computer The winner's
train reaches the station first

FRACTIONS- fractions
explained at three levels of
difficulty A ten-questicm test
completes the program

ADIISUB - addition and
subtraction with three levels tit
difficulty Again, wrong answers
arc followed by an explanation

DIVISION _ with fit a leech of
difficulty Mistakes are explained
graphically, and a running score is
displised

SPELLINtli - up to 500 VI ordt
over five levels Of difficult You
can even change the worths -tun&

Cassette 3- Business and
Household
Foe 211:81 (awl ZVI° troth RA
BASIC ROM) WWI ielK RAM pack

TELE.111M1. - set up your own
computerised telephone directors
and address book Changes.
additions and deletions of up to
SO entries are easy.

NOTE PAD -a powerful, cam 
to -run system for storing and

retnesing es crYclav information.
Use it as a dun, a catalogue, a
reminder %%stem, or a direeMer.

BANK ACCOUNT -a
sophisticated financial recording
mums with comprehensive
documentation Use it at home to
keep track of 'where the money
goes,' and at work for expense
departmental budget% etc

( :assctle 4 -Game'.
Foe 1V81 (ad 7580 troth RA
BASIC ROil) and 16: RAM park

LUNAR LANDING - bong the
lunar module down from orbit to a
soft landing You control attitude
and orbital direction - but watch the
fuel gauge' I he screen digital %your
flight status-duatally and ;trap ha.alls

TWENTYONE -a dice version
of Blacklick

COMBAT -you're on a suicide
space mission You has e only 12
missiles but the aliens have
unlimited strength Can You take
12 of them with sou%

SURSTRIKE - on patrol, your
frigate detects a pack of 10 enemy
subs Can you depth -charge them
before they torpedo you%

CODE:RU.4:ER - the
computer thinks of a 4 -digit number

hach you have to guess in up to 10
inn The lopoil approach as hest'

MA11).AY -m answer to a drurrss
call, you've narrowed down the
search area to 43 cubs: kilometers
of deep space Can % ou find the
astronaut before his Idesupport
system fails in 10 hours time

Cassette 5- Junior
Education: 9 -II -year -old.
Far 7581 (and 1.1110 with RK
BASIC ROM)

MATHS - tests arithmetic with
three levels of difficulty, and raves
Your score out of 10

BALANCE - tests understanding
levers/fulcrum theory with a

series of Faphic examples
1'01.1. Mk-% CC or *rdo.

answers from the computer to a
series of cube volume calculations

AVERAfiES -what. the average
height of your dam% 1 he as erage
shoe sue oto:su (anuly Du average
pocket money of your friends% The
computer plots a bar chart, and
distinguishes MEAN from MEDIAN

RASES - convert from decimal
base 10 to other bases of yOUr

choice m the range 2 to 9
TEMP - Volumes. temperatures

- and their combinations

How to order
Simply use the order form below,
and either enclose a cheque or go c
us the number of your Access,
Barclaycard or Trustcard account
Please allow 28 days for delver
I4 -d 3% money -hack option

sinnlair
ZX SOFTWARE
Sinclair Research 1.1d.
6 Kings Parade. Cambridge,
lambs., (112 ISN.Tel: 1276 66104.
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PRECISION -by
V.0"11.3711111

For more than eleven years Powertrim have been designing and manufacturing the finest quality electronic kits. All of
our now considerable range have featured in the electronics press and literally thousands have been bought and built
by contractors in the UK and World-wide.
Our philosophy is always the same - we offer ingenuity and originality in the construction phase by using only top
class dosignrs. We offer machines with power. versatility and performance - capability fully equal to their factory
built rivals We offer only the highest quality materials and components throughout to ensure years of useful and
reliable service, we offer clear comprehensive and easy to follow construction manuals to place our kits within the
scope of the careful first time builder as well as the dedicated enthusiast

Our hallmark of success lies in the number of our clients who have built our whole range many assembling several
units for others to use often on the professional music scene
We believe in taking every care throughout - months spent checking and testing the design and development
Vigorous checking of every component, constant prederspatch quality control, careful packaging.. even door to door
delivery by Securicor!
We are naturally very proud of our Transcendent range of synthesizers designed by Tim Orr and regularly featured in
ETI They represent the best in constructional interest and in musical performance.
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Quite simply the best way to make music

(200

T20  20 -
this is  20
a ~anal
tranitornior.
lifleelLtbon
1211.50 plus VAT Also T30  30 - 30 wet RISRIWI

f34.110 plus VAT
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